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Introduction
Briefly introduce background, the scope of this email discussion and provide some guidelines for email discussion if necessary.
In RAN#88-e plenary meeting, the exception sheet for CSI-RS based L3 measurement has been approved. And the following open issues are aimed to be concluded in this meeting.
For measurement capability：
· Relation between CSI-RS layer and SSB layer
· Whether multiple MOs can be counted as one frequency layer
· How to count SSB frequency layers
· Number of CSI-RS layers/cells/beams
For measurement requirement：
· Scope of requirement
· UE capability
· UE measurement capability requirement
· Cell identification requirement
· Scheduling restriction
· The collision case between L1 measurement of serving cell and CSI-RS L3 measurement of neighbour cell
· CSSF for CSI-RS based measurement within measurement gap and outside of measurement gap. 
List of candidate target of email discussion for 1st round and 2nd round 
· 1st round: Discuss and agree on all listed issues for measurement capability and measurement requirement.
· 2nd round: Discuss and agree on CRs, and  provide the WF for both agreements and remaining open issues.
Topic #1: Measurement capability
Main technical topic overview. The structure can be done based on sub-agenda basis. 
Companies’ contributions summary
	T-doc number
	Company
	Proposals / Observations

	R4-2009746
	Intel Corporation
	Proposal 1: For CSI-RS measurement capability requirements, one MO with CSI-RS is identical to 1 CSI-RS frequency layer.
Proposal 2: CSI-RS and SSB for mobility configured in the same MO are counted as 2 layers.
Proposal 3: Don’t define requirement if multiple CSI-RS resources from different cells are transmitted in the same OFDM symbols in one MO, and the CSI-RS resources are QCL-ed with different associated SSB.
Proposal 4: 5 samples are assumed for intra-frequency measurement period and the measurement performance of CSI-RS is expected to be no worse than that of SSB.
Proposal 5: Don’t need to confine CSI-RS resources within SMTC of the associatedSSB.
Proposal 6: All CSI-RS in the same MO should follow fall into the same time domain restriction window.

	R4-2009761
	Xiaomi
	Proposal 1: CSI-RS and SSB for mobility configured in the same MO are counted as 2 layers.
Proposal 2: For intra-frequency layer, UE shall monitor at least 32 CSI-RS resources per frequency layer for both FR1 and FR2.
Proposal 3: For inter-frequency layer, UE shall monitor at least 24 CSI-RS resources per frequency layer for both FR1 and FR2.

	R4-2009841
	CATT
	Proposal 1: Only one MO corresponding to one frequency layer is considered in R16 and the possible enhancement can be done in Rel-17.
Proposal 2: CSI-RS and SSB for mobility configured in the same MO are counted as 2 layers.
Proposal 3: UE shall be able to measure at least 8 NR frequency layers in total, including SSB frequency layers and CSI-RS frequency layers.
Proposal 4: UE shall be able to measure at least 13 carriers of all RATs in total.
Proposal 5: Number of SSB layers should include SSB for mobility and that as associated SSB.
Proposal 6: For the number of CSI-RS resource, UE shall monitor at least 24 CSI-RS resources per frequency layer. 32 resources is also acceptable considering the NW deployment demand.

	R4-2010053
	Apple
	Proposal 1: it is proposed to remove feature group 12-1 and introduce the following UE capacities
· Feature group 12-3: Simultaneous reception of intra-frequency CSI-RS and SSB within the active BWP bandwidth and with the same numerology
· Feature group 12-4: Simultaneous reception of intra-frequency CSI-RS and SSB within the active BWP bandwidth and with mixed numerologies
Proposal 2: Introduce the following UE capability to support up to 3 mixed numerologies
· Feature group 12-5: Simultaneous reception of CSI-RS, SSB and data channel within the active BWP bandwidth and with three mixed numerologies
Proposal 2a: UE behaviour is not specified if 3 mixed numerologies are configured simultaneously.
Proposal 3: With time restriction introduced for CSI-RS resource configurations, it is not suggested introduce UE capability with minimum separation between two CSI-RS slots
Proposal 4: CSI-RS and SSB in the same MO should be considered as 2 layers.
Proposal 5: If the following two conditions can be met, CSI-RS resources configured in multiple MO can be counted as one frequency layer
· different MO share the same center frequency and the same SCS for CSI-RS resources
· the total number of CSI-RS resources associated with the same PCI should be no more than maxNrofCSI-RS-ResourcesRRM
Proposal 6: For CSSFwoutside_gap,i, CSI-RS and SSB should be considered as different frequency layers, including the scenarios where they are configured in the same MO, and/or have the same center frequency and the same SCS. 
Proposal 7: In CSSF definition, it is assumed that CSI-RS and SSB measurement share the same searcher.  
Proposal 8: RAN4 only specifies the requirements based on the assumption that CSI-RS time domain restriction and SMTC, which are corresponding to the same PCI, should be aligned and confined with 5ms window. 
Proposal 9: For CSSFwithin_gap,i, CSI-RS and SSB should be considered as different frequency layers, including the scenarios where they are configured in the same MO, and/or have the same center frequency and the same SCS. 

	R4-2010057
	Apple
	

	R4-2010065
	CMCC
	Number of frequency layers to be monitored
Proposal 1: it is proposed that UE is capable of measuring 8 NR frequency layers including SSB and CSI-RS. 
Number of beams to be monitored
Proposal 2: for intra-frequency measurement, the number of CSI-RS resource is proposed to be 32 for FR1 and 48 for FR2.
Proposal 3: for inter-frequency measurement, the number of CSI-RS resource is proposed to be 14 for FR1 and 28 for FR2.

	R4-2010073
	CMCC
	

	R4-2010312
	MediaTek inc.
	Observation 1: According to current RRC signaling, the associated SSB is provided in the same measurement object with the CSI-RS configuration. Network needs to configure both SSB configurations and CSI-RS configurations in the same MO for CSI-RS based L3 measurement.
Observation 2. Merging CSI-RS and SSB for mobility configured in the same MO into one single frequency layer has the following benefit:
1) Avoid increasing the number of layers to be monitored, 
2) Allow same max number layers for SSB and CSI-RS, 
3) Minimize additional change to the CSSF requirement, 
4) Avoid contradiction between WIs which intend to modify the same CSSF chapter 
5) Ease the future specification load
Proposal 1: SSB and CSI-RS for mobility configured in the same MO is merged into one single frequency layer.
Proposal 2: The layers to be monitored based on CSI-RS can only be a subset of the layers monitored based on SSB. The minimum # of layers to be monitored based on CSI-RS is the same as that for SSB.
Proposal 3: The cells to be monitored based on CSI-RS can only be a subset of the cells monitored based on SSB. The minimum # of cells to be monitored based on CSI-RS is the same as that for SSB.
Proposal 4: Up to 32 of CSI-RS (beams) to be monitored per layer.
Proposal 5: UE buffering and processing capability is not needed.

	R4-2010386
	Nokia, Nokia Shanghai Bell
	Observation#1: Single MO per frequency layer has not been assumed in RAN1/RAN2 for CSI-RS based L3 measurement; it is also unrealistic to assume single MO per frequency layer considering the practical network deployment.
Proposal#1: Define the CSI-RS based measurement capability per frequency layer, without assuming single MO per layer.
Proposal2: The UE shall be able to monitor at least 1 CSI-RS intra-frequency layer in addition to 1 SSB intra-frequency layer. 
Proposal3: The UE shall be able to monitor at least 7 NR inter-frequency layers in total including both SSB and CSI-RS inter-frequency layers. 
Proposal4: If the dedicated number of CSI-RS inter-frequency layer is to be defined, the UE shall be able to monitor at least 7 NR SSB inter-frequency layers or 3 CSI-RS inter-frequency layers.  
Proposal5: The number of SSB frequency layers is the total number of “carrier frequencies” including
· ssbfrequency when ssb-ConfigMobility is configured
· ssbfrequency when CSI-RS-ResourceConfigmobility is configured with associatedSSB
· the ssbfrequency is counted only once if the ssbfrequency in above bullets are the same, or ssbfrequency in multiple MOs are the same.   
Proposal6: The number of cells the UE is able of monitoring should include both SSB-based and CSI-RS based measurement.
Proposal7: For the number of CSI-RS resource, it is proposed reusing the values defined for SSB-based mobility as a starting point. The capability is shared between SSBs and CSI-RS resources. 


	R4-2010713
	OPPO
	Proposal 1: Considering the different buffer and processing for RRM, MO(s) configured for SSB and/or CS-RS mobility measurement should be taken as different NR frequency layers.
Proposal 2: The number of SSB frequency layers is the total number of “carrier frequencies” including
· ssbfrequency configured for ssb-ConfigMobility, and 
· ssbfrequency configured for associatedSSB with CSI-RS-ResourceConfigmobility, and 
· the ssbfrequency is counted only once if the ssbfrequency in above bullets are the same, or ssbfrequency in multiple MOs are the same.
Proposal 3: UE shall be able to measure at least 7 effective NR frequency layers in total excluding NR serving carrier(s), including SSB frequency layers and CSI-RS frequency layers.
Proposal 4: Support shared capability on number of cells for CSI-RS&SSB.
Proposal 5: The number of CSI-RS resource/beams to be monitored for UE shall be at least 
· 14 CSI-RS resources for intra frequency measurements in FR1, 24 CSI-RS resources for intra frequency measurements in FR2,
· 7 CSI-RS resources for inter frequency measurements in FR1, 14 CSI-RS resources for inter frequency measurements in FR2.


	R4-2011172
	Huawei, Hisilicon
	Proposal 1-1: One CSI-RS frequency layer is identical to one MO with CSI-RS. Different MOs are different frequency layers.
Proposal 1-2: Ask RAN1 to update the limit on the maximum number of CSI-RS resources per MO from 96 to 288 for the case with associated SSB.
Proposal 2-1: MO with ssbFrequency is counted in the number of SSB frequency layers if the SSB is 
· For mobility (ssb-ConfigMobility is configured in MO configuration) only, or
· As associated SSB for CSI-RS (associatedSSB is configured for each CSI-RS resource) only, or 
· Both for mobility and as associated SSB for CSI-RS
Proposal 2-2: Multiple MOs with same ssbFrequency can be counted as one SSB layer in capability if SSB measurement related parameters are same in multiple MOs.
Proposal 3: RAN4 to define separate capabilities for SSB measurement and CSI-RS measurement. CSI-RS and SSB for mobility configured in the same MO are counted as 2 layers.
Proposal 4: UE shall be able to measure at least
· 1 SSB intra-frequency layer and 1 CSI-RS intra-frequency layer per serving cell
· 7 SSB inter-frequency layers and 7 CSI-RS inter-frequency layers
· 8 NR inter-frequency layers including SSB and CSI-RS in total, 
· 13 NR inter-frequency and inter-RAT layers in total
Proposal 5: UE shall be able to measure at least 
· 8 identified cells for FR1, and 6 identified cells for FR2, for each intra-frequency layer
· 4 identified cells for FR1, and 4 identified cells for FR2,  for each inter-frequency layer
Proposal 6-1: UE shall be able to measure at least 
· 32 CSI-RS resources for intra-frequency measurements for both FR1 and FR2, 
· 24 CSI-RS resources for inter-frequency measurements for both FR1 and FR2.
Proposal 6-2: For each FR2 band, UE is required to measure neighbor cell CSI-RS on one CSI-RS layer, whose associated SSB should be on the same SSB layer as the one where UE is required to measure neighbor cell SSB.
Proposal 7: CSI-RS requirements apply provided that CSI-RS resources in any two consecutive slots are separated by at least 7 symbols.
Proposal 8: CSI-RS measurement requirements apply if all CSI-RS resources of a frequency layer fall in a window occurring periodically. 


	R4-2011315
	ZTE
	Proposal 1. CSI-RS based L3 measurement and SSB based L3 measurement are independent measurements in terms of UE measurement capability.
Proposal 2. If CSI-RS based and SSB based L3 measurement are configured in one MO, it is counted as two frequency layers.
Proposal 3. Measurement on SSB frequency layer is the one that configured via ssb-configMobility.
Proposal 4. Multiple MOs is counted as one frequency layer as long as ssbFrequency and CSI-RS center frequency are the same.
Proposal 5. [1] CSI-RS intra-frequency layer per serving cell carrier if multiple MOs can be counted as one frequency layer.
Proposal 6. [7] CSI-RS inter-frequency layer if multiple MOs can be counted as one frequency layer.
Proposal 7. [32] CSI-RS resources for intra frequency measurement in both FR1 and FR2.
Proposal 8. [14] CSI-RS resources for inter frequency measurement in both FR1 and FR2.
Proposal 9. maxNumberCSI-RS-RRM-RS-SINR indicated by UE should ensure the UE meeting measurement capability requirements specified in TS 38.133.
Proposal 10. maxNumberCSI-RS-RRM-RS-SINR is for UE processing of CSI-RS resources which are associated with detected SSB and not for NW configuring of CSI-RS resources.


	R4-2011338
	Qualcomm
	Proposal5: minSeparationTimeCSI-RS-RRM reserves the minimal amount of time to complete the processing of the measurements before NW can schedule additional resources in next CSI-RS slot for RRM purpose.
Proposal5.1: Send a LS to RAN2 about this new UE capability of minSeparationTimeCSI-RS-RRM.
Proposal6: CSI-RS layers and SSB layers are relatively less related. Associated SSBs of CSI-RS resource shall be included for counting SSB layers so they are monitored properly.
Propsoal7: We recommend one MO per frequency layer is considered in Rel-16.
Proposal8: RAN4 to agree on the number of CSI-RS resources/beams.



Open issues summary
Before e-Meeting, moderators shall summarize list of open issues, candidate options and possible WF (if applicable) based on companies’ contributions.
[bookmark: OLE_LINK27]In last RAN 88e meeting, a Rel-16 WI Exception for CSI-RS based L3 measurement (RP-201340) was approved including UE measurement capability requirement:
· UE measurement capability requirement
· Relation between CSI-RS layer and SSB layer
· [bookmark: OLE_LINK25]Whether multiple MOs can be counted as one frequency layer
· How to count SSB frequency layers
· Number of CSI-RS layers/cells/beams
· UE capability
· New UE capability for minimum separation between two slots
· Note: can be handled with low priority

Sub-topic 1-1: Frequency layer
Sub-topic description:
Open issues and candidate options before e-meeting:
Issue 1-1-1: Whether CSI-RS and SSB for mobility configured in the same MO are counted as 2 layers
· Proposals
· Option 1: SSB and CSI-RS for mobility configured in the same MO should be considered as 2 layers. 
· Option 2: SSB and CSI-RS for mobility configured in the same MO is merged into one single frequency layer.(MTK)
· Recommended WF
· Option 1 as majority view is recommended 

	Issue 1-1-1: Whether CSI-RS and SSB for mobility configured in the same MO are counted as 2 layers

	Company
	Comments

	vivoXXX
	We support option 2 for R16 and other scenarios identified can be further introduced in later release.
If SSB and CSI-RS are configured in the same MO, SMTC configuration is shared between SSB and CSI-RS.
For intra-frequency layer, if SSB and CSI-RS are configured in the same MO, it would be nature for UE to conduct the CSI-RS measurement based on SSB detection result.
For inter-frequency layer, if SSB and CSI-RS are configured in the same MO, in our view, both identification and measurements are only feasible in SMTC for R16. Therefore, it is also nature for UE to conduct CSI-RS measurement based on SSB detection result.

	Huawei
	We support the recommended WF.
From UE perspective, SSB and CSI-RS are different Reference Signals, so they are measured as different frequency layers with separate computation and memory resources. Even SSB and CSI-RS can be sampled at the same time/frequency resources, all the other efforts for measurement e.g. buffering, processing, filtering and results saving need to be taken separately for SSB and CSI-RS.
From NW perspective, the conditions required by option 2 also clearly restrict NW flexibility. In time domain, we see it very difficult to always confine CSI-RS resources within SMTC window, and this is addressed in more detail in Sub-topic 2-3. In frequency domain, as RAN4 only defines intra-frequency requirements when CSI-RS is within UE active BWP, the restriction means the UE active BWP should always contain SSB, and this is very restrictive for BWP operation. 

	MTK
	Support Option 2.
In RAN2 definition, a cell is uniquely defined based on its Cell ID and frequency layer (ARFCN). This is the way we avoid the PCI confusion issue to be handled and why we introduce CGI reading mechanism. If 2 cells are in different layers, UE should treat them as physically different cells. The timing, frequency information cannot be shared among these 2 cells. That is to say, if UE needs to adopt the estimated timing and frequency error provided by SSB (with the same cell ID) to measure CSI-RS, then SSB and CSI-RS should belong to the same layer. 

	CMCC
	We are OK with recommended WF (option 1). For option2, only the time domain (CSI-RS is confined with SMTC) and frequency domain restriction (SSB is covered by CSI-RS BW) are met, CSI-RS and SSB can be counted as one layer. However, the configuration of SSB and CSI-RS is independently, and the limitation on the network configuration is not preferred, it is up to network implementation. 

	OPPO
	Support option 1. SSB and CSI-RS for mobility should be counted as 2 layers even in the same MO, considering different buffering and processing. Here it is more related to UE measurement capability. And whether it is beneficial to configure CSI-RS and SSB in the same MO can be further discussed in sub-topic 2-3 for restriction on CSI-RS resources configuration.

	Nokia
	Support the recommended WF.  

	NEC
	We support option 1. Option 2 may be very restrictive in terms of CSI-RS scheduling 

	Qualcomm
	Option1 is supported.

	CATT
	Support recommended WF. The center frequency for CSI-RS and SSB in the same MO is different in general and the SSB detection and CSI-RS measurement are 2 respective procedures, so the CSI-RS and SSB in the same MO should be counted as 2 layers.

	ZTE
	We think the fundamental question is by what activities a frequency layer is defined. The frequency layer is used to define UE capability of monitoring cells/beams on the layer. It is not always possible that SSB and CSI-RS can be measured at the same time. It requires time and frequency overlapping between configured SSB and CSI-RS resources, which is a very strong restriction to NW configuration and not necessarily to be.

	Xiaomi
	We support option 1. According to the frequency layer definition, the layer can be considered as the same layer depend on whether the center frequency of reference signal is the same or not. UE may process the SSB based and CSI-RS based measurement separately.

	Apple
	Support option 1

	Intel
	agree with recommended WF. CSI-RS and SSB are two types of resource with separate processing.

	MTK
	To compromise, we suggest to agree on Option 1 with the following condition.
· For UE that support simultaneous processing capability of SSB and CSI-RS, the SSB and CSI-RS layers can be merged into 1 layer which only counted once in both measurement capability and the CSSF requirements if
1. All CSI-RS are configured within the SMTC window configured in the same MO
2. The SSB RBs configured in the same MO are covered by the CSI-RS BW



[bookmark: OLE_LINK35][bookmark: OLE_LINK36]Issue 1-1-2:	Whether multiple MOs can be counted as one frequency layer
· Proposals
· Option 1: YES
· Option 1a: Multiple MOs are counted as one frequency layer as long as CSI-RS center frequencies are the same. (ZTE)
· Option 1b: CSI-RS resources configured in multiple MOs can be counted as one frequency layer with the following 2 conditions: (Apple)
· different MOs share the same center frequency and the same SCS for CSI-RS resources
· the total number of CSI-RS resources associated with the same PCI should be no more than maxNrofCSI-RS-ResourcesRRM
· Option 2: NO
· Option 2a: Only one MO corresponding to one frequency layer is considered in R16 and further enhancement is considered in R17 (Intel, QC, CATT)
· Option 2b: RAN4 kindly asks RAN1 and RAN2 to increase the number of configurable CSI-RS resources per MO from 96 to 288 (Huawei with LS in R4-2011172 )
· Recommended WF
· Option 2a is recommended.

	Issue 1-1-2: Whether multiple MOs can be counted as one frequency layer

	Company
	Comments

	vivoXXX
	Prefer option 2 and 2a in R16.
Proponent of other options mainly brings argument that the number of resources in one MO is too restricted.
In our view, the network can configure CSI-RS based measurements ONLY after there is measurement report from UE for this specific layer, and network has received some information on SSB based measurement. How to reduce signaling overhead is optimization work and can be further discussed in later release.

	Huawei
	We support option 2b.
Option 1a can work, but it achieves same technical results as option 2b with increased UE complexity, since measurement configuration and report configuration are both based on MO. Also it is not consistent with RAN1/2 definition of CSI-RS frequency layer.
Option 1b is similar to option 1a, could Apple please clarify whether maxNrofCSI-RS-ResourcesRRM is an existing capability?
Option 2a is consistent with UE implementation and RAN1/2 definition of CSI-RS frequency layer, but it has significant drawback from NW perspective. It means NW can only configure CSI-RS resources for a very limited number of neighbour cells per MO, or NW needs to reconfigure the MO frequently based on SSB measurement results.

