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1 Introduction
A WI [1] was agreed in last meeting with some agreement and open issues for further sturdy. The open issues are captured below
	WF on CSI-RS resources configurations
· 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
· FFS whether to introduce CMTC in Rel-16

WF on measurement requirements for Case 2 if associatedSSB is configured for CSI-RS
· FFS: If UE already detects the SSB of the target cell and deriveSSB-IndexFromCell is indicated, PBCH decoding can be skipped.
· FFS: the working assumption of single FFT window and whether to define a capability.
· FFS the requirements for the cases
· If the MO includes the serving CSI-RS resource with associated SSB
· if the MO doesn’t include the serving CSI-RS resource and the CSI-RS resource associated SSB is configured
· FFS AGC adjustment time. 
· FFS CSSF
· FFS scheduling restriction

WF on requirements of Measurement Gap
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.

WF 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.

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

WF on Scheduling restriction
· Option 1 (Huawei):
· 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 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 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.
· 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.
· Scheduling restriction shall be considered when UE performs RX beam sweeping.
· Option 2 (MediaTek, DOCOMO):
· The scheduling restriction on the additional OFDM symbols before and after SSB is not needed.
· Option 3 (LGE, Apple):
· Define scheduling restriction on one data symbol before and after CSI-RS symbol to be measured due to Rx beam sweeping.
· Do not define scheduling restriction if the timing difference between serving and neighbor cell including cell phase synchronization is guaranteed to be less than CP length
· Do not preclude other options(Qualcomm)


In this paper, we express our view on above open issues. 
2 Discussion
CSI-RS resources configurations
The time domain limitation is important to keep reasonable workload on specifying the requirements. We also believe that RAN4 needs to first finalize the time-domain limitation before discussing CSSF. If some of the CSI-RS resources are fully overlapped with gap, but some are non-fully overlapped without, then it will be very difficult to define the requirements based on existing framework of SSB. The discussion of CSSF would be chaotic. Therefore, we propose that 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.
[bookmark: _Ref40041390]Proposal 1: RAN4 to first conclude the time-domain limitation before discussing CSSF requirement.
[bookmark: _Ref40041392]Proposal 2: 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.

Furthermore, if we consider SSB-based measurement together with CSI-RS based measurement, it would be preferred that SSB and CSI-RS also follow the same time-domain relation with gap. In this way, CSI-RS based requirement essentially follows everything we had for SSB-based requirement. The spec would be simple and easy. We would like to point out that the introducing of the CSI-RS based requirement may have impact to existing SSB-based requirement. Table 1 provides one example. 
[bookmark: _Ref37182146]Table 1 One difficult scenario to determine CSSF within gap
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As we know, CSSF within gap of a frequency layer #i is determined by the max number of other frequency layers collided with the signal to be measured by layer #i. In Table 1, we can calculate that
· CSSF for SMTC of f4 is 2   because only f1     collides with the SSB of f4.
· CSSF for CSI-RS#1 of f4 is 4, because f1, f2, and f3 collide with CSI-RS#1. 
· CSSF for CSI-RS#2 of f4 is 3, because f1 and f2   collide with CSI-RS#2. 
· CSSF for CSI-RS#3 of f4 is 2, because only f1     collides with CSI-RS#3. 
The CSSF values for f1, f2 and f3 are increased from 3 to 4 because CSI-RS#1 adds one more layer, leading to the extension of the measurement time these 3 frequency layers. Furthermore, for intra-frequency measurement without gap, UE measurement scheduling will also become more complicated even without mentioned FR2 case where UE has to additionally consider Rx beam sweeping. The simplest solution is to limit the CSI-RS to be transmitted in the SMTC duration of the same MO.
[bookmark: _Ref37185972]Observation 1: The introducing of the CSI-RS based requirement may have impact to existing SSB-based requirement. 
[bookmark: _Ref37185994][bookmark: _Ref40041394]Proposal 3: The easiest way to minimize the impact to existing SSB-based measurement requirement is to limit CSI-RS resources to be confined in the SMTC duration of the same MO. 


