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Introduction
Due to delay in the progress of WI for CSI-RS based L3 measurement, an exception sheet has been approved in RAN plenary meeting 88e [1]. This paper provides further discussions on our understanding of the WID[5] and the incomplete work tasks. Our goal is to propose viable simplifications for the completion of the core requirements in the time frame of Rel-16.
Further details regarding these remaining open issues can be referenced in 95e [2,3,6] if they are not captured by the RAN plenary meeting.
WID compliant UEs
The most fundamental assumption in the WID[5] is listed below. 
	Assumptions on Synchronization 
o	Single FFT is assumed for multiple cell measurements per frequency layer for both intra- and inter-frequency measurements.  


In our understanding, single FFT is the only assumption on the UE implementation. RAN4 discussions and core requirements shall be generic and compatible with any UEs compliant with the WID. To elaborate, single FFT requires UE to follow one timing, but which timing to use is up to UE implementation for the CSI-RS based measurement. 
Neither does WID imply or indicate any further assumptions on the choice of UE Rx spatial filter for performing the measurements. Hence it is also up to UE implementation to adopt a single Rx beam shared with the serving cell or alternative Rx beam specific to a neighbor cell or other potentially refined beam.
To conclude, WID compliant UEs can have many flavors of designs. However, the introduction of new feature requirements and test cases shall not preclude any UEs that meet with the WID assumption. A UE that maintains the elemental WID compliant functions shall be defined as a baseline UE. We propose,
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. 
Incomplete work tasks (RP 88e[1])
CSI-RS configuration applicability
	FFS on whether to define additional configuration {D=1 with PRBs ≥ 96}
      Note: In case the requirements are not finalized in RAN4 #96e, no Rel-16 requirements will be introduced for {D=1 with PRBs ≥ 96}. Topic will be handled with low priority.


In previous RAN4 e-meetings, some company raised the concern on majority agreed configuration of {D=3 with PRBs≥ 48} could cause stronger interference and/or higher overhead due to high density in CSI-RS tones. In our view, since it is agreed Rel-16 only considers intra-frequency measurement without MG, larger PRB size of 96RBs leads to more than 16Mhz assuming a SCS of 15Khz. So the CSI-RS resource may not fit in with smaller system bandwidth below 20Mhz. As to the concern on interference, this could be manageable via proper measurement time configuration or restriction which is still under discussion in RAN4. Lastly as majority companies have agreed to define the requirements only for {D=3 with PRBs = 48}, priority of any other configuration can be lowered so the discussion of performance can be started as anticipated. 
Proposal1: Rel-16 doesnot introduce the CSI-RS configuration of {D=1 with PRBs ≥ 96}, or the topic can be deprioritized. 
Scope of requirement
In both [1] and [2], there is an open issue about whether to perform Rx beam sweeping for CSI-RS based L3 measurement. 
	whether UE is required to perform Rx beam sweeping for CSI-RS based L3 measurement


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” . This agreement means CSI-RS based measurement can employ the same UE Rx spatial filter that is used for measuring and detecting its associated SSB as the two are configured to be QCLed.
Another concern of performing the UE Rx beam sweeping is due to the prolonged measurement time. Tentative RAN4 agreement on the number of intra frequency CSI-RS resources can be [24/32]. UE may have to switch its Rx beams [8] times for identifying the best Rx beam. Consequently, the measurement period could be substantially increased that discourages the deployment of the feature in FR2. 
With respect to the following two FFS’ in [2], we propose, 
	1. FFS: UE is not required to perform Rx beam sweeping for CSI-RS based L3 measurement
2. FFS on the case that 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.


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.
It is however possible, as the 2nd FFS above, that the conflict of UE Rx beams for measuring various CSI-RS resources can happen in the following situation,
1. Different CSI-RS resources of the neighbor cells are on the same symbols, and, 
2. Their associated SSBs lead to the choices of different Rx beams and/or cell timings .
Such a conflict may be resolved by imposing NW restrictions on the measurement configuration, and/or added UE complexity to resolve. However, in our view, a UE in compliance with the WID[5] shall always be allowed with minimum requirements and capabilities for the least complicated scenario in Rel-16. 
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.
UE capability 
According to [1], following UE capabilities are under discussion in the next RAN4 meeting. 
	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