	MTK
	Support Option 2a.
RAN4 can focus on a baseline requirements in Rel-16 to make this feature work. Further enhancement is not urgent at this stage.

	CMCC
	Considering the limited timeline, we are OK with option 2a.

	OPPO
	Prefer option 2a as baseline in Rel16.  

	Nokia
	Support Option 1a. 
If multiple MOs share the same center frequency and same SCS, we don’t see the reason why they can’t be counted as one frequency layer. We understood RAN1/RAN2 does not prohibit such configuration and hence we should not change RAN2 spec and the LS is not needed. 
But we may simplify the discussion by defining the Rel16 requirements only if there is single MO configured per frequency layer. The multiple MOs per frequency layer can be further studied in Rel17. 

	NEC
	We support option 1a. 
We also understand that option 2b can also achieves same purpose. Considering amount of work involved and time left to finalize R-16 we prefer option 1a at this stage.

	Qualcomm
	We support option2a for Rel-16.

	CATT
	Support the recommended WF. It seems that companies have different understanding on the LS from RAN1 which gives the definition of MO. So we suggest only one MO corresponding to one frequency layer is considered in R16. Further clarification from RAN1 and possible enhancement can be done in R17. 

	ZTE
	Similar to previous issue there is no longer necessary to bound MO and frequency layer together.
Support Option 1a.
Option 1b is similar to option 1a but additionally has restriction on the number of CSI-RS resources configurable. Firstly it is up to NW implementation. Secondly this UE capability is for CSI-RS resources across all frequency layers and it is not clear as analyzed in our contribution.
Option 2a makes the feature useless as pointed out by several companies.
Option 2b is something that how the CSI-RS resources configuration should be, except the number. But unfortunately it didn’t goes this way. It is too late to do this. The RRM requirements are specified in Rel-16. Which release should RAN1 spec be revised if we agree to change? There would be inconsistent specs if changes are from Rel-16.If from Rel-15, then it seems to be NBC change.If the group agrees to change, then the number needs to be revised. At least 512 CSI-RS resources are needed to be configured. 

	Xiaomi
	Prefer option 2a in Rel-16

	Qualcomm
	In our view, 1 MO per layer was intended to follow the same assumption as SSB based measurement and simplifies core requirement discussions. 
If 1MO per layer is tentatively agreed in option2a, we would like to understand network side concern. From the GTW meeting, it appears that in an mobility scenario, network has no idea about for a specific UE, what CSI-RS resources are relevantly needed for UE to measure. Hence network has to choose to configure a total set of CSI-RS resources per layer in a single MO. Thus current MO size imposes a limitation. 
From UE POV, we appreciate more clarifications w.r.t this problem.
1. How many total CSI-RS resources are we looking at in a realistic deployment in Rel-16?
a. Assume intra-frequency layer, do we understand correctly that potentially for FR1, we have [7] neighbor cells, [8]SSBs/cell, up to [32]CSI-RS beams/cell, that amounts at 7*32=224?
2. Concerns from UE POV to deal with such a large MO.
a. Memory cost to store the MO as UE has to refer to the total set frequently in mobility
b. MIPs cost to select up to [32] resources for measuring out of the configured total set
Tentative approaches to resolve,
· Enlarge MO size for single MO option but our concerns in 2.a and 2.b are not addressed
· Multiple MOs per layer. Same concerns in 2.a and 2.b and could this complicate the discussion of CSSF outside the gap? Also do we allow multiple measurement windows and periodicity for MOs on the same layer? 
· Stick to current MO size and the single MO option, which may require network to reconfigure the MO if UE doesnot detect or measure valuable CSI-RS beams. For this approach, UE must be re-configured to measure additional cells. However, we wonder if this breaks the feature.
Thanks for any further comments.

	Apple
	We can compromise to 2a.
Also, 1 and 2b are the same. If we have to increase number of CSI-RS resources per frequency layer, option 1a or 1b is preferred.
@Huawei, let me clarify our proposal a bit more. Regardless #of MO specified per layer, maxNrofCSI-RS-ResourcesRRM should be used to define UE capabilities. 

	Intel
	we support option 2a in Rel-16. We can consider enhancement in later release.

	MTK
	We can also support 2b as a compromise. 
The intention is still trying to avoid multiple MO to be merged to one single layer. The reason is to avoid some lengthy discussion on the MO merging rule in case some of the detail configurations in different MOs are different. Please note that there are still a bunch of IEs in MeasObjectNR.



Issue 1-1-3: How to count SSB frequency layers
· Proposals
· [bookmark: OLE_LINK18]Option 1: Number of SSB layers should include SSB for mobility and that as associated SSB for CSI-RS mobility
· For mobility (ssb-ConfigMobility is configured in MO configuration) only, or
· As associated SSB for CSI-RS (associatedSSB is configured for each CSI-RS resource) only, or 
· Both for mobility and as associated SSB for CSI-RS
· Option 2: Measurement on SSB frequency layer is the one that configured via ssb-configMobility.

· Recommended WF
· Number of SSB layers should include SSB for mobility and that as associated SSB for CSI-RS mobility；
· the ssbfrequency is counted only once if the ssbfrequency for mobility and associated SSB are the same, or ssbfrequency in multiple MOs are the same.   

	Issue 1-1-3: How to count SSB frequency layers

	Company
	Comments

	vivoXXX
	We are generally fine with the recommended WF except that
“
Number of SSB layers should include SSB for mobility and that as associated SSB for CSI-RS mobility IF no SSB based measurement is configured in the MO
the ssbfrequency SSB layer is counted only once if the ssbfrequency and SMTC periodicity of SSB for mobility and associated SSB are the same, or ssbfrequency and SMTC periodicity in multiple Mos are the same.
”
Reason for change:
1. associated SSB should be counted only if there is no SSB based measurement configured in the same MO.
The condition for merging two SSB configuration should also consider the SMTC periodicity. If there are two different SMTC periodicities configured for the same SSB frequency layer and they are regarded as the same layer, it is not clear whether and how to define/update the requirements of this corresponding SSB layer.

	Huawei
	We support the recommended WF, with the additional condition for the 2nd bullet that the smtc parameter is same in multiple Mos.
In our view, the UE measurement for associated SSB frequency layer is no different from that for mobility SSB frequency layer: UE has to perform SSB detection and SSB index reading in order to determine which CSI-RS should be measured and the timing and QCL for the CSI-RS measurement; UE may also have to measure RSRP/RSRQ to select the SSBs and correspondingly the CSI-RS resources for measurement, noting that UE is only required to measure a limit number of SSBs per SSB frequency layer.

	MTK
	Support Option 1
With associated SSB, UE needs to detect SSB first before measuring CSI-RS. The effort and time spent on SSB detection should be clearly reflected in the requirement.
Regarding the 2nd part of the re-commanded WF, it seems belong to the outcome of 1-1-2. If RAN4 agrees to have only one MO per layer, maybe we do not need to discuss this issue.

	CMCC
	We are OK with the recommended WF

	OPPO
	Agree with the recommended WF. Regarding 2 SMTC are allowed to be configured for intra-frequency SSB layer and only 1 SMTC for inter-frequency SSB layer, the additional condition proposed by vivo seems OK that SMTC for SSB for mobility and associated SSB are also the same. 

	Nokia
	Support the recommended WF. 

	NEC
	Agree with recommended WF

	Qualcomm
	Recommended WF is agreeable.
It is necessary to avoid repeated counting of SSB layers as Vivo/OPPO comment.

	CATT
	Support the recommended WF. For CSI-RS based measurement, only the case with associated SSB is considered in R16. The associated SSB should be detected before performing CSI-RS measurement. So the associated SSB should be also counted. 

	ZTE
	Again we think the fundamental question is by what activities a frequency layer is defined. The frequency layer is used to define UE capability of monitoring cells/beams on the layer. IF associated SSB is not configured by ssb-ConfigMobility, then it is not counted as one SSB frequency layer as it is counted as CSI-RS frequency layer. Otherwise monitoring CSI-RS frequency layer will be counted twice. Therefore Option 2 is clear enough.

	Xiaomi
	We are fine with the recommended WF

	Apple
	We are fine with the recommended WF

	Intel
	Support the recommended WF.



Issue 1-1-4: Number of frequency layers to be monitored
· UE shall be able to measure at least
· 1 SSB intra-frequency layer and [1] CSI-RS intra-frequency layer per serving cell
· 7 SSB inter-frequency layers and [7] CSI-RS inter-frequency layers
· [8] NR inter-frequency layers including SSB and CSI-RS in total, 
· and 13 NR inter-frequency and inter-RAT layers in total


· Proposals
· Option 1: UE shall be able to measure at least 8 NR frequency layers in total, including SSB frequency layers and CSI-RS frequency layers.
· Option 2: UE shall be able to measure at least 7 NR frequency layers in total, including SSB frequency layers and CSI-RS frequency layers.
· [bookmark: _Ref40010786]Option 3: (MTK)
· The layers to be monitored based on CSI-RS can only be a subset of the layers monitored based on SSB. The minimum # of layers to be monitored based on CSI-RS is the same as that for SSB. 
· Option 4: (Nokia)
· The UE shall be able to monitor at least 1 CSI-RS intra-frequency layer in addition to 1 SSB intra-frequency layer. 
· The UE shall be able to monitor at least 7 NR inter-frequency layers in total including both SSB and CSI-RS inter-frequency layers. 
· If the dedicated number of CSI-RS inter-frequency layer is to be defined, the UE shall be able to monitor at least 7 NR SSB inter-frequency layers or 3 CSI-RS inter-frequency layers.  
· Option 4: (ZTE)
·  [1] CSI-RS intra-frequency layer per serving cell carrier if multiple MOs can be counted as one frequency layer. 
·  [7] CSI-RS inter-frequency layer if multiple MOs can be counted as one frequency layer.
· Recommended WF
· UE shall be able to measure at least
· 1 SSB intra-frequency layer and 1 CSI-RS intra-frequency layer per serving cell
· 7 SSB inter-frequency layers and 7 CSI-RS inter-frequency layers
· 8 NR inter-frequency layers including SSB and CSI-RS in total, 
· 13 NR inter-frequency and inter-RAT layers in total

	Issue 1-1-4: Number of frequency layers to be monitored

	Company
	Comments

	vivoXXX
	We are fine with the recommended WF.

	Huawei
	We support the recommended WF.

	MTK
	This discussion is pending on the conclusion of Issues 1-1-1, 1-1-2, 1-1-3. If there is no clear definition of one SSB layer and one CSI-RS layer, it is not ready to conclude this issue.

	CMCC
	We support the recommended WF.

	OPPO
	Agree with the recommended WF.

	Nokia
	We are Ok with the recommended WF except some clarification on the 2nd bullet. 
In the 2nd bullet, with 7 SSB inter-f layers and 7 CSI-RS inter-f layers, does it mean the UE shall be able to monitor at least 14 SSB inter-f layers (7 for SSB mobility + 7 for asscociatedSSB in the worse case) in addition to 7 CSI-RS inter-frequency layers? We are bit concerned if the UE vendors can support the enhanced capability.   

	Qualcomm
	Recommended WF is agreeable.
Agree with Nokia that 2nd bullet can use more clarifications. In our view, enabling CSI-RS for L3 shall not add new SSB layers due to associated SSBs.

	CATT
	Support the recommended WF. 

	ZTE
	In general the recommended WF is fine on the condition that how to treat multiple MOs with same centre frequencies are settled. There would be another solution that number of CSI-RS frequency layers is increase by e.g. 4 times and total number is increased accordingly if only one MO is for one frequency layer. 
As we commented in the previous issue, we fully agree with QC that enabling CSI-RS for L3 shall not add new SSB layers due to associated SSBs.

	Xiaomi
	Recommended WF is agreeable to us

	Apple
	Support the WF
Regarding Nokia’s comments on 2nd bullet, we share the concern. If we can agree on SSB layers include both SSB for mobility purpose and the associated SSB for CSI-RS, there should be no ambiguity. 




Sub-topic 1-2: number of cells to be monitored
Sub-topic description 
· During each layer 1 measurement period, the UE shall be capable of performing CSI-RSRP, CSI-RSRQ and CSI-SINR measurements for at least:
· 8 identified cells for FR1, and 6 identified cells for FR2, for each intra-frequency layer
· 4 identified cells for FR1, and 4 identified cells for FR2, for each inter-frequency layer

Open issues and candidate options before e-meeting:
Issue 1-2-1:	number of cells to be monitored per layer
· Proposals
· Option 1: The same set of cells that UE measures for SSB and CSI-RS.
· Option 1a: The cells to be monitored based on CSI-RS can only be a subset of the cells monitored based on SSB. The minimum # of cells to be monitored based on CSI-RS is the same as that for SSB.
· Option 2: Separated capability for CSI-RS and SSB  measurement.
· Recommended WF
· During each layer 1 measurement period, the UE shall be capable of performing CSI-RS and/or SSB measurements for at least:
· 8 identified cells for FR1, and 6 identified cells for FR2, for each intra-frequency layer
· 4 identified cells for FR1, and 4 identified cells for FR2, for each inter-frequency layer

	Issue 1-2-1:	number of cells to be monitored per layer

	Company
	Comments

	vivoXXX
	We prefer option 1a for the case that associated SSB is not considered as a separate layer.
If associated SSB of this CSI-RS measurement is considered as a separate SSB layer, then UE shall be capable of performing CSI-RS measurement for at least:
· 8 identified cells for FR1, and 6 identified cells for FR2, for each intra-frequency layer
· For FR1, 14 associated SSBs with different SSB index and/or PCI on the intra-frequency layer, where the number of SSBs in the serving cell (except for the SCell) is not smaller than the number of configured RLM-RS SSB resources.
· For FR2, 24 associated SSBs with different SSB index and/or PCI,
· 4 identified cells for FR1, and 4 identified cells for FR2, for each inter-frequency layer
· For FR1, 7 associated SSBs with different SSB index and/or PCI on the inter-frequency layer.
· For FR2, 10 associated SSBs with different SSB index and/or PCI on the inter-frequency layer


	Huawei
	We support option 2. 
The numbers in the recommended WF are fine but the main bullet is confusing. The number of cells is defined per frequency layer, and as discussed in Issue 1-1-1, we see SSB and CSI-RS as separate frequency layers, so UE cannot perform “CSI-RS and/or SSB measurement”.
As RAN4 only defines requirement for CSI-RS measurement with associated SSB, we agree that the cells where UE measures CSI-RS is a subset of cells where UE measures associated SSB, and we are also fine to make this clarified in the requirements on number of cells for CSI-RS measurement.

	MTK
	Support Option 1.
CSI-RS cannot be used for cell detection. UE has to detect cells based on SSB before measuring CSI-RS. For some extreme case, if UE can not detect any neighboring cell via SSB, it does not make sense to ask UE to measure CSI-RS of a neighboring cell.

	OPPO
	Support option 1. And the recommended WF is based on the assumption that the total number of cells for associated SSB is the same as that of SSB mobility. 
To Huawei, we also agree that the cells where UE measure CSI-RS are a subset of cells where UE measure associated SSB. I think, your concern is that the cells for associated SSB could be not the same with those for SSB measurement, and then the cells of CSI-RS are not the same with those of SSB mobility which cannot be shared, is it right? If it is this case, the recommended WF was not proper, and the clarification would be needed in the specification. Otherwise, we would like to keep the recommended WF.  And the similar concern also apply to issue 1-3-2.

	Nokia
	Support the recommended WF. 

	Qualcomm
	Option1 is supported.

	CATT
	Since only the case with associated SSB is considered in R16 for CSI-RS based measurement. We also agree that the cells where UE measure CSI-RS are a subset of cells where UE measure associated SSB.

	ZTE
	Support Option 2.

	Apple
	Support Option 1a. Option 1 is OK too.



Sub-topic 1-3: number of CSI-RS resource/beams to be monitored per layer/MO
Sub-topic description 
· The number of CSI-RS resource/beams to be monitored for UE shall be at least
· [14/32] CSI-RS resources for intra frequency measurements in FR1, [24/32] CSI-RS resources for intra frequency measurements in FR2,
· [7] CSI-RS resources for inter frequency measurements in FR1, [14] CSI-RS resources for inter frequency measurements in FR2.
· FFS the values in [] and FFS the relation to maxNumberCSI-RS-RRM-RS-SINR limitation

Open issues and candidate options before e-meeting:
Issue 1-3-1: number of CSI-RS resource/beams to be monitored 
· Proposals
· For intra-frequency measurement for FR1
· Option 1: 32 , Option 2: 24 , Option 3: 14
· For intra-frequency measurement for FR2
· Option 1: 32, Option 2: 24, Option 3: 48
· For inter-frequency measurement for FR1
· Option 1: 32, Option 2: 24, Option 3: 14, Option 4: 7
· For inter-frequency measurement for FR2
· Option 1: 32, Option 2: 24, Option 3: 14, Option 4: 28
· Recommended WF
·  	Need more discussion and compromise.

	Issue 1-3-1:  number of CSI-RS resource/beams to be monitored
	
	
	

	Number of CSI-RS resource
	Company
xxxvivo
	Company
yyyHuawei
	Company
zzzMTK
	CMCC
	OPPO
	Qualcomm
	CATT
	ZTE
	Xiaomi
	Apple

	intra-f for FR1:    32/24/14
	24
	32
	≤32
	32. 32 is proposed based on our deployment, smaller number is not OK for us. 
	Compromise to 32
	32*
*We assume 8cells and 4 CSI-RS resources per cell.
	32
	32
	32
	32

	intra-f for FR2:     32/24/48
	32
	32
	≤32
	48 is originally proposed, but we can compromise to 32
	32
	24*
*We assume 6cells and 4 CSI-RS resources per cell.
	32
	32
	32
	32

	inter-f for FR1:    32/24/14/7
	14
	24
	≤32
	Both 14 or 24 are OK for us
	14
	14
	24
	24
	24
	14

	inter-f for FR2:    32/24/14/28
	28
	24
	≤32
	28 is originally proposed, but we can compromise to 24
	24
	14
	24
	24
	24
	14



[bookmark: OLE_LINK184][bookmark: OLE_LINK185]Issue 1-3-2: Neighbor cell CSI-RS resource measurement in FR2
· [bookmark: OLE_LINK183]Proposals
· Option 1(Huawei): For each FR2 band, UE is required to measure neighborneighbour cell CSI-RS on one CSI-RS layer, whose associated SSB should be on the same SSB layer as the one where UE is required to measure neighborneighbour cell SSB
· Recommended WF
· Needs more discussion
	Needs more discussionIssue 1-3-2: Neighbor cell CSI-RS resource measurement in FR2

	Company
	Comments

	vivo
	If this is meant to preclude the case that associated SSB is counted as one separate SSB layer, we are also fine for no requirement for this case in R16.

	MTK
	OK to Option 1 in principle.
But the detail is still pending on the definition of SSB layer and CSI-RS layer or whether they can be merged.

	OPPO
	Share the similar concern as vivo. But we are also ok with option 1.

	XXXHuawei
	We support option 1. 
The intention is to make sure UE is not required to measure neighbor cells on more than one SSB frequency layers per FR2 band. For example,
· Pcell in an FR2 band is configured with SSB measurement but without CSI-RS measurement
· Scell in the same FR2 band is configured with both SSB and CSI-RS measurement 
In the above case, UE is required to measure neighbor cell SSB for both Pcell and the Scell, which we think is putting additional requirement for UE without clear benefit.

	Nokia
	Is the proposal to enforce the associatedSSB and the SSB for mobility are always on the same SSB layers? As associatedSSB is used for CSI-RS based measurement, they could be different from the SSB configured in SSB-MobilityConfig. What additional requirements are needed for UE? 

	Qualcomm
	Option1 seems to require associated SSB layers for CSI-RS L3 need to be on the same the SSB layers for mobility. It is agreeable but we wonder if it is also applicable to FR1. 

	CATT
	If it means only SSB for mobility is configured as associated SSB, we are fine with the Option 1.

	ZTE
	It depends on how the SSB layer is counted. 

	Apple
	Agree with option 1 in principle. 



Sub-topic 1-4: Whether to introduce minimum separation between two slots
[bookmark: _Hlk48204649]Issue 1-4-1: Whether to introduce minimum separation between two slots
· Proposals
· Option 1: Yes
· Option 1a (QC): 
· Send a LS to RAN2 about this new UE capability of minSeparationTimeCSI-RS-RRM.
· Option 1b (Huawei): 
· CSI-RS requirements apply provided that CSI-RS resources in any two consecutive slots are separated by at least 7 symbols.
· Option 2: No (Apple, OPPO, CATT)
· With time domain restriction introduced for CSI-RS resource configurations, do not introduce UE capability for minimum separation between two slots in Rel-16.
· Recommended WF
· Option 2 is recommended.

