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Introduction
This paper aims to provide more comments on the pending issues as indicated in the WF [1] of previous e-meeting. Related email thread was Email discussion summary for [94e Bis][125] NR_CSIRS_L3meas_RRM_Part_2.
Discussion
0. Measurement capabilities
The measurement capabilities of CSI-RS are defined via number of MOs, frequency layers, number of cells and total number of CSI-RS resources.
MO v.s. frequency layer
As there have been many options presented by companies, several issues remain open due to the pending definitions of intra-frequency v.s. inter-frequency measurements. In this section, we assume the tentative agreement on the definition of intra-frequency and the tentative requirement on the same BW of all the CSI-RS resources [2], and propose the requirements in the context of Rel-16.
In WF[1],
	Measurement capabilities per MO or per layer
· Option 1: per frequency layer
· Option 1a (CATT, Nokia): a frequency layer is identical to an MO 
· Option 1b (ZTE, Apple): One or multiple MOs can be one frequency layer.
· Option 2: per MO
· A frequency layer is identical to an MO 
· Option 3: Measurement capabilities per MO or per layer are the same, since single MO is configured per frequency layer, 
· CSI-RS resources in the same MO should have the same center frequency, SCS and CP type.


Per tentative agreement on the definition of the intra-frequency measurement, center frequency is the main factor to classify the measurements in addition to SCS (and CP for 60Khz). In our view, this is in line with the purpose of the frequency layer as an overall measurement dimension while MO provides a way of describing the resources in additional angles such as startPRB, nPRBs, SSB association etc. Hence, it is possible that one or multiple MOs dwell on the same frequency layer because the MO by its data structure can derive distinct categories of resources to be measured. So we support Option1b in the following proposal.
Proposal1: CSI-RS measurement capabilities can be specified per frequency layer. And option 1b is supported. 
Further note in WF [1], the agreement has been to adopt the same capability as Rel-15 for total number of carriers comprising of any combination of NR, E-UTRA FDD, E-UTRA TDD and UTRA FDD layers i.e.,
“The total number of carrier UE shall be capable of monitoring at least 13 effective carrier frequency layers”.
Number of NR frequency layers
Specific to NR frequency layers, the envelope of the total number of inter-frequency layers shall be determined by what is supported based on SSB. According to 38.133, “The UE shall be capable of monitoring a total of at least [7] effective NR carrier frequency layers excluding NR serving carrier(s), which are configured by PCell and PSCell.” Thus, we have following proposal w.r.t below FFS issue.
	CSI-RS based NR inter-frequency layers
· Option 1 (MediaTek, OPPO, Qualcomm, CATT, Apple, Huawei): 
· UE shall be able to measure at least 7 NR frequency layers in total, including SSB frequency layers and CSI-RS frequency layers. 
· Option 2 (CMCC): 
· UE shall be able to measure at least [3] CSI-RS frequency layers. 
· UE shall be able to measure at least 8 NR frequency layers in total, including SSB frequency layers and CSI-RS frequency layers. 
· Option 3 (ZTE): 
· UE shall be able to measure at least [7] CSI-RS frequency layers


Proposal1.1: Regardless of SSB or CSI-RS, total number of NR inter-frequency layers shall be the same. At least 7 effective NR carrier frequency layers shall be measured for UE. Option 1 is supported.
It shall also be pointed out that Option 2 can be harmonized with Option1 if it allows UE measure at least 7 layers instead of 7 while Option1 doesnot preclude UE to measure at least [3] CSI-RS frequency layers.
Number of cells to be monitored
We have proposed that requirements shall only be defined for CSI-RS resource with associated SSB, which means the number of identifiable cells is effectively determined by what can be allowed via SSB measurement. This leads to our preference on the shared capability between SSB and CSI-RS. 
	· Option 1 (MediaTek, OPPO, Qualcomm, Nokia): Shared capability for CSI-RS&SSB
· Number of monitored cells is determined by the UE capability based on SSB based measurements.
· Option 2(Huawei, CATT, CMCC):  Separated capability for CSI-RS
· Option 2a (Huawei): 
· Re-use the SSB requirements for CSI-RS on number of cells UE shall monitor per layer.
· Option 2b (CMCC): 
· For each intra-frequency layer, UE is capable of measuring [8] CSI-RS cell; 
· For each inter-frequency layer, UE is capable of measuring [4] CSI-RS cell.
· Option 3(ZTE): Capabilities for CSI-RS only and CSI-RS&SSB
· UE shall be capable of performing CSI-RS based measurements for at least [8] identified cells in FR1 for intra frequency measurement and at least [4] identified cells in FR1 for inter frequency measurement, at least [6] identified cells in FR2 for intra frequency measurement and at least [4] identified cells in FR2 for inter frequency measurement.
· UE shall be capable of performing SSB and CSI-RS based measurements for at least [12] identified cells in FR1 for intra frequency measurement and at least [6] identified cells in FR1 for inter frequency measurement.
· UE shall be capable of performing CSI-RS based measurements for at least [9] identified cells in FR2 for intra frequency measurement and at least [6] identified cells in FR2 for inter frequency measurement.