The capability for simultaneous reception of CSI-RS of neighbour cell and SSB of serving cell was originally proposed in [3]. The concern as we understand is to address whether UE is capable of handling SSB and CSI-RS processing simultaneously. Such a capability is ultimately determined by the UE architecture. If UE is capable of enabling the existing capability of SimultaneousRxDataSSB-DiffNumerology, it implies a wideband processor for CSI-RS shall exist in parallel to the narrow band searcher for SSB, regardless of neighbor or serving cells. Based on such an observation, we think additional UE capability is not needed.
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. 
As we have proposed in 95e[4], the UE capability for a minimum separation between adjacent CSI-RS slots ( minSeparationTimeCSI-RS-RRM-slots) is aimed for providing another dimension of configurability for alleviating the complexity of measuring a large quantity of resources. Assume a total number of N resources can be scheduled. The number of measured slots shall be M= where maxNumberCSI-RS-RRM-RS-SINR declares the max number of measurements that UE can support on a slot basis. minSeparationTimeCSI-RS-RRM-slots allows UE to further declare needed time between every two adjacent slots with CSI-RS resources for measurement if any processor MIPs is required for online processing. The separation time can be multiples of SCS120Khz slot duration of 125us and the reported value depends on the UE MIPs budget which is up to a UE’s implementation. 
	Definitions for parameters
	Per
	M
	FDD-TDD DIFF
	FR1-FR2
DIFF

	minSeparationTimeCSI-RS-RRM
Defines the minimum separation for two consecutive 
slots that contains the CSI-RS resources for RRM in 
the unit of FR2 120Khz or 240 Khz slot. 

	UE
	CY
	No
	No


 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. (see the LS section of this paper)
Measurement requirement
Following open issues [1] are related to the feature requirements. 
	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


In our view, CSI-RS based measurement for RRM can be treated as an extension to the existing SSB based measurements for mobility. Since it is agreed Rel-16 only considers the CSI-RS resource with associated SSB, UE shall keep monitoring the associated SSB layers to detect the cells and measuring the signal strength with CSI-RS resources. 
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.
Convention of RAN4 is to define the UE capabilities per frequency layer. Technically given the MO and layer definitions that were agreed so far in RAN4, it is possible multiple MOs could be assigned on the same frequency layer. However, we think it is necessary to at least limit to one MO per layer in Rel-16 and avoid higher complexity at UE side. 
Propsoal7: We recommend one MO per frequency layer is considered in Rel-16.
For the requirements on “Number of CSI-RS layers/cells/beams”, it is noticed following issues are still open according to [2]. In principle the layers and cells that can be measured based on CSI-RS can be aligned with SSB based measurement. As fig.1 shows, we suggest companies focus on finalizing the number of CSI-RS resources as preliminary agreements(from 95e) have been achieved for numbers of layers and cells. From UE point of view, a larger number of CSI-RS resources will add to the implementation cost and incur a heavy load in a UE’s processing timeline. The two UE capabilities i.e. maxNumberCSI-RS-RRM-RS-SINR and minSeparationTimeCSI-RS-RRM-slots are hence strongly recommended to be considered by RAN4 for dealing with the increased complexity.
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Figure 1 R4-2009009 WF on CSI-RS based L3 measurement capability and requirements (95e)
Proposal8: RAN4 to agree on the number of CSI-RS resources/beams.
Cell identification requirement
[1] lists several issues below with respect to the cell identification requirements. 
	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