	Issue 1-4-1:  whether to introduce minimum separation between two slots with CSI-RS resources

	Company
	Comments

	vivoXXX
	Option 2.
At this late stage, we should be cautious to add UE capability. In our understanding, to solve the issue that raised by the proponent of option 1, it is suggested to update the definition of maxNumberCSI-RS-RRM-RS-SINR. Previously it was defined as the maximal number of CSI-RS resources in a slot. It should be revised to maximal number of CSI-RS resources in any duration that equal to length of the slot.

	Huawei
	We support option 1b.
For option 2, in our view the min symbol/slot separation is different from time domain restriction. We agree that CSI-RS resources should be confined in a 5ms window, but it does not mean UE can measure all CSI-RS resources in all slots in the window with any configuration. With certain configurations e.g. the last CSI-RS symbol in slot n is consecutive with the first CSI-RS symbol in slot n+1, it is very challenging for UE to buffer and process the CSI-RS resources. Therefore, we suggest to define proper side conditions on CSI-RS symbol level configuration.
We are also fine with option 1a as it provides more comprehensive information on UE processing capability, and can accommodate option 2 if the min separation is 0.5 slot.

	MTK
	Support Option 2.
The requirement of “number of CSI-RS resource/beams to be monitored” already provide a guidance about the worst-case UE implementation complexity. 

	CMCC
	We support option 2.

	OPPO
	Support option 2.

	Nokia
	This depends on the discussion on time domain restriction. We can come back to it later. 

	NEC
	We support option 2

	Qualcomm
	Option1a or option1b are supported.
The concern is for protection in favor of UE. As we understand, maxNumberCSI-RS-RRM-RS-SINR is adopted for worst case number of CSI-RS resources that UE can guarantee measuring ONLY for RRM on a slot basis. However, it doesnot consider presence of other L1 measurements for CSI-RS if not CLI. 
To Huawei, 7 symbols may not be sufficient for SCS120khz due to shorter separation in time. So option1b may need extensions.

	CATT
	Support the recommended WF.

	ZTE
	Support Option 2

	Xiaomi
	Support option 2

	Qualcomm
	To make progress, we would compromise to option2 if issue 2-8-1 option1 could be agreed by companies.

	Apple
	Support option 2. 



Companies views’ collection for 1st round 
Open issues 
Moderator: please comment directly in the tables under the text of corresponding issues in clause 1.2. 
CRs/TPs comments collection
[bookmark: OLE_LINK21]Major close-to-finalize WIs and Rel-15 maintenance, comments collections can be arranged for TPs and CRs. For Rel-16 on-going WIs, suggest to focus on open issues discussion on 1st round.
	R4-2010073
	38.133 CR on UE measurement capability on the number of frequency layers to be monitored for CSI-RS measurement
	CMCC

	R4-2009844
	CR on CSI-RS based intra-frequency measurement requirement (Introduction, requirement applicability and number of cell and beams)
	CATT

	R4-2010335
	CR on introduction, applicablity and capability for CSI-RS inter-frequency measurement requirements.
	vivo



	CR/TP number
	Comments collection

	R4-2010073
	Huawei: The definition of CSI-RS frequency layer (Issue 1-1-2) and SSB frequency layer (Issue 1-1-3) should be specified based on the outcome of the discussion.Company A

	
	MTK: the exact number is pending on the outcome of discussion.Company B

	
	Nokia: Agree with MTK. Can come back to it when the exact numbers are concluded. 

	R4-2009844
	Huawei: Clarification is needed such that UE is not required to measure neighbor cell SSB for more than one CCs per FR2 band (as addressed in Issue 1-3-2).Company A

	
	MTK:
· (9.x.2.1) what is the intention to change from ‘indicated’ to ‘configured’? “the centre frequency of CSI-RS resources on the neighbour cell configured for measurement is the same as the centre frequency of CSI-RS resource on the serving cell configured for measurement”
The time-domain restriction part is still pending on the conclusion of discussion. But at least, there will be no “timing configuration per carrier” nor duration.Company B

	
	CATT: To HUAWEI, pending on the conclusion of issue 1-3-2
To MTK, (9.x.2.1) it is the agreement in last meeting ‘the centre frequency of CSI-RS resources on the neighbour cell configured for measurement is the same as centre frequency of CSI-RS resource on the serving cell indicated for measurement’. s
The time domain part is pending on the conclusion and can be updated accordingly.

	R4-2010335
	Huawei: Number of CSI-RS resources to be measured may need to be updated based on outcome of the discussion.Company A

	
	Company B

	
	




Summary for 1st round 
Open issues 
Moderator tries to summarize discussion status for 1st round, list all the identified open issues and tentative agreements or candidate options and suggestion for 2nd round i.e. WF assignment.
	
	Status summary 

	Sub-topic#1
	Tentative agreements:
Candidate options:
Recommendations for 2nd round:



	
	Status summary 

	Sub-topic#1-1
	Issue 1-1-1: Whether CSI-RS and SSB for mobility configured in the same MO are counted as 2 layers
Tentative agreements: (Agreements from GTW)
[bookmark: OLE_LINK12][bookmark: OLE_LINK13]Option 1: SSB and CSI-RS for mobility configured in the same MO should be considered as 2 layers.
· [bookmark: OLE_LINK6][bookmark: OLE_LINK11]UE can use timing and frequency measurements obtained on SSB frequency layer for CSI-RS frequency layer
Candidate options:
Option 1: (Apple, QC, vivo, Intel, CATT, CMCC, Nokia, DCM, OPPO):
SSB and CSI-RS for mobility configured in the same MO should be considered as 2 layers.
· UE can use timing and frequency measurements obtained on SSB frequency layer for CSI-RS frequency layer
Option 2: (MTK)
· SSB and CSI-RS for mobility configured in the same MO should be considered as 2 layers.
· For UE that support simultaneous processing capability of SSB and CSI-RS, the SSB and CSI-RS layers can be merged into 1 layer which only counted once in both measurement capability and the CSSF requirements if
· All CSI-RS are configured within the SMTC window configured in the same MO
· The SSB RBs configured in the same MO are covered by the CSI-RS BW
Recommendations for 2nd round:
FFS the scenario SSB and CSI-RS layers can be merged into 1 layer. 
[bookmark: OLE_LINK29][bookmark: OLE_LINK30]Compromise is expected from proponents of other options.

Issue 1-1-2:	Whether multiple MOs can be counted as one frequency layer
Tentative agreement：
Only one MO corresponding to one frequency layer is considered in R16 for requirements definition.
Note: multiple MO configuration is not precluded
FFS: Send LS to RAN1 and RAN2 and ask to increase the number of configurable CSI-RS resources per MO from 96 to 288.
[bookmark: OLE_LINK16]Candidate options: (Options from GTW)
· Option 1 (Apple, QC, vivo, Intel, CATT, MTK, CMCC, Nokia, DCM, OPPO):
· Only one MO corresponding to one frequency layer is considered in R16 for requirements definition
· Note: multiple MO configuration is not precluded
· Option 2 (ZTE, Huawei, NEC, CATT, MTK, CMCC, Nokia, DCM, OPPO):
· Only one MO corresponding to one frequency layer is considered in R16 for requirements definition
· Note: multiple MO configuration is not precluded
· Send LS to RAN1 and RAN2 and ask to increase the number of configurable CSI-RS resources per MO from 96 to 288 
Recommendations for 2nd round:
FFS: Send LS to RAN1 and RAN2 and ask to increase the number of configurable CSI-RS resources per MO from 96 to 288. 

Issue 1-1-3: How to count SSB frequency layers
[bookmark: OLE_LINK50]Tentative agreements:
 Option 1 as majority view is suggested
Candidate options:
Option 1: (Apple, Huawei, QC, vivo, Intel, CATT, MTK, CMCC, Nokia, DCM, OPPO, NEC, Xiaomi)
· Number of SSB layers should include SSB for mobility and that as associated SSB for CSI-RS mobility；
· the ssbfrequency is counted only once if the ssbfrequency for mobility and associated SSB are the same, or ssbfrequency and smtc in multiple MOs are the same.   
Recommendations for 2nd round:
Compromise is expected from proponents of other options.

Issue 1-1-4: Number of frequency layers to be monitored
Tentative agreements: 
Supported BY (Apple, Huawei, QC, vivo, Intel, CATT, MTK, CMCC, Nokia, DCM, OPPO, NEC, Xiaomi, ZTE) 
· UE shall be able to measure at least
· 1 SSB intra-frequency layer and 1 CSI-RS intra-frequency layer per serving cell
· 7 SSB inter-frequency layers and 7 CSI-RS inter-frequency layers
· 8 NR inter-frequency layers including SSB and CSI-RS in total, 
· 13 NR inter-frequency and inter-RAT layers in total
Recommendations for 2nd round: No more discussion is suggested

	
	



	
	Status summary 

	Sub-topic#1-2
	Issue 1-2-1:	number of cells to be monitored per layer
Tentative agreements: 
· The cells to be monitored based on CSI-RS can be the same set or a subset of the cells monitored based on SSB. 
Candidate options:
· Option 1: (Vivo, MTK, OPPO, Nokia, Qualcomm, CATT, Apple)
· Option 2: (Huawei, ZTE) 
Recommendations for 2nd round:
Compromises are expected from proponents of option 2. 
More discussion is expected for CR review (R4-2009844, R4-2010335)

	
	



	
	Status summary 

	Sub-topic#1-3
	Issue 1-3-1: number of CSI-RS resource/beams to be monitored 
Tentative agreements:
The number of CSI-RS resource/beams to be monitored can be at least 
· For intra-frequency measurement for FR1: 32
· For intra-frequency measurement for FR2: 32
· For inter-frequency measurement for FR1:
· Option 2: 24(Huawei, CMCC, CATT, ZTE, Xiaomi)
· Option 3: 14(vivo, CMCC, OPPO, Qualcomm, Apple)
· For inter-frequency measurement for FR2: 24
Candidate options:
· For inter-frequency measurement for FR1
· Option 2: 24(Huawei, CMCC, CATT, ZTE, Xiaomi)
· Option 3: 14(vivo, CMCC, OPPO, Qualcomm, Apple)
Recommendations for 2nd round:
FFS on CSI-RS resource for inter-frequency measurement for FR1

Issue 1-3-2: Neighbor cell CSI-RS resource measurement in FR2
Tentative agreements: 
Option1 as Majority view is suggested
Candidate options:
· Option 1 (MTK, OPPO, Huawei, Qualcomm, vivo, CATT, Apple):
For each FR2 band, UE is required to measure neighbour cell CSI-RS on one CSI-RS layer, whose associated SSB should be on the same SSB layer as the one where UE is required to measure neighbour cell SSB
Recommendations for 2nd round:
Compromise is expected from opponents of option 1.
FFS if it is also applicable to FR1



	
	Status summary 

	Sub-topic#1-4
	Issue 1-4-1: Whether to introduce minimum separation between two slots
Tentative agreements: N/A
Option2 as Majority view is suggested, 
· Option 2: With time domain restriction introduced for CSI-RS resource configurations, do not introduce UE capability for minimum separation between two slots in Rel-16.
Candidate options:
· Option 2: No (vivo, MTK, CMCC, OPPO, NEC, CATT, ZTE, Xiaomi, Qualcomm, Apple)
· With time domain restriction introduced for CSI-RS resource configurations, do not introduce UE capability for minimum separation between two slots in Rel-16.
· Option 1b (Huawei): 
· CSI-RS requirements apply provided that CSI-RS resources in any two consecutive slots are separated by at least 7 symbols.
Recommendations for 2nd round: 
Compromise is expected from proponents of option 1b.
FFS whether/how to address UE process capability.




Recommendations on WF/LS assignment 
	
	WF/LS t-doc Title 
	Assigned Company,
WF or LS lead

	[bookmark: _Hlk48864932]#1
	Way forwards on CSI-RS L3 measurement capability (sub-topic 1-1, 1-2, 1-3, 1-4, 2-5, 2-6)
	Apple



	#2
	LS on number of configurable CSI-RS resources per MO
	Huawei



CRs/TPs
Moderator tries to summarize discussion status for 1st round and provides recommendation on CRs/TPs Status update 
	CR/TP number
	CRs/TPs Status update recommendation  

	R4-2010073
	To be revised. To resolve the concerns in 1st round discussion and return to.  

	R4-2009844
	To be revised. To resolve the concerns in 1st round discussion and return to.

	R4-2010335
	To be revised. To resolve the concerns in 1st round discussion and return to. 



Discussion on 2nd round (if applicable)

Summary on 2nd round (if applicable)
Moderator tries to summarize discussion status for 2nd round and provided recommendation on CRs/TPs/WFs/LSs Status update suggestion 
	CR/TP/LS/WF number
	T-doc  Status update recommendation  

	XXX
	Based on 2nd round of comments collection, moderator can recommend the next steps such as “agreeable”, “to be revised”



Topic #2: Measurement requirements for CSI-RS intra-frequency and inter-frequency measurements
Main technical topic overview. The structure can be done based on sub-agenda basis. 
Companies’ contributions summary
	T-doc number
	Company
	Proposals / Observations

	R4-2009762
	Xiaomi
	Proposal 1: The cell identification requirements shall be defined with and without associated SSB index respectively.
Proposal 2: It is not necessary to introduce a longer tuning time for CSI-RS based measurement.
Proposal 3: Rx beam sweeping from serving cell to target cell shall be considered for CSI-RS based measurement in FR2.
Proposal 4: Rx beam sweeping from associated SSB detection to CSI-RS measurement shall not be considered for CSI-RS based inter-frequency measurement in FR2 in Rel-16.
Proposal 5: The time domain restriction for CSI-RS resource configuration is introduced as follows:
· CSI-RS resources are configured in 5ms window
· CSI-RS periodicities for L3 measurement : [10,20,40] ms
· Only one CSI-RS periodicities can be configured for CSI-RS frequency layer
Proposal 6: Introduce a new UE capability to support the mixed numerology between data/SSB of serving cell and CSI-RS of neighbour cell.
Proposal 7: If UE does not support to receive simultaneous SSB/data of serving cell and CSI-RS signal of neighbour cell, then the UE is not expected to transmit or receive on CSI-RS symbol to be measured, and on 1 data symbol before each consecutive CSI-RS symbols to be measured and 1 data symbol after each consecutive CSI-RS symbols to be measured.
Proposal 8: For CSI-RS measurement on FR2 intra-frequency cell, UE is not expected to transmit or receive on CSI-RS symbol to be measured, and on 1 data symbol before each consecutive CSI-RS symbols to be measured and 1 data symbol after each consecutive CSI-RS symbols to be measured.
Proposal 9: In case there is the collision between UL transmission and CSI-RS based measurement on neighbour cell in a TDD band, UE is not expected to transmit or receive on CSI-RS symbol to be measured. And additionally, considering the timing misalignment between serving cell and neighbour cell, UE is not expected to transmit or receive on 1 data symbol before each consecutive CSI-RS symbols to be measured and 1 data symbol after each consecutive CSI-RS symbols to be measured.


	R4-2009842
	CATT
	Proposal 1: The CSI-RS based RRM measurement requirements are applied when the CSI-RS is configured in 5ms window and the periodicity of CSI-RS resources is the same. 
Proposal 2: The start of time window is the first symbol of first CSI-RS resource after UE is configured to perform CSI-RS based measurement. 
Proposal 3: Introduce new UE capability to indicate simultaneous reception of CSI-RS of neighbour cell and SSB of serving cell. 
Proposal 4: It is proposed to specify the CSI-RS based intra and inter frequency measurement requirements as following
· For CSI-RS intra-frequency measurement, 
        T CSI-RS_identify_intra= (TPSS/SSS_sync + T CSI-RS_measurement_period_intra + TSSB_time_index) ms
TSSB_time_index is the time period used to acquire the index of the SSB;
[bookmark: _Hlk48229118]when deriveSSB-IndexFromCell is not enabled, TSSB_time_index is indicated in section 9.2.5.1 or section 9.3.4;
when deriveSSB-IndexFromCell is enabled, TSSB_time_index = 0.
· For inter-frequency CSI-RS measurement, 
        T CSI-RS_identify_inter= (TPSS/SSS_sync + T CSI-RS_measurement_period_inter + TSSB_time_index) ms
TSSB_time_index is the time period used to acquire the index of the SSB; 
when deriveSSB-IndexFromCell is not enabled, TSSB_time_index is indicated in section 9.2.5.1 or section 9.3.4;
when deriveSSB-IndexFromCell is enabled, TSSB_time_index = 0. 
Proposal 5: RX beam sweeping is also needed when CSI-RS is QCL-ed to the associated SSB. 
Proposal 6: If UE is not able to support mixed numerology of data/SSB and CSI-RS L3 mobility, UE is not expected to transmit or receive on CSI-RS symbols to be measured, and on 1 data symbol before and after CSI-RS resource symbol to be measured. 
Proposal 7: If UE is required to perform CSI-RS based measurement in FR2, UE is not expected to transmit or receive on CSI-RS symbols to be measured, and on 1 data symbol before and after CSI-RS resource symbol to be measured. 
Proposal 8: When the UE performs CSI-RS based intra-frequency measurements in a TDD band, UE is not expected to transmit on CSI-RS symbols to be measured, and on 1 data symbol before and after CSI-RS resource symbol to be measured. 
Proposal 9: Dedicated searcher(s) is assumed for CSI-RS based measurement.
Proposal 10: Adopt the TP shown in Annex for CSSFoutside_gap,i,csi-rs and CSSFwithin_gap,i for CSI-RS based measurement. 


	R4-2009844
	CATT
	

	R4-2010066
	CMCC
	Cell identification requirements
Proposal 1: if the time-domain restriction is introduced, the time-domain restriction could be taking the first CSI-RS resource detected by UE as starting-point, and UE only need to measure the CSI-RS resources transmitted within [5] ms from the starting-point.
Scheduling restriction
Proposal 2: it is proposed to specify the scheduling availability for CSI-RS based measurement without measurement gaps, and the scheduling availability specified for SSB based measurement can be used as baseline.
Proposal 3: for the number of impacted data OFDM symbols due to scheduling restriction, if the timing of the target cell is aligned with the serving cell timing, only 1 data symbol is interrupted, otherwise, 2 data symbols are interrupted.

	R4-2010181
	LG Electronics UK
	[bookmark: OLE_LINK45][bookmark: OLE_LINK46]Proposal 1: In FR1 TDD band, UE is not expected to transmit on CSI-RS symbols to be measured, and on 1 data symbol before each consecutive CSI-RS symbols to be measured and 1 data symbol after each consecutive CSI-RS symbols to be measured.
Proposal 2: If UE is able to support mixed numerology of data, UE is not expected to transmit or receive on CSI-RS symbols to be measured, and on 1 data symbol before each consecutive CSI-RS symbols to be measured and 1 data symbol after each consecutive CSI-RS symbols to be measured.
Proposal 3: When UE performs Rx beam sweeping, UE is not expected to transmit or receive on CSI-RS symbols to be measured, and on 1 data symbol before each consecutive CSI-RS symbols to be measured and 1 data symbol after each consecutive CSI-RS symbols to be measured.
Proposal 4: Network should configure L1 measurement resource to avoid collision with CSI-RS L3 measurement resource of neighbour cell.


	R4-2010313
	MediaTek inc.
	Proposal 1: Do not introduce 2 different requirements for with index and with index.
Proposal 2: The tuning time of inter-frequency gap for CSI-RS measurement is the same as those for SSB measurement.
Proposal 3: For FR2, Rx beam sweeping is always allowed for CSI-RS based L3 measurement.
Proposal 4: When UE is not able to support mixed numerology between data and CSI-RS L3 mobility, UE is not expected to transmit or receive on data OFDM symbols overlapped by CSI-RS resource symbols to be measured.
Proposal 5: When UE performs CSI-RS intra-frequency measurements in a TDD band, UE is not expected to transmit on data OFDM symbols overlapped by CSI-RS resource symbols to be measured as well as by the T2R and R2T switching time before and after the CSI-RS resource symbols.
Proposal 6: In FR2 UE is not expected to receive the data on the symbol carrying the CSI-RS to be measured due to Rx beam sweeping.
Proposal 7: Limit CSI-RS symbols to be confined in the SMTC duration of the same MO.
Proposal 8: The CSI-RS BW should always cover the SSB configured in the same MO.
Proposal 9: For CSSF outside gap, assume one single engine for CSI-RS based L3 measurement is implemented in UE as the baseline.
Proposal 10: CSSF outside gap equals the number of intra-frequency layers with CSI-RS measurement configured.
Proposal 11: With proper time-domain and frequency-domain restriction, RAN4 can directly extend the current SSB-based CSSF within gap requirement to CSI-RS measurement with only minor modifications.

	R4-2010314
	MediaTek inc.
	