Measurement requirements for Case 2 if associatedSSB is configured for CSI-RS

If associatedSSB is configured, cell identification can be divided into 3 stages [1], as shown in Figure 1.
[image: ]
[bookmark: _Ref37180634]Figure 1. Time flow for CSI-RS based cell identification

1) Cell search via SSB
The purpose is to first identify if the target cell and the associated SSB is closed enough to the UE. The requirement can follow what we already specified in SSB-based L3 measurement. The time needed for this stage is no different from SSB based PSS/SSS detection. RAN4 can directly re-use R15 requirement.
2) PBCH decoding 
The purpose of PBCH decoding is to get the frame and slot timing of the target cell. In our understanding, UE needs to acquire the SBI in order to identify the frame and slot timing. Based on the conclusion of Rel-15 discussion, 5 samples should be sufficient to decode PBCH with 90% detection rate at SNR -6dB. As we known, if deriveSSB-IndexFromCell is indicated, UE can derive the neighboring cell timing based on serving cell timing, while the max timing uncertainty is roughly one data symbol. This timing uncertainty can be resolved if UE already detects the SSB of the target cell. In other words, if UE already detects the SSB of the target cell and deriveSSB-IndexFromCell is indicated, then UE can skip PBCH decoding. 
[bookmark: _Ref37185970]Observation 2: The purpose of PBCH decoding is to acquire the frame and slot timing of the target cell.
[bookmark: _Ref37185988]Proposal 4: For PBCH, 5 samples are needed to guarantee >90% detection rate at SNR -6dB. If UE already detects the SSB of the target cell and deriveSSB-IndexFromCell is indicated, then UE may skip PBCH decoding. 
3) CSI-RS measurement 
In our understanding, we can follow similar framework as SSB based measurement, e.g., for intra-frequency case
max(200ms, ceil( N x Kp) x CSI-RS period)Note 1 x CSSFintra ,
where N is the number of samples which should be part of the discussion about the measurement BW. For intra-frequency case, we may not need to consider additional samples for AGC, assuming that the CSI-RS BW is completely within UE’s active BWP. For inter-frequency measurement, at least additional 3 AGC samples are needed. 
[bookmark: _Ref37421302]Proposal 5: For inter-frequency CSI-RS measurement, at least additional [3] AGC samples are needed. 


Requirements of Measurement Gap
Gap is only needed if UE cannot measure the target CSI-RS with its active DL BWP. In general, all inter-frequency measurement should be gap-based. To control the workload of this WI, we prefer not to touch inter-frequency measurement without gap in Rel-16.

Regarding intra-frequency, it is slightly more complicated than inter-frequency case, because UE’s active BWP can be dynamically changed. Fortunately, in last meeting RAN4 already agreed one limitation on intra-frequency measurement requirement [2]: the BW of all CSI-RS resources is within the active BWP of the UE.
	· Define intra-frequency requirements for the scenarios
· all CSI-RS resources in the same MO have the same BW 
· the BW of the CSI-RS on the neighbor cell is within the active BWP of the UE
· FFS: No requirement is defined when the BW of intra-MO is different from that of the CSI-RS resources configured for the serving cell in Rel-16


In this case, we can simply assume that all intra-frequency measurements are gapless. 

[bookmark: _Ref40041399]Proposal 6: All inter-frequency measurements are gap-assisted.
[bookmark: _Ref40041401]Proposal 7: Given the agreement in R4-2005355, all intra-frequency measurements are gapless.

Whether to introduce the UE capability to indicate the simultaneous reception of CSI-RS of neighbour cell and SSB of serving cell with different numerology
Mix-numerology processing capability is optional in Rel-15. In Rel-15 measurement-related requirement, only different SCS between SSB and active BWP is considered.
	simultaneousRxDataSSB-DiffNumerology
Indicates whether the UE supports concurrent intra-frequency measurement on serving cell or neighbouring cell and PDCCH or PDSCH reception from the serving cell with a different numerology as defined in clause 8 and 9 of TS 38.133 [5].



Directly extending simultaneousRxDataSSB-DiffNumerology may lead to problem in UE’s capability reporting if UE can support Rel-15 simultaneousRxDataSSB-DiffNumerology but cannot support simultaneous reception of CSI-RS of neighbour cell and SSB of serving cell with different numerology or vice versa, as shown in Table 2.