For above FFS, we propose,
Proposal1.2: Option1 is supported and number of monitored cells is shared for CSI-RS and SSB per frequency layer. 
Number of CSI-RS resource/beams to be monitored
To project how many of the CSI-RS beams to monitor realistically, we need to consider the fact that the feature is intended for mobility purpose and enabled with refined gNB Tx beams. In that perspective, neighbor cell CSI-RS beams shall be chosen to balance the coverage and beamforming. 
With that, a baseline could be obtained by assuming several child beams can be derived from the parent SSB beam. If each cell is monitored via one SSB, then it could take more CSI-RS beams for monitoring the same number of cells.
Proposal1.3: the number of neighbor CSI-RS beams can be equal or more than that of the SSB. As a baseline, following numbers of monitored CSI-RS beams are considered.
· For FR1, 16 and 8 CSI-RS resources for intra-f and inter-f measurements, respectively. 
· For FR2, 24 and 16 CSI-RS resources for intra-f and inter-f measurements, respectively. 
This proposal is close to Option3.

	· Option 1(CATT, Huawei): UE shall monitor at least 32 CSI-RS resources per frequency layer 
· Option 2(ZTE): Define different UE capability for different scenarios, and number of CSI-RS resources shall be monitored by UE,
· [24] CSI-RS resources for intra frequency measurements in FR1
· [48] CSI-RS resources for intra frequency measurements in FR2,
· [16] CSI-RS resources for inter frequency measurements in FR1,
· [24] CSI-RS resources for inter frequency measurements in FR2.
· Option 3 (MTK,OPPO, Apple): Requirements defined the same requirements as those for SSB 
· If network configures more CSI-RS resources in an MO than the UE measurement capability, the UE behavior is undefined.
· For FR1, 14  and 7 CSI-RS resources for intra-f and inter-f, respectively. 
· For FR2, 24 and 10 CSI-RS resources for intra- and inter-frequency, respectively and at least 1 CSI-RS resources per cell.
· Option 4 (CMCC, Huawei)：
· For each intra-frequency layer, the number of CSI-RS resource is proposed to be [32].
· For each inter-frequency layer, the number of CSI-RS resource is proposed to be [24].
· Do not preclude other options (Quaclomm)


UE buffering and processing capability
Given the total number of CSI-RS resources that have been proposed in the previous section, it is necessary to further specify UE’s capability to buffer and process on a slot basis. In the WF[1], there are three options listed. 
	· Option 1(Huawei, MTK, OPPO): Introduce UE capability to indicate the maximum number of CSI-RS resources per MO in a slot.
· Option 2(ZTE): Not to define UE capability to indicate maximum CSI-RS resources in a slot per MO.
· Option 3(Qualcomm, Apple, Huawei): The total number of CSI resources that UE can monitor per slot should come from the UE capability maxNumberCSI-RS-RRM-RS-SINR. 


Our view is to reuse the existing capability maxNumberCSI-RS-RRM-RS-SINR.
Proposal 1.4: “The total number of CSI resources that UE can monitor per slot should come from the UE capability maxNumberCSI-RS-RRM-RS-SINR.”  And the capability is reserved for RRM purpose.
Proposal 1.5: Given that maxNumberCSI-RS-RRM-RS-SINR shall reflect the UE’s capability in the back2back slot processing, it is not necessary to define new UE capability on the minimum separation between two slots with CSI-RS resources.
CSI-RS resources configurations (timing configurations)
WF[1] shared following FFS about adopting CSI-RS measurement timing configuration(CMTC). 
	· FFS the maximum number of CSI-RS resources periodicities configured per intra-frequency and inter-frequency MO
· FFS how to introduce CMTC
· Option 1(Apple): Introduce CSI-RS Measurement Timing Configuration (CMTC).
· All CSI-RS resources for L3 meaurement should be configured within CMTC window
· CMTC window duration: considering CSI-RS periodicity is up to [40]ms, the CMTC window should be less than [5] ms.
· Up to [2] CMTC periodicities can be configured per CSI-RS intra-frequency layer
· Up to [1] CMTC periodicity can be configured per CSI-RS inter-frequency layer