One observation is the cell identification based on SSB has been defined in the specification of 38.133 and UE behavior is different depending on the indication whether the neighbor cell is synchronous with the serving cell if deriveSSB-IndexFromCell is enabled. If yes, UE shall be able to identify the cell without extra time to acquire the SSB index by following the serving cell frame boundary. Similarly, for CSI-RS based measurement, the cell identification could follow the same approach and requirements can be defined with and without index.
Propsoal9: RAN4 can consider defining the cell identification time for CSI-RS based measurement for mobility based on whether deriveSSB-IndexFromCell is enabled.
For the inter-frequency CSI-RS based measurement, it has been agreed in RAN4 that it is conducted via measurement gap (MG) in Rel-16. Compared to the conventional MG for SSB based measurement, as we shared in section 2.5[4], for some UEs, the wideband path is reused for processing both the serving cell PDSCH/PDCCH and neighbor cells’ inter-frequency CSI-RS resources. When the wideband processor is suspended for the serving cell processing, it needs to be returned further for processing the inter-frequency CSI-RS resource that requires adjustment in both bandwidth and channel. We thus reiterate the proposal as below. 
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.
in proposal10, u is the index to the numerology, e.g. u=0 for SCS15Khz, u=3 for SCS120Khz.
Generally, the CSI-RS symbols donot reside in the beginning symbols of every slot, it is preferred the NW can also avoid populating the CSI-RS resources over the ending symbols in the last slot within the inter-frequency CSI-RS measurement window.
CSI-RS resources configuration
In 95e, following tentative agreements are provided in [2]. Since the CSI-RS configuration can be very flexible, it is desirable to impose further restrictions in compliance with the WID[5] while simplify the feature in the Rel-16 timeframe. 
	1. FFS: Confine CSI-RS resources within SMTC of the associatedSSB and the corresponding periodicity of SMTC should no more than 40ms In R16.  
FFS introduce CMTC in R17.
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


According to [1], introduction of CMTC in the Rel-16 is out of scope. There are two proposals of restricting the time domain CSI-RS resources configuration. 
One option is to borrow the SMTC configuration and confine the CSI-RS resources within the SMTC window. In our view, this method provides a relatively fixed way to limit the patterns of CSI-RS resources for RRM. But the approach could cause complications to the existing SSB based measurement period as SSB and CSI-RS have to share the SMTC window which gets very crowded due to TDM of both resources. Furthermore, SMTC window instance may have longer periodicity so potentially CSI-RS measurements are subject to longer delay.
Second option is more flexible that each resource can be allocated in time individually, which can use further constraints to regulate according to rules that have been listed above. For example, it is efficient to confine the CSI-RS resources within a “measurement window” even though Rel-16 does not introduce the CMTC. 
Intra-frequency CSI-RS resources configuration
The location of such a window can be placed per NW choice. However, it is still necessary to clarify whether on such a CSI-RS L3 window shall be further constrained. Consider the agreed types of CSI-RS measurements in Rel-16, the intra-frequency CSI-RS resources will be measured without gaps. In consequence, it is preferred the intra-frequency CSI-RS measurement window shall not be hit by the configured gap if any. Furthermore, if UE doesnot enable SimultaneousRxDataSSB-DiffNumerology, the location of CSI-RS intra-frequency measurement window shall avoid overlapping with any SMTC window as well. 
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. 
Inter-frequency CSI-RS resources configuration
Since Rel-16 only considers inter-frequency CSI-RS resources to be measured via gaps, and only one gap pattern is supported, it is obvious that the inter-frequency CSI-RS measurement window would have to overlap with the SMTC window and share the configured gap.
It is possible that within gap, the resources of SSB and inter-frequency CSI-RS for RRM may or may not be measured simultaneously depending on their channels and/or UE capability. So we think RAN4 would have to consider modifying the existing CSSF within the gap to reflect the sharing by both SSB and CSI-RS MOs.  
Since there can be more than one inter-frequency layers for CSI-RS as agreed by RAN4, the inter-frequency CSI-RS resources shall be configured within a measurement window per layer to ensure one layer can be measured and completed using one gap instance. Recall we have proposed one MO per layer in the proposal7. This means the derivation of CSSF within the gap shall be modified as. Mtot,i,j = Mintra,i,j + Minter,i,j + Minter,CSI-RS,i,j , where Minter,CSI-RS,i,j  represents the number of inter-frequency CSI-RS MOs.
Observation4.1: inter-frequency CSI-RS MOs will have to 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 worst-case scenario 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.
Scheduling restriction
The scheduling restrictions were listed in both [1] and [2] to address following cases. 
	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.