	R4-2010333
	vivo
	Proposal 1: Between the selection among w/ wo dedicated searcher for CSI-RS based L3 measurement, if no quick convergence in the first round can be achieved, we suggest to consider the worst case for each RRM requirements.
Proposal 2 If asynchronous deployment requirement can be delay to R17, there is no need to specify period for SSB index acquisition in R16, i.e. TSSB_time_index = 0.
Proposal 3 If asynchronous deployment requirement need to be specified in R16, prefer to specify both with index and without index requirements, which are the same as SSB based requirements.
Proposal 4 CSI-RSs that used for inter-frequency L3 measurement are confined in the corresponding SMTCs configured in the MO for the inter-frequency layer.
Proposal 5 CSI-RSs that used for intra-frequency L3 measurement are confined in a time window up to 10ms including the SMTC and the 5ms window after SMTC, where the corresponding SMTC is configured in the MO for the intra-frequency layer.
Proposal 6 The tuning time of inter-frequency GAP of CSI-RS measurement shall be equal to the gap switch time for measuring the inter-frequency SSBs.
Proposal 7 The periodicity of CSI-RS resources for mobility measurement need to be the same as SMTC periodicity on that frequency layer.
Proposal 8 Rx beam sweeping is needed if CSI-RSs from more than one cells are indicated to be measured in the same OFDM symbol, and the requirement is scaled by a factor N, where N equals to the number of cell.
Proposal 9 No requirement if neighbour CSI-RS for mobility that indicated for measurement collides with serving cell measurement for RLM/BFD or other CSI-RS L1 measurement.
Proposal 10: For both Rx beam sweeping and the case that UE is not able to support different numerology between data and CSI-RS for mobility, scheduling restriction is needed and the same approach of SSB can be re-used.
Proposal 11: The scheduling restriction for associated SSB should also be specified, and the existing SSB requirements can be re-used. 
Proposal 12: Prefer to delay definition of scheduling restriction for asynchronous deployment to R17.
Proposal 13: For CSI-RS based L3 measurement, reuse SSB-based CSSF as much as possible.
Proposal 14: The associated SSB need to be considered carefully in the CSSF definition of CSI-RS based measurement.
Proposal 15: At least CSI-RS fully overlapped with gap should be avoided by network configuration, i.e. no requirement for this case.

	R4-2010335
	vivo
	

	R4-2010387
	Nokia, Nokia Shanghai Bell
	Proposal1: In Rel16, the CSI-RS based cell identification includes the period to acquire the index of associatedSSB.
Proposal2: The CSI-RS based measurement period for intra-frequency measurement is defined based on 3 samples for {D=3 & 48PRB} and {D=1 & 96PRB} given SNR = -6dB. 
Proposal3: It is up to RAN2 to discuss whether CSI-RS based measurement window is required or not.    
Proposal4: The CSI-RS based RRM measurement is at least restricted by DRX configuration in time domain. 
Proposal5: If the UE does not support concurrent CSI-RS measurements in neighbor cell and PDSCH/PDCCH reception in serving cell with a different numerology, the following restrictions shall apply and the UE capability shall be defined:
  -	The UE is not expected to transmit PUCCH/PUSCH/SRS or receive PDCCH/PDSCH/TRS/CSI-RS for CQI on the CSI-RS resource to be measured, and on 1 data symbol before each CSI-RS resource to be measured and 1 data symbol after each CSI-RS resource to be measured.
Proposal6: There is no requirement if the associatedSSB does not fall within the SMTC1.
Proposal7: If the CSI-RS based measurement is in the same OFDM symbol as the SSB-based measurement for the neighbor cell, the measurement restriction follows the same principle as defined for L1-RSRP measurements.  
Proposal8: A separate UE capability shall be defined to indicate whether the UE supports the concurrent SSB-based measurements in serving cell and CSI-RS based measurements in neighbor cell.    
Proposal9: RAN4 needs to discuss how to capture the impact due to preemption when defining the measurement requirements.   

	R4-2010391
	Nokia, Nokia Shanghai Bell
	

	R4-2010578
	NTT DOCOMO, INC.
	Observation 1: If the associated SSB is configured,  UE is assumed to perform PBCH reading, i.e. PSS/SSS detection and SSB index acquisition.
Proposal 1: The delay requirement for the case with index should include TPSS/SSS_sync and TSSB_time_index.
Observation 2: If deriveSSB-IndexFromCell is configured and the SSB from the target cell can be detected, UE can skip PBCH decoding because the cells on the same frequency carrier are assumed to be synchronized with each other and the SSB-index information can be reused for target cell.
Proposal 2: The delay requirement for the case without index can ignore TPSS/SSS_sync and TSSB_time_index.
[bookmark: _Hlk48229041]Proposal 3: 2 different delay requirements for the cases with index and without index should be specified.
Observation 3: For intra-frequency measurements in a TDD band, since frame boundary shall be aligned between measured CSI-RS and other data symbol tightly, there is no scheduling restriction on the OFDM symbol just before or after CSI-RS.
Observation 4: When the associated SSB is configured, UE could try Rx beam based on the SSB before measurement.
Proposal 4: Scheduling restriction is unnecessary for the following 2 cases.
· intra-frequency measurements in a TDD band
· when UE performs RX beam sweeping

	R4-2010714
	OPPO
	Proposal 1：UE is not required to perform dedicated Rx beam sweeping for CSI-RS based L3 measurement in Rel-16.
Proposal 2: Do not introduce 2 different requirements for with index and without index.
Proposal 3: The tuning time of inter-frequency GAP is equal to the gap switch time for measuring inter-frequency SSBs.
Proposal 4: Support to confine CSI-RS resources within SMTC of the associatedSSB and the corresponding periodicity should follow SMTC periodicity≤40ms.
Proposal 5: When UE performs CSI-RS intra-frequency measurements in a FR1 TDD band, UE is not expected to transmit and receive on X data OFDM symbols impacted by CSI-RS resource symbol to be measured, i.e., X=2.
Proposal 6: If UE is not able to support mixed numerology of data and CSI-RS L3 mobility, the following scheduling restrictions apply due to intra-frequency CSI-RS based L3 measurement:
· if the associatedSSB is configured, UE is not expected to transmit or receive on Y data OFDM symbols impacted by CSI-RS resource symbol to be measured, i.e., Y=2.
· if the associatedSSB is not configured, no requirements apply.

	R4-2010715
	OPPO
	

	R4-2011115
	Huawei, Hisilicon
	Proposal 1: If a UE is configured with CSI-RS-Resource-Mobility with associatedSSB and ssb-ConfigMobility, or configured with only CSI-RS-Resource-Mobility with associatedSSB in one MO, the MO is regarded as 1 SSB MO and 1 CSI-RS MO.
Proposal 2: The restriction that all CSI-RS resources are confined within SMTC ocassions is not reasonable.
Proposal 3: For CSSF within gap, both CSI-RS MOs and SSB MOs participant in the gap competition.
Proposal 4: There is no additional searcher for CSI-RS measurement.
Proposal 5: For CSSF outside gap, if it can be guaranteed that CSI-RS resources and SSB are not concurrent in the same OFDM symbol, the CSSF outside gap for CSI-RS and SSB can only consider SSB MO; otherwise, the CSSF outside gap for CSI-RS and SSB shall consider both SSB MO and CSI-RS MO.
Proposal 6: when UE is indicated that the target cell is synchronous with the serving cell (deriveSSB-IndexFromCell is enabled), the CSI-RS intra-frequency measurement is defined as
          T CSI-RS_identify_intra= (TPSS/SSS_sync + TSSB_time_index +T CSI-RS_measurement_period_intra) ms,
otherwise,
T CSI-RS_identify_intra= (TPSS/SSS_sync + T CSI-RS_measurement_period_intra) ms
Proposal 7: CSI-RS inter-frequency measurement is defined as
          T CSI-RS_identify_inter= (TPSS/SSS_sync + TSSB_time_index +T CSI-RS_measurement_period_inter) ms.
Proposal 8: 8 samples are needed for both PSS/SSS detection and CSI-RS measurement period when defining inter-frequency CSI-RS measurement.
Proposal 9: The tuning time for CSI-RS based measurements that are outside UE’s active BWP can be defined as a UE capability.
Proposal 10: In FR2 UE is required to perform Rx beam sweeping for CSI-RS based L3 measurement, although CSI-RS is QCL-ed to the associatedSSB.
Proposal 11: If UE is not able to support mixed numerology of data and CSI-RS L3 mobility, the following scheduling restrictions apply due to CSI-RS based L3 intra-frequency measurement:
-if the associatedSSB is configured, UE is not expected to transmit or receive on 2 data OFDM symbols impacted by CSI-RS resource symbol to be measured.
-if the associatedSSB is not configured, UE is not expected to transmit or receive on the data OFDM symbol impacted by the CSI-RS resource symbol to be measured, provided timing difference between the CSI-RS resource and the serving cell should be less than half CP corresponding to the SCS of the CSI-RS.
Proposal 12: When UE performs CSI-RS intra-frequency measurements in a TDD band, UE is not expected to transmit and receive on 2 data OFDM symbols impacted by CSI-RS resource symbol to be measured.
Proposal 13: Scheduling restriction shall be considered when UE performs RX beam sweeping.

	R4-2011116
	Huawei, Hisilicon
	

	R4-2011316
	ZTE
	Proposal 1: Not to introduce new UE capability on the simultaneous reception of CSI-RS of neighbour cell and SSB of serving cell.
Proposal 2: Introduce 2 different requirements for both with and without SSB index detection.
Proposal 3: Introduce UE capability if RF retuning time for SSB based measurement within gap cannot be reused.
Proposal 4: CSI-RS resources for inter inter-frequency measurement with measurement gaps are confined within measurement gap length excluding RF retuning timing.
Proposal 5: CSI-RS resources for inter intra-frequency measurement without measurement gaps are confined within a 5ms window.
Proposal 6: Mixed numerology case is not valid for CSI-RS based intra frequency measurement.
Proposal 7: The corresponding timing of CSI-RS resources should assume the same as the timing of the cell given by the cellId of the CSI-RS resource configuration
Proposal 8: UE is not expected to transmit or receive on [2] data OFDM symbols impacted by CSI-RS resource symbols to be measured during intra frequency measurement.
Proposal 9: Rx beam sweeping is not needed in FR2.
Proposal 10: Do not define L3 CSI-RS measurement requirements if there is collision with L1 CSI-RS measurements.
Proposal 11: dedicated searcher is assumed for CSI-RS measurement.

	R4-2010716
	OPPO
	Proposal 1: If a new capability for UE supporting different SCS in source and target cells is defined in Rel-16 NR mobility measurement, reuse it for CSI-RS L3 measurement.
Otherwise, introduce a dedicated new capability of simultaneous reception of CSI-RS of neighbor cell and SSB of serving cell for CSI-RS L3 measurement.
 Proposal 2: Do not introduce UE capability for minimum separation between two slots in Rel-16. 

	R4-2011338
	Qualcomm
	ProposalA: A baseline WID compliant UE supports CSI-RS based L3 measurements and assumes single FFT based on the same timing and/or same Rx beam for the serving cell. 
Proposal1: Rel-16 doesnot introduce the CSI-RS configuration of {D=1 with PRBs ≥ 96}, or the topic can be deprioritized. 
Observation1: WF[2] of 95e provides the agreement that “UE is not required to perform CSI-RS based L3 measurement when associated SSB is not QCLed with CSI-RS for FR2” .
Proposal2: In Rel-16, UE is not required to perform Rx beam sweeping for CSI-RS based L3 measurement and the specification of performance requirement i.e. the time period for CSI-RS based measurement.
Observation2: The scenario in FFS2 has been unnecessarily complicated and potentially deviated from the WID in the context of Rel-16, which could increase the spec definition effort substantially.
Proposal3: For the scenarios in FFS2 that incur conflicts of timings and Rx beams to measure the CSI-RS resources, requirements are not defined for the baseline UE.
Proposal3.1: Complex scenarios shall also be avoided in the specification of test cases in Rel-16. E.g. resources of the neighbor cells with large difference in the cell timings and AOAs shall not be configured at the same time.
Proposal3.2: RAN4 may discuss introducing a UE capability on whether a UE supports adjusting the timing alternatively to prioritize the measurement on neighbor cells.
Observation2.1: When UEs adjusts its timing for measuring neighbor cells instead of keeping the serving cell timing, scheduling restrictions will have to be introduced but can cause serving cell interruptions.
Proposal4: New UE capability for simultaneous reception of CSI-RS of neighbour cell and SSB of serving cell is not necessary as existing UE capability SimultaneousRxDataSSB-DiffNumerology is sufficient. 
Proposal5: minSeparationTimeCSI-RS-RRM reserves the minimal amount of time to complete the processing of the measurements before NW can schedule additional resources in next CSI-RS slot for RRM purpose.
Proposal5.1: Send a LS to RAN2 about this new UE capability of minSeparationTimeCSI-RS-RRM.
Proposal6: CSI-RS layers and SSB layers are relatively less related. Associated SSBs of CSI-RS resource shall be included for counting SSB layers so they are monitored properly.
Propsoal7: We recommend one MO per frequency layer is considered in Rel-16.
Proposal8: RAN4 to agree on the number of CSI-RS resources/beams.
Propsoal9: RAN4 can consider defining the cell identification time for CSI-RS based measurement for mobility based on whether deriveSSB-IndexFromCell is enabled.
Observation3: MG for CSI-RS based measurement is handled differently from that of SSB based measurement as additional time is needed to retune the shared wideband processor. Thus extra margin needs to be reserved for GAP tune-in and tune-out time for processing CSI-RS inter-frequency measurements.
Proposal10: the time domain restriction is needed on inter-frequency CSI-RS resources. No CSI-RS resources in the beginning or last [2*2^u] symbols within the inter-frequency CSI-RS measurement window, where u represents the numerology.
Observation4: the intra-frequency CSI-RS resources are confined in an intra-frequency measurement window.  Location of such a window shall avoid the configured gap. If UE doesnot support simultaneous SSB and CSI-RS processing, the location of such a window shall further avoid SMTC windows’ location as well. Then existing CSSF outside the gap need not any changes for SSB based measurement.
Proposal11: Configuration of intra-frequency CSI-RS resources shall be confined in a window which doesnot overlap with configured gap.  
Proposal11.1: For simplicity, the intra-frequency CSI-RS measurement window doesnot overlap with the configured SMTC window in Rel-16. 
Observation4.1: inter-frequency CSI-RS MOs will share the gap with SSB MOs. Unlike intra-frequency CSI-RS resources, the inter-frequency CSI-RS measurement window shall be configured to overlap with the SMTC window and the configured gap to allow the gap-based measurement.
Observation4.2: one MO per layer helps to simplify the derivation of CSSF within the gap when including the inter-frequency CSI-RS MOs in addition to the SSB MOs.
Observation4.3: dedicated CSI-RS processor may not ensure CSI-RS resource can be processed in parallel to SSB measurement due to the RF conflict. For some UEs, such a dedicated processor is not even supported. So RAN4 can only assume either SSB or inter-frequency CSI-RS MO can be measured but not both within the gap.
Proposal11.2: Configuration of inter-frequency CSI-RS resources shall be confined in a measurement window per layer/MO. Such a window shall be located within the configured gap and thus overlapped with SMTC window.
Proposal11.3: RAN4 considers the simplest case where only one MO, SSB or inter-frequency CSI-RS based, can be measured within each gap instance when deriving the CSSF within the gap to include the inter-frequency CSI-RS MOs.
Observation5: Notion of supporting a mixed numerology of data and CSI-RS L3 is not compliant with the WID single FFT assumption [5].
Proposal12: Assume the baseline UE for defining the requirements, Rel-16 doesnot introduce scheduling restriction on the serving cell PDCCH/PDSCH/TRS/CSI-RS for CQI over the intra-frequency CSI-RS symbols for L3 purpose to avoid interruptions in the serving cell.
Proposal13: The UE is not expected to transmit PUCCH/PUSCH/SRS on CSI-RS symbol to be measured and on 1 OFDM symbol before each CSI-RS symbol to be measured and 1 OFDM symbol after each CSI-RS symbol to be measured within the configured slot as indicated in slotConfig of the corresponding intra-frequency CSI-RS resource.
Proposal14: The UE is not expected to receive PDCCH/PDSCH/TRS/CSI-RS for CQI on CSI-RS symbols to be measured on 1 OFDM symbol before each CSI-RS symbol to be measured and 1 OFDM symbol after each CSI-RS symbol to be measured within the configured slot as indicated in slotConfig of the corresponding intra-frequency CSI-RS resource in FR2.
Proposal15: The collision between L1 measurement and CSI-RS L3 measurement shall be resolved by introducing the time-domain restrictions on the CSI-RS resources configuration.
Observation6: CSSF outside the GAP is applicable to intra-frequency CSI-RS based measurement and CSSF within the GAP applies to the inter-frequency CSI-RS based measurement.
Proposal16: RAN4 needs to firstly agree on introducing the CSI-RS L3 measurement window as the restriction on the time domain configuration. CSSFs can then be derived for intra-frequency measurement outside the MG and inter-frequency measurement within the MG.
Proposal17: CSSF outside the gap doesnot need changes while the CSSF within the gap may be modified if inter-frequency CSI-RS MOs and SSB based MOs are to share the configured gap.
Proposal18: RAN4 shall consider requirements only defined if the timing difference between serving and neighbor cell including cell phase synchronization is guaranteed to be less than half CP length.
Observation7: NW’s measurement configuration could be restricted to avoid different cells’ resources at the same time. The limitation is UE can ONLY follow one alternative timing other than the serving cell timing due to single FFT constraint and serving cell is subject to interruptions on CSI-RS symbols.



Open issues summary
Before e-Meeting, moderators shall summarize list of open issues, candidate options and possible WF (if applicable) based on companies’ contributions.
[bookmark: OLE_LINK19][bookmark: OLE_LINK20]In RAN#88-e plenary meeting, the exception sheet for CSI-RS based L3 measurement(RP-201340) has been approved. And the following open issues are aimed to be concluded in this meeting:
	· Scope of requirement
· whether UE is required to perform Rx beam sweeping for CSI-RS based L3 measurement
· UE capability
· New UE capability on the simultaneous reception of CSI-RS of neighbour cell and SSB of serving cell
· New UE capability for minimum separation between two slots
· Note: can be handled with low priority
· Cell identification requirement
· whether to introduce 2 different requirements for with index and without index
· the tuning time of inter-frequency GAP
· time-domain restriction on CSI-RS resources configuration 
· note: CMTC for CSI-RS L3 measurement is out of scope
· Scheduling restriction
· when UE is not able to support mixed numerology of data and CSI-RS L3 mobility
· when UE performs CSI-RS intra-frequency measurements in a TDD band
· when UE performs RX beam sweeping
· The collision case between L1 measurement of serving cell and CSI-RS L3 measurement of neighbour cell
· CSSF for CSI-RS based measurement within measurement gap and outside of measurement gap. 



Sub-topic 2-1: Measurement delay
Sub-topic description
Open issues and candidate options before e-meeting:
Issue 2-1-1: How to define requirements for with index and without index
· Proposals
· Option 1: Keep the last agreement 
· T CSI-RS_identify_intra = (TPSS/SSS_sync + T CSI-RS_measurement_period_intra + TSSB_time_index) ms
· T CSI-RS_identify_inter = (TPSS/SSS_sync + T CSI-RS_measurement_period_inter + TSSB_time_index) ms
If UE has already detected the SSB of the target cell and deriveSSB-IndexFromCell is indicated, UE can skip PBCH decoding, i.e., TSSB_time_index = 0 and TPSS/SSS_sync = 0.
· Option 2:  
· Option 2a: 
· If deriveSSB-IndexFromCell is configured and the SSB from the target cell can be detected,
· T CSI-RS_identify_intra_without_index = TPSS/SSS_sync + T CSI-RS_measurement_period_intra
· T CSI-RS_identify_inter_without_index = TPSS/SSS_sync + T CSI-RS_measurement_period_inter
· If deriveSSB-IndexFromCell is not configured
· T CSI-RS_identify_intra_with_index = (TPSS/SSS_sync + T CSI-RS_measurement_period_intra + TSSB_time_index) ms
· T CSI-RS_identify_inter_with_index = (TPSS/SSS_sync + T CSI-RS_measurement_period_inter + TSSB_time_index) ms
· Option 2b: 
· If deriveSSB-IndexFromCell is configured and the SSB from the target cell can be detected,
· T CSI-RS_identify_intra_without_index = T CSI-RS_measurement_period_intra
· T CSI-RS_identify_inter_without_index = T CSI-RS_measurement_period_inter
· If deriveSSB-IndexFromCell is not configured
· T CSI-RS_identify_intra_with_index = (TPSS/SSS_sync + T CSI-RS_measurement_period_intra + TSSB_time_index) ms
· T CSI-RS_identify_inter_with_index = (TPSS/SSS_sync + T CSI-RS_measurement_period_inter + TSSB_time_index) ms
· Option 3: 
· [bookmark: OLE_LINK39][bookmark: OLE_LINK40]If asynchronous deployment requirement can be deferred to R17, there is no need to specify period for SSB index acquisition in R16, i.e. TSSB_time_index = 0.
· If asynchronous deployment requirement need to be specified in R16, prefer to specify both with index and without index requirements, which are the same as SSB based requirements.
· Recommended WF
· Tentative agreement: Option 1

	Issue 2-1-1: How to define requirements for with index and without index

	Company
	Comments

	vivoXXX
	Support both option 1 and option 3.
Some more clarifications on option 3:
If asynchronous network is not supported in R16, i.e. the case that deriveSSB-IndexFromCell is not indicated should have no requirements in R16, then option 3 is identical to option 1.
If asynchronous network is supported in R16, i.e. there are both cases for deriveSSB-IndexFromCell is configured and not configured, then the requirement can simply re-use SSB-based approach, i.e. both with index and without index are specified.
We prefer not to specify asynchronous network in R16 and therefore we prefer option 1 slightly, with the clarification that “the case that deriveSSB-IndexFromCell is not indicated should have no requirements in R16”.