In our view the introduction of a CSI-RS specific configuration shall be firstly agreed and approved by RAN1/RAN2 teams. 
Otherwise, timing pattern to measure the CSI-RS could be discussed by evaluating the existing framework within RAN4. To implement this, there are two mechanisms. 
a. Follow the CSI-RS periodicity and location as scheduled in the slotConfig traced from csi-rs-ResourceConfigMobility of MO for intra-frequency measurements. 
b. If SMTC is offered in the MO by the NW, UE only measures the inter-frequency CSI-RS resources within the SMTC window via gaps.
c. Consider if any existing gap patterns that can be followed to measure inter-frequency CSI-RS, which is independent of SMTC configuration.
While SMTC introduces additional constraint on the measurement timing, due to the short window duration of up to 5ms, it is possible that very limited number of CSI-RS resources could be assigned within the SMTC window in a TDM fashion. We recommend sending a LS to RAN1/2 for clarity if any gap pattern can be considered to measure more CSI-RS inter-frequency resources.
Proposal2: Consider the existing mechanisms of time configuration via slotConfig and SMTC for measuring the intra-frequency and inter-frequency CSI-RS resources. 
Proposal2.1: Send a LS to RAN1/2 for clarity on measurement timing configuration for inter-frequency measurements via SMTC based gap or, gaps independent of SMTC. 
Associated SSB for CSI-RS
Associated SSB shall be configured for CSI-RS L3 measurements for two reasons. First it is needed for providing certain timing reference if the target cell timing can be obtained when SSB is detected. However the caveat is that UE can not run the measurement by adjusting the FFT window multiple times to collect the samples for different CSI-RS resources if their associated SSBs lead to larger timing deltas. Second, as aforementioned, CSI-RS is aimed for L3 mobility purpose. Ideally, neighbor cells always transmit SSB beams, so it is a proper assumption to expect availability of associated SSB beam for the CSI-RS resources. In Rel-16, we can address the case of SSB association only. 
Observation1: When NW configures the SSB association, it may be helpful that NW can choose one commonly associated SSB for aiding the UE to measure the relevant QCLed CSI-RS resources. In which case, UE will be able to measure a few resources with a single FFT window. 
	· Option 1 (MTK, Apple, Intel, Huawei, Qualcomm, Nokia, OPPO, CATT, ZTE): 
· No requirements in Rel-16.
· Option 2 (DOCOMO, CMCC): 
· the requirement needs at least consider the CSI-RS measurement time, if associatedSSB is not configured, assuming UE shall base the timing on its serving cell (indicated by refServCellIndex or PCell)


For the above FFS, we propose,
Proposal3: No requirements shall be defined in Rel-16 if for a CSI-RS resource, when
1. associated SSB is not configured (Option 1)
2. associated SSB is not detected
3. associated SSB is not QCLed with CSI-RS
Proposal3.1: No requirement shall be defined either even if associated SSB is configured and detected but the corresponding target cell timing has a large delta from the UE’s serving cell timing.
Scaling factor for Rx beam sweeping 
In the WF[1], there have been agreements about whether to perform Rx sweeping except undefined scaling factor when the associated SSB is not QCLed to the CSI-RS, in which case, it is meaningful for UE to try several more Rx beams in different Rx directions. 
However, there are added costs for beam sweeping. Using non-serving Rx beam to measure a non-QCLed target CSI-RS resource is likely subject to larger unknown timing error. And measurement delay will be longer let alone the scheduling restriction has to be imposed so PDCCH/PDSCH/L1 measurements are not compromised while measuring neighbor CSI-RS with a non-serving UE Rx beam. 
Hence, for the following FFS, we shall be reasonably conservative about limiting extra measurements with sweeping the beam.  
	Agreement:
· If the CSI-RS is QCL-ed to the associated SSB, no Rx sweeping is needed only after SSB has been detected. 
· If CSI-RS configured with associated SSB but not QCL-ed to the associated SSB, Rx sweeping is needed. 
· FFS on the scaling factor N =8.
· For FR2, if the RX beam sweeping for QCL-ed associatedSSB is not finished, requirement should not be applied.