In our understanding, FFS#1 depends on the UE behavior for processing simultaneous serving cell channels/signals and neighbor cell CSI-RS signals. However, in our view, the notion of mixed numerology of data and CSI-RS L3 signal is not compliant with the WID assumption of single FFT. Thus FFS#1 shall not be a valid proposal.
Instead, the discussion shall focus on the UE that has single FFT shared by serving cell data and neighbor cell CSI-RS L3. When a UE sticks to the serving cell timing, measurement of CSI-RS signal in FR1 shall not require any interruption in the serving cell while it is possible that the neighbor cell intra-frequency CSI-RS measurement may degrade in its accuracy due to potential larger timing error between the neighor cell and serving cell. 
Since the baseline UE prioritizes the serving cell traffic with minimum interruption during CSI-RS based measurement for RRM, which suffices the minimum requirements. We propose, 
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.
For FFS2, it is straightforward that UE cannot transmit at the same time during reception in the TDD band. Following restriction can be considered.
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.
Specific to FR2, the scheduling restriction may be imposed if UE has to employ an alternative Rx beam other than the one for the reception of serving cell traffic. So we can have,
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.
Collision case
	The collision case between L1 measurement of serving cell and CSI-RS L3 measurement of neighbour cell


In [1], it is suggested by companies that CSI-RS based measurement for L3 shall be assigned to avoid collision with L1 measurement. Assume L1 measurement refers to the SSB based measurement and as our proposal11.1, intra-frequency CSI-RS measurements shouldnot collide with the L1 measurement if the CSI-RS measurement window doesnot overlap with the SMTC window. Given our proposal11.3, since inter-frequency CSI-RS resources shall locate within the gap that covers the SMTC window, the collision can be avoided by sharing of the gap by SSB measurement and inter-frequency CSI-RS based measurement.
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.
CSSF
RAN4 also discussed CSSF for the measurement period of CSI-RS based measurements in [1] and [2] with preliminary agreements as below.
	For within gap:
Option 1:
All CSI-RS in the same MO should follow the same time-domain relation with gap, e.g., either fully overlapped with gap, partially overlapped with gap or fully non-overlapped with gap 
Option 2:
If additional dedicated searcher is assumed for CSI-RS measurement, no impact on existing CSSF defined for SSB based measurement specified in 38.133. 
Otherwise, the CSSFs for FR1/FR2 SCC shall be updated by considering the CSI-RS based intra-frequency and inter-frequency measurement without gap and within gap respectively.

From MO perspective:
Option 13: 
If a UE is configured with both CSI-RS-Resource-Mobility and ssb-ConfigMobility in one MO, the CSSF calculation shall consider SSB MO and CSI-RS MO.


To derive the CSSF, one observation is Rel-16 only considers the intra-frequency measurement without MG and inter-frequency measurement with MG. As a result, the scope of CSSF discussion can be reduced.
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.
To further establish the principles of deriving the CSSF, both option 1 and option 2 as above are necessary to be clarified or agreed by RAN4.
Assume a measurement window of CSI-RS resources shall be agreed as proposed in proposals11-12, the CSSFoutside_gap,i ,CSI-RS can be applied to the intra-frequency CSI-RS measurement object i if its measurement window doesnot overlap with any configured MG. Similarly, CSSFwithin_gap,i,CSI-RS can be introduced for inter-frequency CSI-RS based measurement. So we have following proposal to extend option 1.
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.
As another working assumption, it is reasonable to assume the CSI-RS processing shall not share the same searcher as that of SSB based processing as CSI-RS signal can be wider band by nature. By contrast, SSBs, as a narrow band signal is processed and measured by the searcher conventionally. Due to this observation, it suffices to establish a dedicated processor shall be employed for the CSI-RS based measurement for L3.
Regardless of whether such a processor is shared with the serving cell processor, e.g. for the baseline UE, if our proposal11.1 can be agreed, the CSSF for SSB based measurement within the gap shall be modified as our proposal 11.2 to account for extra measurement delay due to sharing of the gap between SSB and CSI-RS MOs.
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.
Synchronization assumption
In principle, for UE to conduct CSI-RS based measurement, single FFT is employed according to WID[5]. When measuring simultaneous multiple CSI-RS resources from one or multiple neighbor cells, UE must stick to one and only one timing. It is expected only cells with arrival timings within the half CP of UE measurement timing are deemed measurable with acceptable accuracy. We believe this is actually what has been called out in [6] and [7] as one of the open issues and is indirectly listed as the synchronization assumption in the exception sheet[1].
	Issue 2-5-5: Scheduling restriction if the timing difference between serving and neighbor cell including cell phase synchronization is guaranteed to be less than CP length [6]