	Huawei
	1. Option 1 emphasizes ‘the SSB is already detected’, while option 2 emphasizes ‘associated SSB can be detected’ which means the SSB is detectable. They are not conflict.
2. [bookmark: OLE_LINK198][bookmark: OLE_LINK199]deriveSSB-IndexFromCell is only applied for the cells on the same frequency. For the inter-frequency CSI-RS measurement, UE shall perform PSS/SSS detection and PBCH decoding to get the full timing information of the associatedSSB. After the timing information is acquired, the CSI-RS based measurement is performed. So the time index reading shall be performed in inter-frequency CSI-RS measurement regardless of deriveSSB-IndexFromCell, 
T CSI-RS_identify_inter= TPSS/SSS_sync + T CSI-RS_measurement_period_inter + TSSB_time_index
In summary the intra-frequency and inter-frequency CSI-RS measurement requirements can be defined as below,
· If deriveSSB-IndexFromCell is configured and the SSB from the target cell can be detected,
· T CSI-RS_identify_intra = TPSS/SSS_sync + T CSI-RS_measurement_period_intra
· T CSI-RS_identify_inter = TPSS/SSS_sync + T CSI-RS_measurement_period_inter +TSSB_time_index
· If deriveSSB-IndexFromCell is not configured
· T CSI-RS_identify_intra = TPSS/SSS_sync + T CSI-RS_measurement_period_intra + TSSB_time_index
· T CSI-RS_identify_inter = TPSS/SSS_sync + T CSI-RS_measurement_period_inter + TSSB_time_index
After the associatedSSB is detected, the measurement period of CSI-RS measurement period is T CSI-RS_measurement_period_intra , T CSI-RS_measurement_period_inter respectively.


	MTK
	Support Option 1.
In Rel-15, the reason to have 2 requirements for w/ and w/o SBI was depending on network’s request, not on whether UE needs to do SBI acquisition. One very simple example is that if network requests UE report beam-level information in a TDD band, then UE does not need to do SBI acquisition. However, we still capture this case as ‘with index’ in Rel-15 and later clarify in which case the SBI acquisition can be skipped. 
In Rel-16 CSI-RS measurement, we should follow the same logic here: Depending on whether SBI is required in the measurement processing or not, rather than whether UE needs to read SBI. Since SBI information is always needed in CSI-RS measurement, there is no intention to introduce 2 requirements for w/ and w/o index here.

	Docomo
	Firstly, we would clarify the UE behavior in the case that deriveSSB-IndexFromCell is configured. 
To our understanding, in such case, not only TSSB_time_index but also TPSS/SSS_sync can be skipped because UE has already indicated that the serving cell and the neighbor cell are assumed to be synchronized. If our understanding is correct, we prefer option 1 and option 2b because they seem to align with our understanding. Otherwise, for example if PSS/SSS detection is necessary, we support option 2a.

	CMCC
	It seems that companies’ share the similar view that if some condition is met (e.g. deriveSSB-IndexFromCell is indicated, UE has already detected the SSB of the target cell), TSSB_time_index = 0 and/or TPSS/SSS_sync = 0, the differentiation is just how to structure the requirements in the spec. We do not have strong opinion on the candidate options, as long as the conditions with which TSSB_time_index = 0 and/or TPSS/SSS_sync = 0 are clearly captured in the spec. To move forward, we support moderator’s recommended WF (option 1).

	OPPO
	Support option 1.
To DOCOMO, in our understanding, if UE has detect associated SSB of the target cell and the serving cell and the neighbor cell are assumed to be synchronized, TPSS/SSS_sync  is not needed.
To Huawei, we do not see the difference of whether to acquire SSB index (TSSB_time_index) between intra- and inter-frequency measurement. Except that, I am also ok with your proposal. 

	Nokia
	Support the recommended WF.

	Qualcomm
	Option1 is agreeable. 
Btw if TPSS/SSS_sync = 0 is agreeable besides TSSB_time_index = 0, shall we revise existing intra-frequency cell identification based on SSB as well?

	CATT
	Support option 1. In our understanding, the SSB index is always needed for CSI-RS based measurement. So unified formula can be defined. But the TSSB_index can have different value according to whether the deriveSSB-IndexFromCell is indicated. TSSB_index=0 when deriveSSB-IndexFromCell is enabled, otherwise, TSSB_time_index defined in section 9.2.5.1 or section 9.3.4 in 38.133 can be used.
Actually we think the option 1 and option 2 has no difference in essence, they are just in different ways of description only if the condition is clarified correctly.

	ZTE
	Support Option 1 in general
One additional case should be considered.
If UE has already detected the SSB of the target cell, UE can skip cell detection, i.e., TPSS/SSS_sync = 0.


	Apple
	Support option 1. Don’t see much difference between option 1 and 2. 

	Intel
	For option 1, we can agree with intra-frequency case. When deriveSSB-IndexFromCell is configured, the neighbor cell is synchronized with serving cell, then TSSB_time_index = 0 and TPSS/SSS_sync = 0. However, for inter-frequency case, when deriveSSB-IndexFromCell is configured, it didn’t mean that neighbour cell is synchronized with serving cell, therefore, timing tracking is still needed.
· If deriveSSB-IndexFromCell is configured and the SSB from the target cell can be detected,
· T CSI-RS_identify_intra = T CSI-RS_measurement_period_intra
· T CSI-RS_identify_inter = TPSS/SSS_sync + T CSI-RS_measurement_period_inter +TSSB_time_index
· If deriveSSB-IndexFromCell is not configured
· T CSI-RS_identify_intra = TPSS/SSS_sync + T CSI-RS_measurement_period_intra + TSSB_time_index
· T CSI-RS_identify_inter = TPSS/SSS_sync + T CSI-RS_measurement_period_inter + TSSB_time_index

	MTK
	We think there are some mis-understanding here. 
· TSSB_time_index can be skipped if deriveSSB-IndexFromCell is configured
· TPSS/SSS_sync can be skipped if the SSB is already detected. (this should have nothing to do with deriveSSB-IndexFromCell)



[bookmark: OLE_LINK33][bookmark: OLE_LINK34]Issue 2-1-2: CSI-RS intra-frequency measurement period
· Proposals
· Option 1: (Intel, Huawei)
· 5 samples 
· Option 2: (Nokia)
· 3 samples 
· Recommended WF
·  Option 1 is recommended

	Issue 2-1-2: CSI-RS intra-frequency measurement period

	Company
	Comments

	vivoXXX
	Option 1 can maintain backward compatibility and is good to UE power consumption.

	Huawei
	Support option1. In realistic deployment, the channel environment is various, and it is more complicated than the channel assumption in simulation. So 5 samples is more preferred.

	MTK
	Support Option 1

	OPPO
	Support option 1.

	Nokia
	Support Option2. 
From the simulation results, 3 samples can already achieve comparable performance with SSB-based measurement. When CSI-RS based measurement is configured, the network is expecting either better performance or faster measurement as it is at the cost of more REs. Why do we define such relaxed requirements for CSI-RS with 5 samples? 
Regarding to the channel assumption, we have been always assuming AWGN when defining the measurement requirements. The performance should not be relaxed due to diverse channels.  

	NEC
	Support option 2. Agree with Nokia’s views

	Qualcomm
	Option1 is supported.

	CATT
	Support option 1. We propose to move forward with 5 samples given the current situation.

	ZTE
	3 samples for {D=3, PRB=48} CSI-RS configuration. 5 samples if requirements for {D=1, PRB=96} CSI-RS configuration are specified either.

	Xiaomi
	Support option 1.

	Apple
	Support option 1

	Intel
	Support option 1.  For SSB based measurement, 5 samples are assumed. CSI-RS is assumed to provide comparable or better performance compared with SSB. Therefore, we think option 1 is more proper.



Sub-topic 2-2: Tuning time of inter-frequency GAP of CSI-RS measurement
Issue 2-2-1: Whether to introduce a longer tuning time for CSI-RS based measurement
· Proposals
· Option 1: Introduce a longer tuning time for CSI-RS based measurement. (Extra margin needs to be reserved for GAP tune-in time for processing CSI-RS inter-frequency measurements)
· Option1a: No CSI-RS resources in the beginning or last [2*2^u] symbols within the inter-frequency CSI-RS measurement window, where u represents the numerology.
· Option 2: The tuning time for CSI-RS based measurement is equal to the gap switch time for measuring the inter-frequency SSBs.
· Option 3: Introduce UE capability for the tuning time for CSI-RS based measurements that are outside UE’s active BWP. (if RF retuning time for SSB based measurement within gap cannot be reused.)
· Recommended WF
· Option 2 is recommended

	Issue 2-2-1: whether to introduce a longer tuning time for CSI-RS based measurement

	Company
	Comments

	vivoXXX
	Option 2.
We do not see the necessity of this UE capability. As analyzed in our paper, for SSB based measurement, tuning to wide bandwidth is already supported and the tuning time is 0.5  / 0.25.

	Huawei
	Suggest option 3. From our point of view, the tuning time for inter-frequency CSI-RS measurement is the same as tuning time for gap (option 2). As companies have different implementation, a capability may be a trade-off solution.

	MTK
	Support Option 2. 

	Docomo
	Recommended WF is fine for us.

	CMCC
	We support the recommended WF (option 2). We do not see the need to have longer tuning time for CSI-RS based measurement compared with that of SSB.

	OPPO
	Agree with recommended WF.

	Nokia
	If longer tuning time is introduced, it may lead to a longer measurement gap hence complicate the discussion. As we have only one meeting for Rel16, either we reuse the existing gap switch time or we may leave the whole inter-frequency measurement discussion to Rel17.  

	Qualcomm
	Option1a or 3 are supported.
The measurement processor for handling CSI-RS L3 could be kept occupied by the serving cell processing till the start of the GAP. Unlike inter-frequency SSBs, the retuning of baseband for CSI-RS cannot start in advance anyhow. Option1a provides a compromise if UE capability is not preferred by imposing a restriction that NW doesnot schedule resources in the beginning and end of the measurement window for inter-frequency CSI-RS resources. 

	CATT
	Support Option 2. We don’t see the necessity to have longer tuning time. 

	ZTE
	Support Option 2.

	Apple 
	Support option 2. 




Sub-topic 2-3: Restriction on CSI-RS resources configuration
Moderator: As introduction of CMTC in the Rel-16 is out of scope, there are two proposals of restricting the time domain CSI-RS resources configuration. 
	1. FFS: Confine CSI-RS resources within SMTC of the associatedSSB and the corresponding periodicity of SMTC should no more than 40ms In R16.  
2. Time domain restriction on CSI-RS resources configuration is introduced:
· CSI-RS resources are configured in [5] ms window
· CSI-RS periodicities for L3 measurement : [10,20,40] ms
· Up to [2] CSI-RS periodicities can be configured per CSI-RS intra-frequency layer
· Up to [1] CSI-RS periodicity can be configured per CSI-RS inter-frequency layer



[bookmark: _Hlk48410277][bookmark: OLE_LINK1][moderator]: Suggest to focus on the measurement windows and periodicity. How the number of CSI-RS periodicity on each frequency layer, and whether differentiate intra-frequency or inter-frequency measurement are also not excluded.
Issue 2-3-1: Time-domain restriction (measurement window) on CSI-RS resources configuration
· [bookmark: OLE_LINK26]Proposals
· Option 1 (OPPO, MTK)：Confine CSI-RS resources within SMTC
· Confine CSI-RS resources within SMTC of the associatedSSB and the corresponding periodicity should follow SMTC periodicity≤40ms.
· Option 2 (CATT, CMCC, Xiaomi, Huawei)：Confine CSI-RS resources within 5ms window
· taking the first CSI-RS resource detected by UE as starting-point, and UE only need to measure the CSI-RS resources transmitted within [5] ms from the starting-point.
· CSI-RS periodicities for L3 measurement : [10,20,40] ms
· [bookmark: OLE_LINK179][bookmark: OLE_LINK180]Option a: Only one CSI-RS periodicities can be configured for CSI-RS frequency layer
· Option b (Huawei): Multiple CSI-RS periodicities can be configured for CSI-RS frequency layer
· Option 2a (Apple)：CSI-RS time domain restriction and SMTC (which are corresponding to the same PCI) should be aligned and confined with 5ms window 
· Option 2b (Qualcomm): Confined CSI-RS resources in a measurement window  
· Intra-frequency CSI-RS resources shall be confined in a measurement window which does not overlap with configured gap and the configured SMTC window. 
· Inter-frequency CSI-RS resources shall be confined in a measurement window per layer/MO. Such a window shall be located within the configured gap and thus overlapped with SMTC window. No CSI-RS resources in the beginning or last [2*2^u] symbols within the inter-frequency CSI-RS measurement window, where u represents the numerology. (this is Option1a in issue 2-2-1)
· Option 2c (ZTE): Confined CSI-RS resources 
· within 5ms window for intra-frequency measurement w/o gap, and 
· within measurement gap length excuding RF retuning time for inter-frequency measuremenet with gap
· Option 3 (vivo)：Confine CSI-RS resources within up to 10 ms window including the SMTC and the 5ms window after SMTC for intra-frequency measurements.
· CSI-RSs that used for intra-frequency L3 measurement are confined in a time window up to 10ms including the SMTC and the 5ms window after SMTC, where the corresponding SMTC is configured in the MO for the intra-frequency layer.
· The periodicity of CSI-RS resources for mobility measurement need to be the same as SMTC periodicity on that frequency layer.
· Option 4 (Nokia)：Up to RAN2 to discuss whether CSI-RS based measurement window is required 
· The CSI-RS based RRM measurement is at least restricted by DRX configuration in time domain. 
· Recommended WF
· Need more discussion.
	Issue 2-3-1: Time-domain restriction (measurement window) on CSI-RS resources configuration

	Company
	Comments

	vivoXXX
	Option 3. (Some more clarification is given in option 3)
In last meeting, some network vendor argued that for intra-frequency measurements, the restriction of SMTC is too restrictive for network. Therefore, as a UE vendor, we are fine to allow additional 5ms for CSI-RS time domain window configuration. On the other hand, in our view SMTC should also be utilized. For the frequency layer configured with CSI-RS with mobility, UE need to perform SSB detection in SMTC, and UE can not only perform CSI-RS measurement in each cycle. Therefore, CSI-RS resource should be close to SSB in time domain. In this sense, the description of option 2, i.e. “taking the first CSI-RS resource detected by UE as starting-point” may not be optimal, even may not be feasible if different UEs have different CSI-RS “detection” result.
Regarding to the # of CSI-RS periodicity for each layer, since UE requirement is defined per layer, it is unclear how to define UE requirement if multiple CSI-RS periodicity is supported. Therefore option a is preferred on this issue.

	Huawei
	We support option 2.
On option 1, in our view, it is very restrictive for network to make sure CSI-RS is always confined within SMTC window, as there may be limited number of slots or symbols to place CSI-RS resources. Also, the periodicity and offset of CSI-RS will be limited by SMTC, which is unnecessary and compromised the flexibility in CSI-RS configuration.
For intra-frequency measurement, we do not see any clear reason to limit CSI-RS in SMTC window. 
For inter-frequency measurement, we understand that NW has to make sure the CSI-RS resources fall in the MG occasions, but it does not mean CSI-RS resources has to be within SMTC, e.g. the configuration in the below figure is also possible with 20ms MGRP. 
[image: ]
It is also noted that option 2 can accommodate option 1, i.e. if necessary NW can make the CSI-RS measurement window same as SMTC window, so we do not see the point to have restrictions as defined in option 1.
On option 3, we do not see clear benefit to have CSI-RS measurement window adjacent to SMTC window. This should be up to NW configuration.
On option 4, we understand RAN4 has to introduce time domain restriction since the signalling based approach (CMTC) was excluded in RAN#88-e. 

	MTK
	Support Option 1, which is the clearest and easiest way to avoid any confusion. 
Regarding Option 2, the definition of “taking the first CSI-RS resource detected by UE as starting-point” is ambiguous. All CSI-RS are transmitted periodically, there is no specific time instant for UE to identify the 1st one. The other ambiguity is on whether UE should identify the starting time based on the configured CSI-RS (maybe with undetectable associated SSB) or the CSI-RS to be measured (with undetectable associated SSB). The former one seems not realistic because UE actually needs to do nothing for that CSI-RS. The later one will also be confusing because it makes the first CSI-RS change from time to time, depending on the SSB detection results.
Regarding Option 2a, we believe that this option is equivalent to limit CSI-RS in SMTC and extend SMTC duration to 5ms.
Regarding Option 2b, setting up different rule for intra-frequency measurement and inter-frequency measurement complicates the requirement. Note that the intra-frequency of UE#1 could be the inter-frequency of UE#2. We should strive the have the same rule for intra-freq and inter-freq.
Regarding Option 3, it would need a new measurement gap for inter-frequency measurement if network wants to re-use the same configuration for inter-frequency case. 
Regarding Option 4, RAN Plenary already agreed not to introduce new signaling. It is not clear why we still need help from RAN2.

	Docomo
	In our view, CSI-RS measurement does not need to be confined within SMTC. Thus our preference is option 2c.

	CMCC
	Option 2. Considering that the configuration of CSI-RS is very flexible, in order to reduce UE complexity and power consumption, time-domain restriction on CSI-RS resources can be considered. However, we do not see the necessity to confine CSI-RS resources within SMTC, which will restrict the network configuration.

	OPPO
	Agree with MTK and support option 1. As compromise, option 2a is also ok to us that CSI-RS is confined with 5ms measurement window  and aligned with SMTC. 

	Nokia
	In our understanding, whatever time domain window is defined, it needs to be clearly known by the network. We don’t see how the network can know about the location of the windows without signaling support. For instance, in Option2, how does the network know which CSI-RS resource is the first one being detected by the UE?
We also have concerns with Option1. If SSB and CSI-RS are both to be measured within SMTC, the measurement performance may be degraded considering limited time window and increased measurement efforts. To simplify the discussion, we may only consider the intra-frequency CSI-RS based measurement where CSI-RS resources are outside the SMTC. So Option 2b could be a starting point, but still the measurement window needs to be aligned with the network.       

	NEC
	We support option 2. Once UE detect associatedSSB from SMTC window, UE can detect CSI-RS from the timing of associatedSSB. Therefore, CSI-RS need not be confined within SMTC.  

	Qualcomm
	We think option2, 2b could be merged and agreeable. For option2, RAN4 would need to provide clear definition w.r.t the “starting point” of such a window. One option could be the serving cell slot boundary of the first configured CSI-RS resource (assume the resource dwells on the later symbols rather than starting symbols so ambiguity can be avoided.)
To MTK, intra v.s. inter-frequency is based on definition followed up by both NW and UEs in the same serving cell. 

	CATT
	Support Option 2. It’s too restrictive if confining CSI-RS within the SMTC or 5ms after SMTC. Also according to TS 38.213, at most 8 SSBs in FR1 and 64 SSBs in FR2 can be configured in SMTC. Taking FR1 as example, if 8 SSBs are configured in the SMTC, except the unavailable symbols, there will no enough location to configure CSI-RS resources. 

	ZTE
	Simply it is fine to confine CSI-RS resources in 5ms window for both intra and inter. For the starting point it can be slot boundary of a cell that CSI-RS resource is configured no later than any other cell.
There is no need to restrict periodicity configuration but it would be fine to define requirements for some of them. Multiple periodicities should be allowed.

	Xiaomi
	Support option 2. If both CSI-RS resource and SSB are confined in 5ms window. It may increase UE complexity, as UE should have the capability to handle SSB and CSI-RS in parallel. 