[bookmark: _Ref40040650]Table 2 Different UE capability supporting for 2 mix-numerology features
	UE capability supporting
	Whether UE can reflect its capability if re-using simultaneousRxDataSSB-DiffNumerology

	simultaneousRxDataSSB-DiffNumerology
	simultaneous reception of CSI-RS of neighbour cell and SSB of serving cell with different numerology
	

	No
	No
	O

	Yes
	No
	X

	No
	Yes
	X

	Yes
	Yes
	O



As a results, Option 2 in previous WF does not work. The remaining question is whether to introduce new UE capability or not. Actually, if the simultaneous reception of CSI-RS of neighboring cell and SSB of serving cell with different numerology is just a corner scenario in real deployment, then we prefer not to introduce any UE capability and leave it with no requirement. RAN4 should only introduce UE capability if this scenario is confirmed to be important.

[bookmark: _Ref40041402]Proposal 8: RAN4 should only introduce UE capability for simultaneous reception of CSI-RS of neighbour cell and SSB of serving cell with different numerology if this scenario is confirmed to be important. Otherwise, RAN4 should leave it with no requirement.

Scheduling restriction
There is one thing needs to be further clarified in the WID on the definition of single FFT in intra frequency case. 
	· Assumptions on Synchronization 
· Single FFT is assumed for multiple cell measurements per frequency layer for both intra- and inter-frequency measurements.


In parallel with intra frequency measurement, UE is always monitoring the PDCCH of its serving cell and perhaps needs to decode PDSCH. If the CSI-RS of neighboring cell comes at the same symbol with the PDSCH to be decoded, then the FFT windowing timing should always base on serving cell. To simplify UE’s behavior, we suggest that the FFT window timing is always following the serving cell timing, no matter the target CSI-RS is with or without associated SSB. As for inter-frequency, the single FFT window timing per symbol is up to UE implementation.
[bookmark: _Ref20652057][bookmark: _Ref20652392][bookmark: _Ref40041404]Proposal 9: The FFT window timing always follows the serving cell timing for intra frequency measurement and is up to UE implementation for inter frequency measurement.

With Proposal 9, we can now see one difference to SSB based scheduling restriction is that the additional symbols before and after SSB symbols are not needed here, because UE can use one single FFT for all CSI-RS measurement in the same frequency layer. 
[bookmark: _Ref20652782]Proposal 10: The scheduling restriction on the additional OFDM symbols before and after CSI-RS are not needed.
3 Summary
In this paper, we discuss the requirement of cell identification for L3 CSI-RS. We have the following observations and proposals.
Observation 1: The introducing of the CSI-RS based requirement may have impact to existing SSB-based requirement.
Observation 2: The purpose of PBCH decoding is to acquire the frame and slot timing of the target cell.
Proposal 1: RAN4 to first conclude the time-domain limitation before discussing CSSF requirement.
Proposal 2: 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.
Proposal 3: The easiest way to minimize the impact to existing SSB-based measurement requirement is to limit CSI-RS resources to be confined in the SMTC duration of the same MO.
Proposal 4: For PBCH, 5 samples are needed to guarantee >90% detection rate at SNR -6dB. If UE already detects the SSB of the target cell and deriveSSB-IndexFromCell is indicated, then UE may skip PBCH decoding.
Proposal 5: For inter-frequency CSI-RS measurement, at least additional [3] AGC samples are needed.
Proposal 6: All inter-frequency measurements are gap-assisted.
Proposal 7: Given the agreement in R4-2005355, all intra-frequency measurements are gapless.
Proposal 8: RAN4 should only introduce UE capability for simultaneous reception of CSI-RS of neighbour cell and SSB of serving cell with different numerology if this scenario is confirmed to be important. Otherwise, RAN4 should leave it with no requirement.
Proposal 9: The FFT window timing always follows the serving cell timing for intra frequency measurement and is up to UE implementation for inter frequency measurement.
Proposal 10: The scheduling restriction on the additional OFDM symbols before and after CSI-RS are not needed.
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