Observation2: It is expensive to allow UE sweep Rx beams for measuring non-QCLed CSI-RS due to latency and scheduling restriction for FR2.
Proposal4: If CSI-RS configured with associated SSB but not QCL-ed to the associated SSB, the UE Rx sweeping scaling factor N=2 or 4.
Proposal4.1: in view of the cost and Rel-16 timeline, we propose Rel-16 doesnot define requirements for this scenario when associated SSB is not QCLed with CSI-RS. (part of our proposal 3)
Requirements of Measurement Gap
94-e-Bis discussed the requirements of gap with following options. Since only one option was listed in the WF, they can be treated as tentative agreements.
	· More discussion based on the options as below in next meeting.
· Requirements with or w/o gaps
· Option 1 : For CSI-RS based measurement requirement, the following scenarios are prioritized to be defined in Rel-16: 
· Intra-frequency measurement without gap
· Inter-frequency measurement with gap
· The principle for gap-needed or gapless
· Option 1: The UE will need GAPs for CSI-RS L3 measurements if
· The SCS of CSI-RS is different from active BWP [if UE is not capable of mixed numerology]
· The CSI-RS is not fully confined within the active BWP
· The CP of cells to be measured is different from that of active BWP (60 kHz SCS only)
· FFS: The tuning time for CSI-RS based measurements that are outside UE’s active BWP will be same as that for BWP switch. 


While we agree with prioritizing the scenarios of intra-frequency measurement without gap and inter-frequency with gap, there were requests to further elaborate the longer gap tuning time for inter-frequency CSI-RS measurement due to longer baseband wideband datapath reconfiguration. Relative to the regular GAP tuning operation for SSB measurement, the CSI-RS processing requires that the wideband processor be suspended and re-tuned to process the inter-frequency resource. The added time resulted from the tuning-in to the new center frequency is ~0.3ms for FR1 and ~0.4ms for FR2 respectively.
Observation3: The tuning time of inter-frequency GAP of CSI-RS measurement shall be longer than the gap switch time for measuring the inter-frequency SSBs. 
Proposal5: extra margin needs to be reserved for GAP tune-in time for processing CSI-RS inter-frequency measurements.
Scheduling restriction
Following FFS were recommended by the moderator during the meeting to address the potential collisions bw/ the neighbor cell CSI-RS resources and serving cell DL/UL signal/channels.
	· Mix-numerology between data/SSB of serving cell and CSI-RS of neighbour cell
· RX beam sweeping in FR2
· Collision between UL transmission and DL measurement for TDD carrier


In our view, except the RX beam sweeping which has been discussed in our proposals 3 and 4, the rest two issues are related to the scheduling restriction. In WF [1], there is also an FFS to address the collision scenarios. 
	FFS on collision between L1 measurement of serving cell and CSI-RS L3 measurement of neighbour cell 
· Option 1(LGE, MTK, OPPO, Apple): 
· Do not define CSI-RS measurement requirements for the collision case.
· Option 2(LGE, MTK, Qualcomm, OPPO, ZTE, Huawei): 
· Network should configure L1 measurement resource to avoid collision with CSI-RS L3 measurement resource of neighbour cell.


As commented in 2.2, NW should be able to resolve the collision via the mechanism of SMTC or directly specify the slotconfig for every CSI-RS resource for L3 purpose. Due to the limited duration of SMTC window, either SSB and CSI-RS shall be FDMed or TDMed. If a UE doesnot support simultaneous SSB and neighbor CSI-RS reception, we support Option 2 that mandates network coordinates the scheduling of neighbor cell CSI-RS measurement to avoid the collision properly. 
Proposal6: L1 measurement resource shall be configured to avoid collision with CSI-RS L3 measurement resource of neighbour cell as stated in Option 2 if UE doesnot support simultaneous SSB and neighbor CSI-RS reception.
Accordingly, it would be necessary to have a new UE capability for the following FFS.
	Whether to introduce the UE capability to indicate the simultaneous reception of CSI-RS of neighbour cell and SSB of serving cell 
· Option 1(OPPO, CATT, MTK, Apple,Huawei, Qualcomm): New UE capability
· Option 2: Reusing SimultaneousRxDataSSB-DiffNumerology 
· Option 3(MTK, ZTE): Do not consider the case mix-numerology between data/SSB of serving cell and CSI-RS of neighbour cell