	Apple
	Support option 2a, which is almost equivalent to 1a, except the case where SMTC duration is less than 5ms. 
Intra-frequency layer for one UE can be the inter-frequency layer for the other UE. To make sure both CSI-RS and SMTC are contained within measurement gap, it is important to make sure both of them are confined within 5ms. However, it does not mean both of them have to be always simultaneously presented. 


	Intel
	Support option 2. Due to the flexibility, CSI-RS may not lie in the window of SMTC in both intra and inter frequency measurement.

	MTK
	We do not understand the comment that there will be insufficient OFDM symbol to configure CSI-RS in SMTC (up to 5 ms). Please note that the current longest MGL is also providing up to 5ms time duration for measurement. If 5ms is a too short duration for transmit both SSBs and CSI-RSs, then that means this feature actually doesn’t work for inter-frequency measurement. 


 
Issue 2-3-2: Whether different time domain restriction need to be considered for intra-frequency measurement and inter-frequency measurement
· Proposals：
· Option 1: Yes.
· Option 2: No.
· Recommended WF
· Need more discussion
	Issue 2-3-2: Whether different time domain restriction need to be considered for intra-frequency measurement and inter-frequency measurement

	Company
	Comments

	vivoXXX
	Option 1, Yes. For inter-frequency measurement it should be measured within gap.
It is not feasible for inter frequency measurement to be done outside gap. SSB detection is also needed and both need to be done within gap. Of course SMTC periodicity can be configured even longer, so that some gap can be left for CSI-RS. Anyway this belongs to network implementation, and the only limitation for CSI-RS inter-frequency measurement should be measurement gap.

	Huawei
	We support option 2. 
As commented for Issue 2-3-1, NW can determine where the location of the CSI-RS measurement window for each CSI-RS layer.

	MTK
	Support Option 2: No.

	OPPO
	Support option 2. CSI-RS which is configured by network cannot be ensured within gap even for inter-frequency measurement.

	Nokia
	Considering current Rel16 timeframe, it seems more practical to first focus on intra-frequency measurement in Rel16.

	Qualcomm
	Option1 is supported.

	CATT
	Support option 2. There is no need to consider the time domain restriction for intra and inter-frequency separately since it is not known for NW configuration. A certain frequency configured with CSI-RS resources can be intra-frequency for some UE while inter-frequency for others. So the restriction shall be always unified.

	ZTE
	For inter frequency, it needs to be confined in the gap exclude RF retuning time. 

	Xiaomi
	Support option 2

	Apple
	Support option 2. In case of option 1, the only difference can be intra-frequency have up to 2 different periodicities and inter-frequency only has on periodicity. 



Issue 2-3-3: Frequency domain restriction on CSI-RS resources configuration
· Proposals from MTK：
· Option 1: The CSI-RS BW should always cover the SSB configured in the same MO.
· Option 2: If either CSI-RS layer or the SSB layer corresponding to the associated SSB, is regarded as an inter-frequency layer, the requirement applied for this layer, including CSSF and possibly time domain restriction, follows inter-frequency.
· Recommended WF
· Need more discussion
	Issue 2-3-3: Frequency domain restriction on CSI-RS resources configuration

	Company
	Comments

	vivoXXX
	In our understanding this is highly related to the discussion whether CSI-RS and SSB configured in the same MO should be both intra-frequency or both inter-frequency. 
The cases that SSB is inter-frequency but CSI-RS is intra-frequency, or CSI-RS is inter-frequency but SSB is intra-frequency, should be corner cases. For the former case, detection of SSB may need AGC tuning and are done within gap (if UE does not support some related capability), but measurement of CSI-RS may not. It would be difficult for UE to schedule resource for this layer and it is difficult to compute CSSF. Therefore, in our view, this case should be regarded as inter-frequency measurement if either one is inter frequency measurement.
However, if option 1 is adopted as the assumption for CSI-RS, whether CSI-RS can be classified into intra or inter frequency can only be based on CSI-RS but no consideration of SSB. Since requirement for R16 SSB measurement without gap only applies if there is network flag indication, it is unclear how to define requirement if CSI-RS is intra-frequency but SSB is inter-frequency, and there is no network flag.
Therefore, we provide option 2 above. 

	Huawei
	Option1 puts stringent restriction on network configuration, not preferred.

	MTK
	Support Option 1.
This is to allow UE to open up a reasonable BW to perform SSB and CSI-RS at the same gap occasion. We believe that CSI-RS is always WB (e.g., same as the carrier BW) in order to be re-used by all UEs with different BWP BWs in the serving and neighboring cells, while SSB is only 20 RBs which should be guaranteed to be covered by carrier BW. This should introduce no problem to network to have this limitation.
BTW, the center frequencies of SSB and CSI-RS is not considered here. 

	Docomo
	We think there is no need to configure CSI-RS and SSB in the same MO.

	CMCC
	No need to have frequency domain restriction. It is possible scenario that SSB is not covered by the CSI-RS BW. For SSB based intra-f measurement, there is case that SSB is not covered by active BWP. In this case, if CSI-RS is configured, there is no SSB in the CSI-RS BW.

	OPPO
	Option 1 is fine. From UE perspective, for the case CSI-RS and SSB are configured in the same MO, it will make implementation easier if CSI-RS BW can contain SSB BW. 

	Nokia
	As the CSI-RS based measurement and SSB based measurement are configured separately, we don’t see the need for such frequency domain restriction. 

	NEC 
	We don’t see need to have restriction of option 1 

	Qualcomm
	Option1 may have a strong restriction on deployment.

	CATT
	No need to have this limitation. The center frequency and bandwidth of SSB and CSI-RS are configured independently. It cannot be guaranteed that SSB is always covered by CSI-RS BW.

	ZTE
	We don’t understand why the restriction.

	Apple
	Do not seem the need for such restriction. However, for intra-frequency CSI-RS, we should assume both CSI-RS and the associated SSB should be contained within active BWP. For inter-frequency case, no restriction seems necessary.




Sub-topic 2-5: UE capability on simultaneous reception of CSI-RS and SSB/Data
[Moderator]: Due to relation to CSSF, scheduling and/or measurement restriction, an independent sub-topic is added for UE capability of simultaneous reception of CSI-RS and SSB/Data.
[bookmark: OLE_LINK2][bookmark: OLE_LINK3]Issue 2-5-1: New UE capability on the simultaneous reception of CSI-RS and SSB/Data
· Proposals
· Option 1: introduce new UE capability on the simultaneous reception of CSI-RS of neighbor cell and SSB of serving cell
[image: ]
· Option 2: Not to introduce new UE capability 
· Option 3: Remove feature group 12-1, and add feature group 12-3, 12-4, 12-5 (Apple)
· Feature group 12-3: Simultaneous reception of intra-frequency CSI-RS and SSB within the active BWP bandwidth and with the same numerology
· Feature group 12-4: Simultaneous reception of intra-frequency CSI-RS and SSB within the active BWP bandwidth and with mixed numerologies
· Feature group 12-5: Simultaneous reception of CSI-RS, SSB and data channel within the active BWP bandwidth and with three mixed numerologies
·  UE behaviour is not specified if 3 mixed numerologies are configured simultaneously.
· Option 4: 
· introduce new UE capability on the simultaneous reception of CSI-RS and SSB. 
· FFS Simultaneous reception of CSI-RS, SSB and data
· Recommended WF
· Need more discussion.

	Issue 2-5-1: New UE capability on the simultaneous reception of CSI-RS and SSB/Data

	Company
	Comments

	vivoXXX
	Option 3 seems reasonable.
[Updated view]
Option 4 is also acceptable for us.

	Huawei
	1. Simultaneous reception of intra-frequency CSI-RS and SSB
Whether introducing the capability depends on the CSI-RS requirement definition. If the CSI-RS requirements can accommodates the UE which can’t support simultaneous reception of SSB and CSI-RS, RAN4 can not introduce related capability. e.g.,CSSFoutsidegap considers both SSB and CSI-RS MO. Otherwise the capability is needed.
In addition, the description in option1 shall be revised to
· Option 1: introduce new UE capability on the simultaneous reception of CSI-RS of neighbor cell and SSB of serving cell
We can come back after there is conclusion of sub-topic 2-6(CSSF).
2. Simultaneous reception of CSI-RS, SSB and data channel
Support Feature group 12-5 in option 3

	MTK
	Support Option 1. It is better to mention mix-numerology even in the feature group column to avoid confusion.
Regarding Option 2, the existing UE capability is for serving cell data and intra-frequency SSB, we should avoid to modify or extend the Rel-15 definition.
Regarding Option 3, it is not clear about the need for 12-3. Also, 3 numerologies is too complicated. We prefer to add a note saying that the numerology of CSI-RS is always assumed to be the same with serving cell data channel.

	Docomo
	Option 2.

	CMCC
	Support option 1. For option 3, for feature group 12-3, we do not understand why UE capability is needed for the same numerology. We would like to know more details on this feature group.

	OPPO
	Share similar views as Huawei’s and slightly agree with option 3.
To be highlighted, simultaneous reception of intra-frequency CSI-RS and SSB has impact on CSSF, which can be considered together. 

	Nokia
	We understood this issue includes two aspects: 
1) new UE capability on the simultaneous reception of CSI-RS of neighbor cell and SSB of serving cell 
2) new UE capability on the simultaneous reception of CSI-RS of neighbor cell and data of serving cell 
We support defining separate UE capability for the two cases. 
For feature group proposal, are 12-3 and 12-4 the same? And why does 12-5 include 3 mixed numerologies? It is still possible the UE does not support 12-3 but support mixed numerology between CSI-RS in neighbor cell and data in serving cell?   

	NEC
	We support option 3. However, we don’t see need for FG 12-3. Do we need to remove 12-1? We are OK to add 12-4 and 12-5. 

	Qualcomm
	1. Clarifications are needed why mixed numerology shall be discussed.
1. We think the core question is the simultaneous processing of CSI-RS and SSB. With that we agree with Huawei to rephrase option1 as “introduce new UE capability on the simultaneous reception of CSI-RS and SSB” instead of 12-3 and 12-4. This helps with discussions when CSI-RS and SSB have any overlap in time and whether CSSF of SSB based measurement shall be modified.
1. Feature group 12-5 is not complied with WID assumption, so is out of scope.

	CATT
	In our understanding, this discussion includes two aspects:
1) Simultaneous reception of CSI-RS of neighbor cell and SSB/data/CSI-RS of serving cell due to mixed numerology(e.g. option 1 and feature group 12-5 in option 3)
2) Simultaneous measurement of CSI-RS and SSB due to implementation of searcher(e.g. feature group 12-3 and 12-4 in option 3 which are based on the assumption that CSI-RS and SSB share the same searcher)
For 1) we are fine to define UE capability to indicate whether UE can receive the CSI-RS and other signals with different numerology simultaneously. We suggest to merge option 1 and feature group 12-5 and define the UE capability of simultaneous reception of CSI-RS of neighbor cell and SSB/data/CSI-RS of serving cell.
For 2) we think it is related to the assumption of searcher which is discussed in issue 2-6-1. If dedicated searcher for CSI-RS is assumed, then SSB and CSI-RS can be performed simultaneously, and this capability is not needed. If shared searcher with SSB is assumed, we don’t understand how UE can perform SSB and CSI-RS based measurement simultaneously. If they cannot be performed simultaneous in this case, the capability may be still not needed. But if it can be implemented by UE venders, we are open to discuss this capability. Further views from UE venders will be helpful.

	ZTE
	Support Option 2
The use case is not clear. Firstly it should only be applicable for CSI-RS based and SSB based intra-frequency measurement without gaps. The UE can perform measurement on SSB and CSI-RS resources simultaneously. To take use of this UE measurement capability requirements should be specified by taking the UE capability into consideration, which means both SSB based RRM requirements and CSI-RS based RRM requirements need to be revised or defined with further consideration. We don’t think this would be the typical use case. Moreover it is simpler to define SSB based measurements and CSI-RS based measurements as independently as it was agreed that there are 1 SSB intra-frequency layer and [1] CSI-RS intra-frequency layer per serving cell. So there is no need to have this UE capability in Rel-16.

	OPPO
	As moderator, I updated the options a litter bit according to the comments by adding an option 4:
· Option 4: 
· introduce new UE capability on the simultaneous reception of CSI-RS and SSB. 
· FFS Simultaneous reception of CSI-RS, SSB and data
Hope option 4 can be a compromise for companies.

	Qualcomm
	Overall we feel there are two capabilities shall be decided by RAN4 to make progress based on GTW discussions.
1. Issue 2-1 in [224] option 3 to introduce type1.1 and type1.2 UEs on use of single timing, which addresses the timing conflict between data and CSI-RS within the scope of Rel-16 and is recommended by Chairman.
2. Issue 2-5-1 in [225] shall be limited to introducing the capability according to option 4 mentioned by the moderator. 
Feature group 12-5 “Simultaneous reception of CSI-RS, SSB and data” is out of the scope of Rel-16.

	Apple 
	The motivation to introduce FG12-3 is due to limited number of searchers which are shared by SSB and CSI-RS. Mixed numerologies can be another reason to prevent from UE from simultaneously process SSB and CSI-RS.
We can compromise to option 4. 

	MTK
	We can compromised to Option 4 with the following update (copy-and-paste from Issue 1-1-1 ) 
· For UE that support simultaneous processing capability of SSB and CSI-RS, the SSB and CSI-RS layers can be merged into 1 layer which only counted once in both measurement capability and the CSSF requirements if
1. All CSI-RS are configured within the SMTC window configured in the same MO
2. The SSB RBs configured in the same MO are covered by the CSI-RS BW



Sub-topic 2-4: Rx beam sweeping
[bookmark: _Hlk48054893]Issue 2-4-1: Whether UE is required to perform RX beam sweeping when CSI-RS is QCL-ed to the associated SSB for FR2
· Proposals
· Option 1: NO. UE is not required to perform dedicated Rx beam sweeping for CSI-RS based L3 measurement in FR2 in Rel-16.
· Do not define requirements in Rel-16 for the case “the multiple CSI-RS resources from different cells are transmitted in the same OFDM symbols in one MO, and the CSI-RS resources are QCL-ed with different associated SSB”.
· Option 2: YES. UE is required to perform Rx beam sweeping for CSI-RS based L3 measurement In FR2, in the case that CSI-RS resources in the same OFMD symbol are QCL-ed with different associated SSB

· [bookmark: OLE_LINK22][bookmark: OLE_LINK23]Recommended WF
· Need clarifications on the exact behaviour of UE Rx beam sweeping and more discussion.

	Issue 2-4-1: Whether UE is required to perform RX beam sweeping when CSI-RS is QCL-ed to the associated SSB for FR2

	Company
	Comments

	vivoXXX
	We support option 2.
If more than one cell is measured in the same OFDM symbol, UE should be able to perform Rx beam sweeping the same as SSB.

	Huawei
	Support option2.
Option1 suggest that do not define requirements in Rel-16 for the case “the multiple CSI-RS resources from different cells are transmitted in the same OFDM symbols in one MO, and the CSI-RS resources are QCL-ed with different associated SSB”. However the case is not avoidable in FR2.
· From network point of view, as there are multiple neighbour cells and multiple CSI-RS resources in each cell, while the OFDM symbols are limited in time domain window, then making a restriction such as only CSI-RS resources from one cell is transmitted per OFDM symbol is impossible. In other words, the configuration that CSI-RS resources in the same OFMD symbol are QCL-ed with different associated SSB is typical in practical network. 
· From network point of view, it is not possible to configure the CSI-RS resources from different cells which can use the same Rx beam to one OFDM symbol, as network has no information of UE reception direction, and there is no such interaction between different cells.
· From UE reception perspective, under the above configuration, the feasible way is that UE fix one Rx beam direction for one measurement window and changes to another RX beam direction for the next measurement window. During each measurement window, UE measures the CSI-RS resources whose assciatedSSB are detectable. In essence this procedure is beam sweeping. 
In summary if option 1 is agreed, in some extent, the CSI-RS measurement may not work in FR2. 

	MTK
	Support Option 2.
The scenario of option 2 is not a corner case and should be well considered in Rel-16. This also eases UE complexity when deciding which Rx beam to be used for the up-coming SSB or CSI-RS measurement.

	Docomo
	Support Option 1.

	OPPO 
	We can compromise to option 2. Since the beam direction depends on associated SSB, scaling factor for Rx beam sweeping can be reused, N=8.

	Nokia
	Support Option1.
We would see it as a special case. If Rx beam sweeping is performed, the measurement performance will also be degraded. Considering current Rel16 timeframe, we may not define the requirements in case this happens.   

	NEC
	Yes. We support option 2. 

	Qualcomm
	If NW can guarantee resources from different cells donot share the same symbol or slot, option1 is supported as it has performance benefit of reduced delay.  

	CATT
	Support option 2. In our understanding, this case is general case that need to be considered. It will not be guaranteed that NW configure CSI-RS resources from different cells in different symbols. The CSI-RS from different cells are very possible transmitted in the same symbol. In this case, UE cannot perform the CSI-RS measurement for all the cells at a time and the Rx beam sweeping is needed.

	ZTE
	No RX beam sweeping is needed as the RX spatial parameter is provided by associated SSB. But UE may need to switch Rx beam for different cells on one symbol reception.

	Xiaomi
	Rx beam sweeping should be considered when UE perform measurement from serving cell to neighbour cell.

	Qualcomm
	In our view, the topic is kinda confusing. We agree UE may have to switch its Rx beam for measuring neighbor cell in FR2 if an alternative UE Rx beam is used for its associated SSB other than the one for the serving cell. Then we could compromise to option2.

	Apple
	Support option 1
Providing CSI-RS is QCL type D with the associated SSB and the associated SSB has been detected, it is not clear for us why Rx beam sweeping is needed. However, if what beam sweeping means in option 2 is UE has to measurement CSI-RS resources on the same symbol in sequential order, we are OK too.





Issue 2-4-2:  If issue 2-4-1 is yes, how to define the requirement for RX beam sweeping
· Proposals
· Option 1: Rx beam sweeping is needed if CSI-RSs from more than one cells are indicated to be measured in the same OFDM symbol, and the requirement is scaled by a factor N, where N equals to the number of cell.
· Option 1a: N equals to min(the number of neighbor cells, 8).
· Option 1b: N =8
· Option 1c: N equals to number of neighbor cells
· Recommended WF
· Need more discussion
	Issue 2-4-2:  If issue 2-4-1 is yes, how to define the requirement for RX beam sweeping

	Company
	Comments

	vivoXXX
	Option 1 with some revision/clarification.

	Huawei
	We suggest the N is 8(Rx beam number).
As we discussion in issue 2-4-1, UE fix one Rx beam direction for one measurement window and changes to another RX beam direction for the next measurement window. During each measurement window, UE measures the CSI-RS resources whose assciatedSSB are detectable. In essence this procedure is beam sweeping. the scaling factor is 8 accordingly.

	MTK
	Simply to assume Rx beam sweeping is always needed in Rel-16. 
Option 1a doesn’t work because:
· Network has no idea which Rx beam will be used by UE for measurement. 
· Not all CSI-RS configured on the same OFDM symbol will be measured by UE. UE needs to check its associated SSB first. 
The above 2 conditions will change from time to time.

	OPPO
	Similar comments as issue 2-4-1. Since the beam direction depends on associated SSB, scaling factor for Rx beam sweeping can be reused, N=8.
Further comments as moderator:
Update the options for scaling factor accordingly.
· Option 1a: N equals to max(the number of neighbor cells, 8).
· Option 1b: N =8
· Option 1c: N equals to number of neighbor cells

	Qualcomm
	Agree with MTK’s view. 
The scale time may be based on number of neighbor cells.

	ZTE
	The scale would be based on number of neighbor cells on which associated SSB is detected.

	Xiaomi
	Propose N = 8, agree with Huawei’s comment, and the value can be the same as SSB based FR2 measurement.

	vivo2
	Modified with one typo. Clearly max operation does not work.
We support option 1a but is also fine with option 1b.
If multiple CSI-RS with different associated SSBs can be from the same cell, we are also fine with N=8 i.e. option 1b. However we do not think this is a general case since different SSBs are not multiplexed in the same symbol, which means they are most likely to be from different analog beams. In this case, the requirement can be decided based on how many celle there are.

	Apple
	We proposed a new option.

Option 1d: For the worst scenario, it should be scaled by number of different associatedSSB

	MTK
	With the updated proposal, we support Option 1b.