	For CSI-RS measurement with associated SSB, [7]
Option 1: RAN4 to address the issue of timing difference between the arrival of the CSI-RS and UE’s FFT timing in the performance part.
Option 2: the corresponding timing of CSI-RS resources should be assume the same as the timing of the cell given by the cellId of the CSI-RS resource configuration.
Option 3: introduce the UE capability to differentiate the following 2 types of UEs. 
Type 1: UE supporting using only single timing for CSI-RS measurement per frequency layer
Type 2: UE supporting using timing of associated SSB for respective CSI-RS measurement


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.
In the previous meetings, companies also had concerns that neighbor cells can have larger timing difference when arriving at the UE. In a more realistic deployment, it is possible to impose further restrictions on CSI-RS configuration that avoids simultaneous resources with large cell timing differences. However, for a baseline UE, such a configuration may not help. If only a UE could support the capability to adjust its timing according to the neighbor cell as Proposal3.2 instead of using the serving cell timing for measurement, the issue could be mitigated but cannot be fully resolved if there are multiple asynchronous neighbor cells due to single FFT constraint.  
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.
Conclusions
To summarize our proposals, we also index the proposals with the corresponding sub agenda number according to “Agenda for RAN4 #96-e”. 
	Proposals and observations
	Agenda number

	ProposalA
	7.14.1	RRM core requirements (38.133)
7.14.1.2	CSI-RS based intra-frequency and inter-frequency measurements definition

	Proposal1
	7.14.1.1	CSI-RS measurement bandwidth

	Observation1
Proposal2
	7.14.1.4	Intra-frequency and inter-frequency measurement requirements

	Observation2, observation 2.1
Proposal3, proposal3.1, proposal3.2
	7.14.1.4	Intra-frequency and inter-frequency measurement requirements

	Proposal4
	7.14.1.4	Intra-frequency and inter-frequency measurement requirements

	Proposal5, proposal5.1
	7.14.1.4	Intra-frequency and inter-frequency measurement requirements

	Proposal6
	7.14.1.3	Measurement capability

	Proposal7
	7.14.1.3	Measurement capability

	Proposal8
	7.14.1.3	Measurement capability

	Proposal9
	7.14.1.4	Intra-frequency and inter-frequency measurement requirements

	Observation3
Proposal10
	7.14.1.4	Intra-frequency and inter-frequency measurement requirements

	Observation4, observation4.1, observation4.2, observation4.3
Proposal11, proposal11.1,proposal11.2,proposal11.3
	7.14.1.4	Intra-frequency and inter-frequency measurement requirements

	Observation5
Proposal12
	7.14.1.5	Other requirements

	Proposal13
	7.14.1.5	Other requirements

	Proposal14
	7.14.1.5	Other requirements

	Proposal15
	7.14.1.5	Other requirements

	Observation6
Proposal16
	7.14.1.5	Other requirements

	Proposal17
	7.14.1.5	Other requirements

	Proposal18
Observation7
	7.14.1.2	CSI-RS based intra-frequency and inter-frequency measurements definition
7.14.1.5	Other requirements


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.
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1. Overall Description:
According to RAN4’s “WF on CSI-RS based L3 measurement capability and requirements” in 95e[R4-2009256], companies had concerns on whether UE is capable of handling consecutive slots with CSI-RS resources for L3 purpose. 
As an example, if UE is configured to measure N resources in slot m by the network, due to MIPs limit, it is possible that UE require certain separation time in the immediate next slot before UE is able to process additional measurements.
Since such a separation in time can depend on the UE, it is proposed a new UE capability to capture the requirement. And NW may accordingly configure the CSI-RS resources for each UE individually to ensure the processing timeline on the UE side is not violated.
The separation time can be multiples of SCS120Khz slot duration of 125us in 0,1,2,4,8,16 etc. and the reported value depends on the UE MIPs budget which is up to a UE’s implementation. 
	Definitions for parameters
	Per
	M
	FDD-TDD DIFF
	FR1-FR2
DIFF

	minSeparationTimeCSI-RS-RRM
Defines the minimum separation for two consecutive 
slots that contains the CSI-RS resources for RRM in 
the unit of FR2 120Khz or 240 Khz slot. 

	UE
	CY
	No
	No



2. Actions:
RAN4 respectfully asks RAN2 to take the information provided in this liaison statement into account for the signalling design of UE capabilities related to CSI-RS based measurement for L3.


3. Date of Next RAN WG4 Meetings:
TSG-RAN4 Meeting #97e	16 - 20 Nov 2020		US, US 
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