Proposal6.1: Define a new UE capability for simultaneous reception of CSI-RS of neighbour cell and SSB of serving cell.
To extend, other potential collision cases include serving cell PDSCH and neighbor cell CSI-RS; serving cell CSI-RS and neighbor cell CSI-RS. Since network has collected the neightbor cell CSI-RS configuration via inter-node message [3], it is also feasible to assume the proper scheduling to avoid collision bw/ DL serving cell CSI-RS/PDSCH and neighbor cell CSI-RS for L3. 
Proposal7: Collision shall be avoided between CSI-RS/PDCCH/PDSCH of the serving cell and CSI-RS L3 measurement resource of neighbour cell. 
Note proposal7 is especially needed in FR2, if UE has to perform beam sweeping for measuring neighbor CSI-RS, then it has to switch to a non-serving Rx UE which causes degradation in the serving cell channels and signals. 
Proposal8: As a further restriction for TDD, it is reasonable that UE shall not transmit during reception of the neighbor cell CSI-RS due to UL/DL collision caused by measuring neighbor CSI-RS. 
Conclusions
To summarize our proposals, 
Proposal1: CSI-RS measurement capabilities can be specified per frequency layer. And option 1b is supported. 
Proposal1.1: Regardless of SSB or CSI-RS, total number of NR inter-frequency layers shall be the same. At least 7 effective NR carrier frequency layers shall be measured for UE. Option 1 is supported.
Proposal1.2: Option1 is supported and number of monitored cells is shared for CSI-RS and SSB per frequency layer. 
Proposal1.3: the number of neighbor CSI-RS beams can be equal or more than that of the SSB. As a baseline, following numbers of monitored CSI-RS beams are considered.
· For FR1, 16 and 8 CSI-RS resources for intra-f and inter-f measurements, respectively. 
· For FR2, 24 and 16 CSI-RS resources for intra-f and inter-f measurements, respectively. 
Proposal 1.4: The total number of CSI resources that UE can monitor per slot should come from the UE capability maxNumberCSI-RS-RRM-RS-SINR. And the capability is reserved for RRM purpose.
Proposal 1.5: Given that maxNumberCSI-RS-RRM-RS-SINR shall reflect the UE’s capability in the back2back slot processing, it is not necessary to define new UE capability on the minimum separation between two slots with CSI-RS resources.
Proposal2: Consider the existing mechanisms of time configuration via slotConfig and SMTC for measuring the intra-frequency and inter-frequency CSI-RS resources. 
Proposal2.1: Send a LS to RAN1/2 for clarity on measurement timing configuration for inter-frequency measurements via SMTC based gap or, gaps independent of SMTC. 
Observation1: When NW configures the SSB association, it may be helpful that NW can choose one commonly associated SSB for aiding the UE to measure the relevant QCLed CSI-RS resources.
Proposal3: No requirements shall be defined in Rel-16 if for a CSI-RS resource, when
1. associated SSB is not configured (Option 1)
2. associated SSB is not detected
3. associated SSB is not QCLed with CSI-RS
Proposal3.1: No requirement shall be defined either even if associated SSB is configured and detected but the corresponding target cell timing has a large delta from the UE’s serving cell timing.
Observation2: It is expensive to allow UE sweep Rx beams for measuring non-QCLed CSI-RS due to latency and scheduling restriction for FR2.
Proposal4: If CSI-RS configured with associated SSB but not QCL-ed to the associated SSB, the UE Rx sweeping scaling factor N=2 or 4.
Proposal4.1: in view of the cost and Rel-16 timeline, we propose Rel-16 doesnot define requirements for this scenario when associated SSB is not QCLed with CSI-RS. (part of our proposal 3)
Observation3: The tuning time of inter-frequency GAP of CSI-RS measurement shall be longer than the gap switch time for measuring the inter-frequency SSBs. 
Proposal5: extra margin needs to be reserved for GAP tune-in time for processing CSI-RS inter-frequency measurements.
Proposal6: L1 measurement resource shall be configured to avoid collision with CSI-RS L3 measurement resource of neighbour cell as stated in Option 2 if UE doesnot support simultaneous SSB and neighbor CSI-RS reception.
Proposal6.1: Define a new UE capability for simultaneous reception of CSI-RS of neighbour cell and SSB of serving cell.
Proposal7: Collision shall be avoided between CSI-RS/PDCCH/PDSCH of the serving cell and CSI-RS L3 measurement resource of neighbour cell. 
Proposal8: As a further restriction for TDD, it is reasonable that UE shall not transmit during reception of the neighbor cell CSI-RS due to UL/DL collision caused by measuring neighbor CSI-RS. 
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