Sub-topic 2-6: CSSF for CSI-RS based measurement
Sub-topic description
[Moderator]: 
RAN4 needs to firstly agree on introducing the CSI-RS L3 measurement window as the restriction on the time domain configuration. 
CSSFs can then be derived for intra-frequency measurement outside the MG and inter-frequency measurement within the MG.
Open issues and candidate options before e-meeting:
Issue 2-6-1: Searcher assumption for CSI-RS based measurement 
· Proposals
[bookmark: _Hlk48834162]Sub1: No additional searcher for CSI-RS measurement

· Option 1: CSI-RS and SSB based measurement use the same searcher. (no additional searcher for CSI-RS measurement)
· Option 2 (Option 3 can merged with 2a): Additional dedicated searcherprocessor/engine(s) is assumed for CSI-RS based measurement. (similar to CSI-RS processor for L1 CSI-RS)
· Option 2a: 1 processor/engine(s)
· Option 2b: 2 processor/engine(s)
		   Sub2: Additional dedicated searchers for CSI-RS synchronization and measurement
· Option 4: Additional 2 dedicated searchers is assumed for CSI-RS based measurement.
· Option 2b: 2
· Option 3: CSI-RS L3 based measurement do not need any searcher. (similar to CSI-RS processor for L1 CSI-RS)
· Recommended WF
· Need more discussion.

	Issue 2-6-1: Searcher assumption for CSI-RS based measurement 

	Company
	Comments

	vivoXXX
	We prefer option 1 and option 3. 
For the case where associated SSB of CSI-RS is counted as one separate layer, CSI-RS based measurement is done with the same searcher of SSB and should be counted as one additional layer, i.e. option 1 is preferred.
For the case where associated SSB is not counted as one separate layer, CSI-RS based measurement does not need to perform additional search and can be regarded as additional measurement processing of SSB. In this case option 3 is preferred.

	Huawei
	Support option 1.
The minimum requirements shall consider the case that CSI-RS L3 measurement and SSB measurement shall compete the measurement opportunities and confined with searcher. No CSI-RS specific searcher is expected.


	MTK
	Support Option 2a. One suggestion is to change the terminology of ‘searcher’ to ‘engine’ to avoid confusion. 

	CMCC
	Support option 2. It is preferred to minimize the impact on SSB based measurement due to CSI-RS based measurement. In this case, additional dedicated searcher(s) for CSI-RS based measurement is needed.

	OPPO
	We agree that option 2 will make the requirements for CSI-RS L3 measurement easier. But option 2a and 2b still need to be further studied from UE perspective. Thus, Option 1 is preferred for us in Rel-16. Further enhancement can be done in future release. 

	Nokia
	With single FFT assumption, we understood the UE would simultaneously process data and CSI-RS measurements i.e. as in Option 3. What is the intention/benefit to use additional searcher or using the same searcher as SSB? The views from UE vendors would be helpful.

	Qualcomm
	Option3.
To Nokia and other companies, the processor or engine of CSI-RS for L3 shall not be viewed as a searcher as the nature of CSI-RS processing is for measurement purpose rather than synchronization. Hence we share the view with MTK that it might not be precise to term it as a searcher. 
Then, option 3 and option 2a after term change to engine can be merged and both would be agreeable.
This topic is similar to the topic of synchronization assumptions in [224]. A new UE capability is advised to be introduced and capture the different UE types.

	CATT
	Support 2a or 2b. At least one dedicated searchers are assumed for CSI-RS based measurement. This can minimize the impact on SSB based measurement. 

	ZTE
	We think a key point is raised there. It is also kind of related to frequency layer. The activities on a frequency layer is synchronization and measurements or measurements only.
If this is only for CSI-RS measurements (processing but not synchronization), then at least 1 additional processor (engine) is needed otherwise the measurements cannot be supported.

	Xiaomi
	Support option 2a, if additional searcher (engine) is assumed, the SSB based requirement will be minimized, e.g. CSFF outside of gap.

	OPPO
	[bookmark: OLE_LINK15]For synchronization, associated SSB of CSI-RS measurement and SSB measurement can share the same searcher for current SSB based measurement.
For measurements, whether CSI-RS measurements need additional dedicated processor (engine) or compete with SSB measurement in measurement windows, can be further discussed here. 
And this is also related to potential UE capability of simultaneous reception of CSI-RS and SSB. If additional dedicated processor was agreed, then such UE capability would have no impact on the requirements of CSSF. 
Furthermore, as moderator I would like to revise the options according to Qualcomm and MTK’s comments to make it more clearly.
Sub1: No additional searcher for CSI-RS based L3 measurement
· Option 1: CSI-RS and SSB based measurement use the same searcher. 
· Option 2 (Option 3 can merged with 2a): Additional dedicated processor/engine(s) is assumed for CSI-RS based measurement. (similar to CSI-RS processor for L1 CSI-RS)
· Option 2a: 1 
· Option 2b: 2
		   Sub2: Additional dedicated searchers for CSI-RS synchronization and measurement
· Option 4: Additional 2 dedicated searchers is assumed for CSI-RS based measurement.


	vivo2
	Based on updated summary from moderator, our preference is option 2a.
If associated SSB of CSI-RS layer is counted as one SSB layer, dedicated search resource need to be allocated for this layer, so that sharing of search resource for this associated SSB may need to be considered. In this case, this CSI-RS layer is counted as one full layer which includes both cell identification and cell measurement.
If associated SSB of CSI-RS layer can be merged into one SSB MO, that means the search procedure for this CSI-RS layer is already done by one SSB layer. If UE supports parallel measurements of SSB and CSI-RS, i.e. option 2a, then UE can count CSI-RS and SSB as the same layer. If UE does not support parallel measurements of SSB and CSI-RS, i.e. option 1, then UE can count CSI-RS as one additional layer.
Moreover, our understanding to option 1 is that CSI-RS and SSB share the same searcher and there is no dedicated processor for CSI-RS, which means scheduling restriction is needed.

	Qualcomm
	Thanks much moderator for the suggestion. 
If Issue 2-5-1 can be agreed, we think issue2-6-1 can be closed.
Option2a is supported anyway.

	Apple
	Support Option 1. 
RAN4 requirements should target on the minimum requirements and not preclude different implementation options. If option 1 is agreed, all other options are not precluded. However, if any other option instead of option 1 is agreed, option 1 is precluded.

	MTK
	We want to clarify the detail a little bit. For CSI-RS measurement with associated SSB, there are 2 phases to complete the measurement. 
1. SSB-based cell detection and SBI reading
2. CSI-RS measurement
For the 1st part, it is obvious that the same engine is re-used from SSB-based measurement. 
· If the SSB-based measurement is already configured, then we do not think CSSF for SSB needs to be increased. If 
· If the SSB-based measurement is not configured, then we need to add 1 to the CSSF for SSB.
For the 2nd part, at least with Option 2a, there is nothing to do with SSB-based measurement. So the CSSF for CSI-RS can be specified independently. 
(Above conclusion should work for CSSF outside gap. CSSF within gap is another story.)



Issue 2-6-2: CSSF outside of gap (for intra-frequency CSI-RS based measurement)
· Proposals
· Option 1: Based on option 1 of issue 2-6-1(same searchers for SSB and CSI-RS)
· Option 1a (Apple): CSI-RS and SSB should be considered as different frequency layers, including the scenarios where they are configured in the same MO, and/or have the same center frequency and the same SCS. 
· Option 1b (Huawei): if it can be guaranteed that CSI-RS resources and SSB are not concurrent in the same OFDM symbol, the CSSF outside gap for CSI-RS and SSB can only consider SSB MO;  otherwise, CSSF outside gap for CSI-RS and SSB shall consider both SSB MO and CSI-RS MO.
· Option 2: Based on option 2a of issue 2-6-1 (1 dedicated searcher for CSI-RS)
· [bookmark: OLE_LINK24][bookmark: OLE_LINK28]CSSF outside gap equals to the number of intra-frequency layers with CSI-RS measurement configured. (MTK)
· Option 3: Based on option 2b of issue 2-6-1 (2 dedicated searcher for CSI-RS)
·  CSSFoutside_gap,iI,csi-rs and CSSFwithin_gap,i  for SSB based measurement can be reused .(CATT)
· Option 4: Based on option 3 of issue 2-6-1
Option 1c 4 (Qualcomm): CSSF outside the gap doesnot need changes assuming CSI-RS measurement windows does not overlap with SMTC so there is no collision with gaps for SSB based measurements.
· Option 5: Based on option 1 and option 3
Option 5: CSSF outside the gap is decided based on the total intra-frequency SSB layer counted, including SSB layer and associated SSB layer.
· Recommended WF
· Need more discussion 
· Comments are encouraged to be collected for corresponding CRs as below.
· same searchers for CSI-RS and SSB	: R4-2010057, Apple 
· 1 dedicated searcher processor/engine(s) for CSI-RS: R4-2010314, MediaTek inc.
· 2 dedicated processor/engine(s) searcher for CSI-RS: R4-2009842,  CATT
	Issue 2-6-2: CSSF outside of gap (for intra-frequency CSI-RS based measurement)

	Company
	Comments

	vivoXXX
	We support option 5.
If SMTC periodicity of associated SSB is different from SMTC configured in a SSB-based MO, they should be count as two different layer as commented in issue 1-1-3.
In this case, associated SSB should be considered separately in CSSF calculation.
If the associated SSB sharing is clear, there should be no additional impact to CSSF from CSI-RS measurement, since CSI-RS are most likely measured in different symbols. There is no need for sharing since there is no collision.

	Huawei
	Support both option 1a or 1b. 
For UE which can not support simultaneous measurement of CSI-RS and SSB, the CSI-RS and SSB should be considered as different frequency layers and participant in CSSFoutsidegap calculation.

	MTK
	This part is pending on the conclusion of issue 2-6-1.

	CMCC
	We prefer 2 dedicated searchers for CSI-RS. With this assumption, firstly, the CSI-RS based measurement will not have impact on SSB based measurement even if they are overlapped. Secondly, the structure of CSSF outside gap specified for SSB based measurement can be reused for CSI-RS based measurement without gap, which could reduce RAN4 work.

	OPPO
	Similar views as Huawei.

	Nokia
	This depends on the discussion of Issue 2-6-1. 

	Qualcomm
	Pending on the discussion of Issue 2-6-1 before we could discuss,
1. Whether SSB based CSSF shall be modified if SSB and CSI-RS have to compete the measurement window.
1. If and how to define CSI-FS based CSSF if SSB and CSI-RS donot compete the measurement window.

	CATT
	Support option 3. Based on the views on issue 2-6-1.

	ZTE
	Whether CCSF should consider synchronization and measurements separately? It seems option 2 is reasonable.

	Xiaomi
	Depends on the conclusion of issue 2-6-1.

	OPPO
	To ZTE:  in our understanding, for synchronization, associated SSB of CSI-RS shall reuse the searchers of SSB mobility and no additional searcher is needed. For measurements, CSSF for CSI-RS should only consider compete measurements processor with SSB measurement. So if we consider the CSI-RS measurements share 
And similarly, I revised the wording in recommended WF.

	Apple 
	Support  Option 1

	Intel
	Has dependency with issue 2-6-1 and 2-3-1. If dedicated searcher is assumed for CSI-RS, CSSF for SSB and CSSF for CSI-RS are independent. No modification is needed for SSB based measurement. If no dedicated searcher is assumed, if will have relationship with the time domain restriction of CSI-RS. If CSI-RS is always outside SMTC, there is no modification for SSB based CSSF either.


CRs/TPs comments collection for CSSF
	[bookmark: _Hlk48234985]1 dedicated searcher for CSI-RS
	R4-2010314
	Introduction of CSSF requirement for CSI-RS based L3 measurement
	MediaTek inc.

	2 dedicated searcher for CSI-RS
	R4-2009842
	TP on CSSF
	CATT

	Same searchers for CSI-RS and SSB
	R4-2010057
	CR on CSSF with both CSI-RS and SSB
	Apple



	CR/TP number
	Comments collection

	R4-2010314
	Company A

	
	Company B

	
	

	R4-
	MTK: 
· The CR is pending on the discussion outcome.
“Number of SSB and CSI-RS based intra-frequency measurement objects” is misleading. In 38.331, one MO is one MO, there is no definition of SSB MO or CSI-RS MO.Company A

	
	Company B

	
	

	R4-2010057

	Huawei: prefer this CR as a baselineCompany A

	
	MTK: The CR is pending on the discussion outcomeCompany B

	
	



Issue 2-6-3: CSSF within gap (for inter-frequency CSI-RS based measurement)
· Proposals
· Option 1(Apple, QC, Huawei): Define the CSSF within gap assuming CSI-RS and SSB should be considered as different frequency layers. 
· Considering only one MO (i.e., SSB or inter-frequency CSI-RS based MO) can be measured within each gap instance due to sharing of the gap between SSB and CSI-RS MOs
· [bookmark: _Ref47307065]Option 2 (MTK): Extend the current SSB-based CSSF within gap requirement to CSI-RS measurement with only minor modifications assuming CSI-RS and SSB configured in the same MO 
· Considering proper time-domain and frequency-domain restriction
· Recommended WF
· Need more discussion.
· Comments are encouraged to be collected for companies’ CRs as well.

	Issue 2-6-3: CSSF within gap (for inter-frequency CSI-RS based measurement)

	Company
	Comments

	vivoXXX
	We support option 2, and additionally option 1 is also applicable to the case that associated SSB is configured but counted as one separate layer.

	Huawei
	Support option 1.
CSI-RS resources can have different offset and periodicity. SSB and CSI-RS resources may have different offset and periodicity as well. The maximum periodicity of CSI-RS is 40ms, while the periodicity of SSB can be 80ms, 160ms. If we make the assumption that CSI-RS only exist in SMTC, then long periodicity for SMTC is precluded. Considering there are other measurement types, e.g., L1-RSRP, RLM, CBD, BFD, if the SMTC periodicity is up to 40ms, then measurement opportunities for other measure types decreases, the performance will be degraded.
[R4-2011115] gives an example, for certain gap occasion, no associatedSSB exits while some CSI-RS resources need to measured, thus the CSI-RS resources shall participant in gap competition.

	MTK
	Let’s resolve the time-domain restriction and MO definition before working on this part.

	OPPO
	Fine with option 1 in principle. And more details need to be clarified for option 2.

	Qualcomm
	Pending on agreements on the time domain configuration for inter-frequency CSI-RS measurements.

	CATT
	Support option 1. CSI-RS layer should be considered as separate layer with SSB and participate in the gap competition. 

	ZTE
	Agree with MTK.

	Xiaomi
	Support option 1, and it depends on the outcome of issue 2-3-1 and issue 1-1-1

	Apple
	We support option 1 in case CSI-RS and SSB collide. When CSI-RS and SSB do not collid, it is very straightforward.




Sub-topic 2-7: Scheduling Restriction
Sub-topic description
The discussion is pending on the agreements on types of UEs to be considered in Rel-16 as captured in issue 2-1 of email thread[224], because some Ues that choose to prioritize the serving cell data may not require restrictions in the serving cell.
 · 1.FFS when UE is not able to support mixed numerology of data and CSI-RS L3 mobility, UE is not expected to transmit or receive on [2] data OFDM symbols impacted by CSI-RS resource symbols to be measured 
· 2. FFS when UE performs CSI-RS intra-frequency measurements in a TDD band, UE is not expected to transmit or receive on [2] data OFDM symbols impacted by CSI-RS resource symbols to be measured 
· 3. FFS when UE performs RX beam sweeping, UE is not expected to transmit or receive [1] data symbol before and after CSI-RS symbol to be measured due to Rx beam sweeping

Open issues and candidate options before e-meeting:

Issue 2-7-1: When UE is not able to support mixed numerology between data and CSI-RS L3 mobility, except that UE is not expected to transmit or receive on data OFDM symbols overlapped by CSI-RS resource symbols to be measured, whether to restrict scheduling [X] additional symbols before and after each consecutive CSI-RS symbols?
· Proposals
· Option 1: Additional symbols before and after CSI-RS symbols are not needed
· Option 2: X= 1 data OFDM symbols
· Option 3: X= 2 data OFDM symbols
· Option 4:  if the timing of the target cell is aligned with the serving cell timing, X= 1 data symbol, otherwise, X= 2 data symbols.
· Recommended WF
· Need more discussion

	Issue 2-7-1: When UE is not able to support mixed numerology between data and CSI-RS L3 mobility

	Company
	Comments

	vivoXXX
	Option 1.
Moreover, we think there is one typo for this. 
“Additional symbols before and after CSI-RS symbols are not scheduledneeded”
[updated view]
Based on discussion with companies I realized that the wording of this discussion is not aligned with the WF from last meeting.
Based on this wording, our preference is Option 2.

	Huawei
	Depends on the conclusion of Synchronization assumption in thread [224]. The principle is that X is the impacted data OFDM symbols which are overlapped with to-be-measured CSI-RS resources.

	MTK
	Support Option 1.
However, this issue depends on the conclusion of sync assumption in thread [224]	

	Docomo
	The concept of timing advance group may have impact on the discussions of issue 2-7-1, 2-7-2 and 2-7-3.
If those issues assume that the serving cell and the target cell don’t belong to the same timing advance group, some scheduling restriction will need to be considered. In this case, our preference is option 2.
Otherwise, if the serving cell and the target cell are assumed to belong to the same timing advance group, scheduling restriction can be relaxed, i.e. option 1 may be suitable.

	CMCC
	Support option 4. Our main consideration is that the impacted data symbols need to be differentiated based on whether the timing of the target cell is aligned with the serving cell timing. If the timing of the target cell is aligned with the serving cell timing, no additional data OFDM symbol is impacted.

	OPPO
	Support option 3 considering the worst case. We can also compromise to option 4.
To vivo, I understand your concern. We think the original wording is fine as it also means X =0.

	Nokia
	Support Option2.
In our views, the UE is not required to measure the CSI-RS resource if there is timing problem. It is sufficient to leave X=1 OFDM symbol for the scheduling restriction. 

	Qualcomm
	Option1 for type1.1 UE in [224]
Option3 for type1.2 UE in [224]
In our view, schedule restriction is w.r.t the serving cell. For UEs within the same serving cell, some may has neighbor cell timing ahead and some have lagging neighbor cell timing. So we ask if option 3 shall be 3 symbols restricted instead of 2 symbols.

	LGE
	Support Option 2.
When UE is not able to support mixed numerology between data and CSI-RS L3 mobility, duration of data symbol and CSI-RS symbol are same. In this case, one additional symbol (before or after) is affected, but, serving cell does not know which symbol (before or after) is affected. Therefore, one additional symbol before and after each consecutive CSI-RS symbol is restricted.

	CATT
	Support option 1. The same principle as SSB based measurement shall be reused.

	ZTE
	Option 2 would be fine. It depends on how CSI-RS measurement is conducted, single FFT or multiple FFT.

	Xiaomi
	Prefer Option 2. If single FFT is assumed in this WID, then no additional before and after OFDM symbol is needed.

	Qualcomm
	As vivo comments to correct the typo, we need to revise our position. 
Add an option5 for type1.1 UE in [224] and option5 doesnot require any restrictions
Option2 for type1.2 UE in [224], that is “[X] additional symbols before and after each consecutive CSI-RS symbols” where X=1

	Apple
	Support Option 2. Reuse SSB related scheduling restriction margin, which is 1 OFDM symbol before and after. However, this is based on the assumption of multiple FFT



Issue 2-7-2: When UE performs CSI-RS intra-frequency measurements in a TDD band, except that UE is not expected to transmit on data OFDM symbols overlapped by CSI-RS resource symbols to be measured, whether to restrict scheduling [X] additional symbols before and after each consecutive CSI-RS symbols?
· Proposals
· Option 1: 
· UE is not expected to transmit as well by the T2R and R2T switching time before and after the CSI-RS resource symbols.
· Option 2: X= 1 data OFDM symbols
· Option 3: X= 2 data OFDM symbols
· Option 4: No need for scheduling restriction for this case.
· Recommended WF
· Need more discussion

	Issue 2-7-2: When UE performs CSI-RS intra-frequency measurements in a TDD band

	Company
	Comments

	vivoXXX
	Option 4.
We do not think there is need for scheduling restriction for this case. The pre-emption of scheduling of URLLC traffic over CSI-RS is already agreed in RAN1. In this case similar approach can be adopted.

	Huawei
	Still depends on the conclusion of Synchronization assumption in thread [224]. The principle is that X is the impacted data OFDM symbols which are overlapped with to-be-measured CSI-RS resources.

	MTK
	Support Option 1.

	Docomo
	Same as issue 2-7-1, if the serving cell and the target cell are assumed not to belong to the same timing advance group, our preference is option 2, otherwise, scheduling restriction can be relaxed, i.e. option 4 may be suitable

	CMCC
	Same comments as for Issue 2-7-1

	OPPO
	Support option 3 considering the worst case.

	Nokia
	Support Option2.
What is the reason to define more OFDM symbols before and after the CSI-RS resource?  

	Qualcomm
	Option1 is supported.

	LGE
	Support Option 2.
Since data symbols are affected, the scheduling restriction is needed and it is sufficient X = 1 for scheduling restriction. 

	CATT
	Same as issue 2-7-1. 

	ZTE
	Depending on synchronization assumption.

	Xiaomi
	Prefer Option 2. If single FFT is assumed in this WID, then no additional before and after OFDM symbol is needed.

	Qualcomm
	We noticed the wording subtlety of this topic and change to support option2.

	Apple 
	Support Option 2. Reuse SSB related scheduling restriction margin, which is 1 OFDM symbol before and after. However, this is based on the assumption of multiple FFT



Issue 2-7-3: When UE performs Rx beam sweeping in FR2 band, except that UE is not expected to transmit or receive on data OFDM symbols overlapped by CSI-RS resource symbols to be measured, whether to restrict scheduling [X] additional symbols before and after each consecutive CSI-RS symbols?
· Proposals
· Option 1: Additional symbols before and after CSI-RS symbols are not needed.
· Option 2: 1 data OFDM symbols
· Option 3: 2 data OFDM symbols
· Recommended WF
· Need more discussion
	Issue 2-7-3: When UE performs Rx beam sweeping in FR2 band

	Company
	Comments

	vivoXXX
	Option 1.
Moreover, we think there is one typo for this. 
“Additional symbols before and after CSI-RS symbols are not scheduledneeded”
[updated view]
Based on discussion with companies I realized that the wording of this discussion is not aligned with the WF from last meeting.
Based on this wording, our preference is Option 2.

	Huawei
	Still depends on the conclusion of Synchronization assumption in thread [224]. The principle is that X is the impacted data OFDM symbols which are overlapped with to-be-measured CSI-RS resources.

	MTK
	Support Option 1

	Docomo
	Same as issue 2-7-1, if the serving cell and the target cell are assumed not to belong to the same timing advance group, our preference is option 2, otherwise, scheduling restriction can be relaxed, i.e. option 1 may be suitable

	CMCC
	Same comments as for Issue 2-7-1

	OPPO
	Same comments as for issue 2-7-1.

	Nokia
	Support Option2.

	Qualcomm
	Option1.

	LGE
	Support Option2.
Same comment as for Issue 2-7-2.

	CATT
	Support option 1.

	ZTE
	Depending on synchronization assumption.

	Xiaomi
	Prefer Option 2. If single FFT is assumed in this WID, then no additional before and after OFDM symbol is needed.

	Qualcomm
	Change to support option2 that is “[X] additional symbols before and after each consecutive CSI-RS symbols” where X=1

	Apple
	Support Option 2. Reuse SSB related scheduling restriction margin, which is 1 OFDM symbol before and after. However, this is based on the assumption of multiple FFT




Issue 2-7-4: Whether to specify scheduling restriction for associated SSB
· Proposal: 
· Option 1: The scheduling restriction for associated SSB should also be specified, and the existing SSB requirements can be re-used. 
· Recommended WF
· Need more discussion
	Issue 2-7-4: Whether to specify scheduling restriction for associated SSB

	Company
	Comments

	vivoXXX
	If associated SSB is counted as one separate SSB layer, then scheduling restriction for it should be specified.

	Huawei
	Support option 1. The proposal seems straight forward.

	MTK
	Support Option 1.

	OPPO
	Option 1 is fine.

	Nokia
	Support Option 1.

	Qualcomm
	Can we please clarify what are restrictions for associated SSBs? E.g. sharing the same SMTC as SSBs for mobility?

	CATT
	Support option 1.

	ZTE
	Clarification is needed on what restriction is. Furthermore the restriction is not applied when UE is performing CSI-RS measurements.

	Xiaomi
	Would like to understand the motivation to define the scheduling restriction for associated SSB.

	Apple
	Follow what has been specified for SSB L3 measurement related scheduling restriction 




Sub-topic 2-8: Measurement Restriction
Issue 2-8-1: Collision between CSI-RS L3 measurement of neighbor cell and serving cell measurement for RLM/BFD or other CSI-RS L1 measurements
· Proposal: 
· Option 1: Do not define CSI-RS measurement requirements for such collision case in Rel-16.
· Option 2: Network should avoid collision.
· Recommended WF
· Option 1

	Issue 2-8-1: Collision between CSI-RS L3 measurement of neighbor cell and serving cell measurement for RLM/BFD or other CSI-RS L1 measurements

	Company
	Comments

	vivoXXX
	This is already discussed in issue 2-5-1.
If UE does not support corresponding capability, there is no requirement. Option 1 is fine to us.

	Huawei
	Prefer option 1.

	MTK
	Either option is OK

	Docomo
	Support option 1.

	CMCC
	Considering the limited timeline, we are OK with recommended WF (option 1).

	OPPO
	Option 1 is fine.

	Nokia
	Support Option 1.

	Qualcomm
	Recommended WF is agreeable.

	LGE
	Prefer option 2, but, for the progress, we are fine to option 1.

	CATT
	Support option 1. In our understanding, the two options are the same in essence. No matter which option is agreed, the collision case will not be considered when defining requirements in R16. 

	ZTE
	Support Option 1.

	Apple 
	Support Option 1.




Companies views’ collection for 1st round 
Open issues 
Moderator: please comment directly in the tables under the text of corresponding issues in clause 2.2. 
CRs/TPs comments collection_
Major close to finalize WIs and Rel-15 maintenance, comments collections can be arranged for TPs and CRs. For Rel-16 on-going WIs, suggest to focus on open issues discussion on 1st round.
Moderator: Comments collection for CRs on CSSF can be directly done under sub-topic 2-6.
	R4-2011116
	CR on CSI-RS based intra-frequency measurement requirements
	Huawei, Hisilicon

	R4-2010390
	38.133 CR on introduction of CSI-RS based intra-frequency measurement
	Nokia, Nokia Shanghai Bell

	R4-2010391
	38.133 CR on CSI-RS based intra-frequency measurement requirements
	Nokia, Nokia Shanghai Bell

	R4-2010715
	CR on inter-frequency CSI-RS L3 measurements requirements
	OPPO

	R4-2009763
	CR on capabilities for support of event triggering and reporting criteria
	Xiaomi

	R4-2011174
	CR on reporting criteria for CSI-RS measurement
	Huawei, Hisilicon

	R4-2011416
	CR on scheduling restriction for CSI-RS based intra-frequency measurement
	Qualcomm



	CR/TP number
	Comments collection

	xxx
	Company A

	
	Company B

	
	

	xxxx
	Company A

	
	Company B

	
	

	
	Company A

	
	Company B

	
	

	
	Company A

	
	Company B

	
	



Summary for 1st round 
Open issues 
Moderator tries to summarize discussion status for 1st round, list all the identified open issues and tentative agreements or candidate options and suggestion for 2nd round i.e. WF assignment.
	
	Status summary 

	Sub-topic#1
	Tentative agreements:
Candidate options:
Recommendations for 2nd round:




	
	Status summary 

	Sub-topic#2-1
	Issue 2-1-1: How to define requirements for with index and without index
Tentative agreements: 
Keep agreements in last meeting and clarify whether SBI acquisition can be skipped, which depends on whether deriveSSB-IndexFromCell is configured. 
· Option 1: 
· T CSI-RS_identify_intra = (TPSS/SSS_sync + T CSI-RS_measurement_period_intra + TSSB_time_index) ms
· T CSI-RS_identify_inter = (TPSS/SSS_sync + T CSI-RS_measurement_period_inter + TSSB_time_index) ms
If deriveSSB-IndexFromCell is indicated, UE can skip PBCH decoding, i.e., TSSB_time_index = 0. 
If UE has already detected the SSB of the target cell, UE can skip cell detection, i.e., TPSS/SSS_sync = 0.
Candidate options:
Recommendations for 2nd round:   No more discussion is suggested.

Issue 2-1-2: CSI-RS intra-frequency measurement period
Tentative agreements: 
Option 1(5 samples) as majority view is suggested
Candidate options:
· Option 1: 5 samples 
Supported by: vivo, Huawei, MTK, OPPO, Qualcomm, CATT, Xiaomi, Apple, Intel
· Option 2: 3 samples
Supported by: Nokia, NEC, ZTE
Recommendations for 2nd round: 
No more discussion is suggested. Compromise is expected from proponents of option 2.




	
	Status summary 

	Sub-topic#2-2
	Issue 2-2-1: Whether to introduce a longer tuning time for CSI-RS based measurement
Tentative agreements:  Option 2 as majority view
· Option 2: The tuning time for CSI-RS based measurement is equal to the gap switch time for measuring the inter-frequency SSBs.
Candidate options:
· Option 2: vivo, MTK, Docomo, CMCC, OPPO, Nokia, CATT, ZTE, Apple, Huawei
· Option 1a/ option 3: Qualcomm
Recommendations for 2nd round:.
No more discussion is suggested. Compromise is expected from proponents of other option.


	Sub-topic#2-3
	Issue 2-3-1: Time-domain restriction (measurement window) on CSI-RS resources configuration
Tentative agreements:  The majority view is  measurement window 5ms (option 2). 
· Confine CSI-RS resources within 5ms measurement window
Candidate options:
[Moderator]:Suggest to focus on how to define time domain restriction for intra-frequency measurement, which can be reused for inter-frequency.
1. Do not associate CSI-RS location with SMTC
· Option 2: Docomo, CMCC, Nokia, CATT, ZTE, Huawei
i.e. if necessary NW can make the CSI-RS measurement window same as SMTC window
2. Clarify the relation of CSI-RS location and SMTC 
· Option 2a (MTK, Apple, OPPO) : Confine CSI-RS within SMTC
· Option 2b (QC): CSI-RS does not overlap with configured SMTC window
· Option 3 (vivo): Configure CSI-RS measurement window after SMTC
Recommendations for 2nd round:
Whether or How to define the relation between CSI-RS and SMTC can be further confirmed. 
Further discuss whether to define the relation between CSI-RS and SMTC.
· Compromise suggestion: Do not associate CSI-RS location with SMTC and consider the worst case for CSSF

Issue 2-3-2: Whether different time domain restriction need to be considered for intra-frequency measurement and inter-frequency measurement
Tentative agreements:  
Define the same measurement time windows for both intra-frequency measurement and inter-frequency measurement in Rel-16. 
· Option 2: the same time domain restriction
Candidate options:
· Option 1(YES): vivo, Qualcomm
· Option 2(NO): Huawei, MTK, OPPO, Nokia, CATT, ZTE, Xiaomi, Apple
Recommendations for 2nd round:
Compromise is expected from proponents of option 1.

Issue 2-3-3: Frequency domain restriction on CSI-RS resources configuration
Tentative agreements:  Option 2 as majority view
· do not introduce frequency domain restriction, e.g. CSI-RS BW should always cover the SSB configured in the same MO  
Candidate options:
Whether to introduce frequency domain restriction, e.g. CSI-RS BW should always cover the SSB configured in the same MO
· Option 1(Yes):  MTK, OPPO
· Option 2 (No):  vivo, Huawei, Docomo, CMCC, Nokia, NEC, Qualcomm, CATT, ZTE, Apple
Recommendations for 2nd round: 
Compromise is expected from proponents of option 1.


	Sub-topic#2-4
	Issue 2-4-1: Whether UE is required to perform RX beam sweeping when CSI-RS is QCL-ed to the associated SSB for FR2
Tentative agreements:  Option 2 as majority view
· Option 2: UE is required to perform Rx beam sweeping for CSI-RS based L3 measurement in FR2, in the case that CSI-RS resources in the same OFMD symbol are QCL-ed with different associated SSB
Candidate options:
· Option 2(YES): Vivo, Huawei, MTK, OPPO, NEC, CATT, ZTE, Xiaomi, Qualcomm, Apple
· Option 1(NO): Docomo, Nokia
Recommendations for 2nd round:
Compromise is expected from proponents of option 1. Further discuss scaling factor in issue 2-4-2.

Issue 2-4-2:  If issue 2-4-1 is yes, how to define the requirement for RX beam sweeping
Tentative agreements:  N/A
Candidate options:
· Option 1a (vivo): N equals to min(the number of neighbor cells, 8).
· Option 1b (Huawei, Xiaomi, vivo, MTK, OPPO): N =8
· Option 1c (Qualcomm, ZTE): N equals to number of neighbor cells
· Option 1d (Apple): scaled by number of different associatedSSB
Recommendations for 2nd round: 
Need more discussion during CR review (R4-2011116, R4-2010715).


	Sub-topic#2-5
	Issue 2-5-1: New UE capability on the simultaneous reception of CSI-RS and SSB/Data
Tentative agreements:  N/A
Option 4 is majority view, but still pending on the conclusion of issue 2-6-1
· If option 1 in issue 2-6-1 was agreed,  new UE capability is needed (Option 4 in Issue 2-5-1 ).
· If option 2a in issue 2-6-1 was agreed, new UE capability may be not needed (Option 2 in Issue 2-5-1). 
Candidate options:
· Option 2: (ZTE, Docomo)
· Not to introduce new UE capability 
· Option 4: (vivo, CMCC, Nokia, NEC, CATT, Qualcomm, OPPO, Apple, MTK, Huawei)
· Introduce new UE capability on the simultaneous reception of CSI-RS and SSB. 
· FFS: Simultaneous reception of CSI-RS, SSB and data
Recommendations for 2nd round: 
Need more discussion based on the conclusion of issue 2-6-1.

	Sub-topic#2-6
	Issue 2-6-1: Searcher assumption for CSI-RS based measurement 
Tentative agreements: 
At least no additional searcher for CSI-RS based L3 measurement (for PSS/SSS detection). 
· FFS whether CSI-RS measurements need additional dedicated processor. 
· Option 2a as majority view is suggested to move forward.
Candidate options:
· Option 1: (Apple, Huawei) 
· Synchronization and measurement for CSI-RS based measurement can use the same searcher for SSB based measurement 
· Option 2a: (MTK, CMCC, OPPO, Nokia, Qualcomm, CATT, ZTE, Xiaomi)
· Additional 1 dedicated processor/engine for CSI-RS based measurement.
Recommendations for 2nd round:
Discuss revised CR for CSSF based on R4-2010057 (option 1) and R4-2010314 (option 2).
	1 dedicated searcher for CSI-RS
	R4-2010314
	MediaTek

	Same searchers for CSI-RS and SSB
	R4-2010057
	Apple



Issue 2-6-2 (CSSF outside gap)
Tentative agreements: N/A
Depend on the conclusion of issue 2-6-1. Discuss CR for CSSF in 2nd round.
Candidate options:
· Option 1: The same searcher for CSI-RS and SSB based measurement
· CR R4-2010057
· Option 2a: Additional 1 dedicated processor/engine for CSI-RS based measurement.
· CR R4-2010314
Recommendations for 2nd round:
Discuss CR for CSSF based on R4-2010057(Apple) and R4-2010314(MediaTek)

Issue 2-6-3 (CSSF within gap)
[Moderator]: Concerns (from MTK, QC, ZTE) can be solved once agreed on time-domain restriction and MO definition
Tentative agreements: 
Option 1 as majority view. 
· Option 1(Apple, OPPO, Huawei, CATT, Xiaomi): 
· Define the CSSF within gap assuming CSI-RS and SSB should be considered as different frequency layers. 
· Considering only one MO (i.e., SSB or inter-frequency CSI-RS based MO) can be measured within each gap instance due to sharing of the gap between SSB and CSI-RS MOs
Candidate options:
Recommendations for 2nd round: 
Discuss CR for CSSF based on R4-2010057(Apple) and R4-2010314(MediaTek)


	Sub-topic#2-7
	[Moderator] This sub-topic may relate to synchronization assumption. 
Issue 2-7-1: When UE is not able to support mixed numerology between data and CSI-RS L3 mobility, except that UE is not expected to transmit or receive on data OFDM symbols overlapped by CSI-RS resource symbols to be measured, whether to restrict scheduling before and after each consecutive CSI-RS symbols?
Tentative agreements: N/A
Further discuss the requirement of scheduling restriction in CR(R4-2011416).
Candidate options:
Additional [X] OFDM symbols except data OFDM symbols overlapped by to-be-measured CSI-RS resources:
· Option 1(X=0): MTK, CATT,
· Option 2(X=1): vivo, Docomo, Nokia, LGE, ZTE, Xiaomi, Apple
· Others: Huawei, Qualcomm, CMCC
· Depends on the conclusion of Synchronization assumption in thread [224]: 
· for type1.1 UE in [224] and does not require any restrictions (Option 1)
· for type1.2 UE in [224], that is “[X] additional symbols before and after each consecutive CSI-RS symbols” where X=1(Option 2)
Recommendations for 2nd round: 
Need more discussion. 

Issue 2-7-2: When UE performs CSI-RS intra-frequency measurements in a TDD band, except that UE is not expected to transmit on data OFDM symbols overlapped by CSI-RS resource symbols to be measured, whether to restrict scheduling [X] additional symbols before and after each consecutive CSI-RS symbols?
Tentative agreements: N/A.
Further discuss the requirement of scheduling restriction in CR(R4-2011416).

Candidate options:
Additional [X] OFDM symbols except data OFDM symbols overlapped by to-be-measured CSI-RS resources:
· Option 2(X=1): Docomo, Nokia, LGE, Xiaomi, QC, Apple, 
· Option 4(X=0): Vivo, CATT
· Others (Depending on synchronization assumption) : Huawei, CMCC and ZTE 
Recommendations for 2nd round: 
Need more discussion.

Issue 2-7-3: When UE performs Rx beam sweeping in FR2 band, except that UE is not expected to transmit or receive on data OFDM symbols overlapped by CSI-RS resource symbols to be measured, whether to restrict scheduling [X] additional symbols before and after each consecutive CSI-RS symbols?
Tentative agreements: N/A
Further discuss the requirement of scheduling restriction in CR(R4-2011416).

Candidate options:
Additional [X] OFDM symbols except data OFDM symbols overlapped by to-be-measured CSI-RS resources:
· Option 1(X=0): MTK, CATT,
· Option 2(X=1): vivo, Docomo, Nokia, LGE, QC, Xiaomi, Apple
· Others (Depends on Synchronization assumption): Huawei, ZTE, CMCC
Recommendations for 2nd round: 
Need more discussion.

Issue 2-7-4: Whether to specify scheduling restriction for associated SSB
Tentative agreements: Option 1 as majority view is suggested
Candidate options:
· Option 1: (vivo, Huawei, MTK, OPPO, Nokia, CATT, Apple)
· The scheduling restriction for associated SSB should also be specified, and the existing SSB requirements can be re-used. 
Recommendations for 2nd round: 
Compromise is expected from opponents of option 1(QC, Xiaomi, ZTE).
· If needed, clarify what the restriction is to solve their concerns.


	Sub-topic#2-8
	Issue 2-8-1: Collision between CSI-RS L3 measurement of neighbor cell and serving cell measurement for RLM/BFD or other CSI-RS L1 measurements
Tentative agreements:  Option 1 as majority view
· Option 1:
·  Do not define CSI-RS measurement requirements for such collision case in Rel-16.
Candidate options:
Recommendations for 2nd round: No more discussion is suggested





[bookmark: OLE_LINK37]Suggestion on WF/LS assignment 
	
	WF/LS t-doc Title 
	Assigned Company,
WF or LS lead

	[bookmark: _GoBack]#31
	Way forwards on CSI-RS L3 measurement capability and requirements
(sub-topic 2-1, 2-2, 2-3, 2-4, 2-7, 2-8)
	OPPO



	
	
	



CRs/TPs
Moderator tries to summarize discussion status for 1st round and provided recommendation on CRs/TPs Status update suggestion 
	CR/TP number
	CRs/TPs Status update recommendation  

	XXX
	Based on 1st round of comments collection, moderator can recommend the next steps such as “agreeable”, “to be revised”

	R4-2011116
	To be revised.

	R4-2010715
	To be revised.

	R4-2010314
	To be revised. [Moderator: final decision can depend on conclusion of CSSF]

	R4-2011416
	To be revised.

	R4-2009763
	To be revised. 

	R4-2011174
	Noted 
[Moderator: Merged into R4-2011174]

	R4-2010390
	Revised.
To resolve the concerns in 1st round discussion.
[Moderator: Partly merged into R4-2009844]

	R4-2010391
	Noted.
[Moderator: Merged into R4-2011116 and R4-2011416]

	R4-2010392
	Postponed. 

	R4-2010057
	To be reviesed. [Moderator: final decision can depend on conclusion of CSSF]



Discussion on 2nd round (if applicable)

Summary on 2nd round (if applicable)
Moderator tries to summarize discussion status for 2nd round and provided recommendation on CRs/TPs/WFs/LSs Status update suggestion 
	CR/TP/LS/WF number
	T-doc  Status update recommendation  

	XXX
	Based on 2nd round of comments collection, moderator can recommend the next steps such as “agreeable”, “to be revised”
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