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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 can be divided in to following categories
· Cell identification requirements
· FFS 2 requirements for with index and without index
· tuning time of inter-frequency GAP
· Rx beam sweeping in FR2
· Scheduling restriction
· Mix-numerology
· TDD band
· Rx beam sweeping
· Time domain restriction 
· Frequency domain restriction
· CSSF requirement
In this paper, we express our view on above open issues. 
2 Discussion
Cell identification requirements

The 1st open issue is about whether to follow the framework of SSB-based measurement to introduce 2 different requirements for with index and with index. In our view, it is not needed. The reason that RAN4 introduced 2 SSB based requirements is that network can optionally request UE to report beam measurement information (SBI of SSB) in the measurement report. To report SBI, additional delay for PBCH decoding (or PBCH DMRS detection) is needed. For CSI-RS, there are 2 differences to SSB.
· csi-RS-Index is already configured in the measurement object and does not require UE to perform detection. 
· No matter beam measurement information is requested or not, UE always has to acquire the SBI because UE needs to confirm if the associated SSB is detectable or not. 

Therefore, we do not think it is necessary to introduce 2 different requirements for with index and with index.

[bookmark: _Ref47307047]Proposal 1: Do not introduce 2 different requirements for with index and with index.

Another open issue is about the tuning time of inter-frequency GAP of CSI-RS measurement. In our view, it is not different to SSB measurement. That is to say, the current assumptions of 500us for FR1 and 250us for FR2 can still be reused by CSI-RS

[bookmark: _Ref47307049]Proposal 2: The tuning time of inter-frequency gap for CSI-RS measurement is the same as those for SSB measurement. 

For FR2, whether to allow Rx beam sweeping in CSI-RS measurement was discussed. SSB can help provide the spatial information if isQuasiColocated is configured. However, it could happen that 2 CSI-RS resources from different cells are transmitted in the same OFDM symbol and are QCL-ed with different associated SSBs. In this case, UE may intend to perform measure on CSI-RS#1 with Rx beam #1 and CSI-RS#2 with Rx beam #2 on the same OFDM symbol. If Rx beam sweeping is not allowed, UE can only select its Rx beam to optimize the measurement performance to one CSI-RS and compromise the performance of the other one. This is not a desirable result. Furthermore, it should be a typical case that difference cells transmit CSI-RS on the same OFDM symbols along with different AoAs to the UE.

[bookmark: _Ref47307051]Proposal 3: For FR2, Rx beam sweeping is always allowed for CSI-RS based L3 measurement. 

Scheduling restriction

If the CSI-RS to be measured has a different numerology to the data from serving cell, UE should be allowed to perform CSI-RS measurement and drop the data. Since the SCS are different, it is difficult to say how many data symbols should be dropped. For examples,
· If the SCS are {CSI-RS, data} = {15KHz, 60KHz}, 4 data symbols will be dropped
· If the SCS are {CSI-RS, data} = {60KHz, 15KHz}, only 1 data symbol will be dropped.
Therefore, we prefer not to mention exactly the number of OFDM data symbols in the requirement. RAN4 can simply capture the requirements like: 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 overlapped by CSI-RS resource symbols to be measured.
[bookmark: _Ref47307053]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.

On TDD band, if network schedules UE to transmit UL signals on OFDM symbols that are overlapped with the CSI-RS to be measured, UE should be allowed to perform CSI-RS measurement. With this principle, there are still 2 details for further discussion. 
· UL timing advance
Assuming that there is always a non-zero TA on UL transmission, we cannot expect the UL symbol boundary to be always aligned with the DL symbol boundary. In other words, one DL CSI-RS symbol is expected to overlap with 2 UL symbols, if the numerology is the same. 
· T2R and R2T switching time
According to Table 4.3.2-3 of TS 38.211 UE should be guaranteed with sufficient time for T2R and R2T switching (13us in FR1 and 7us in FR2). Therefore, UE should not be expected to transmit signals on the OFDM symbols which overlap the T2R and R2T switch time before and after the CSI-RS symbol, as illustrated in Figure 1.
[image: ]
[bookmark: _Ref47296465]Figure 1. Impacted UL symbols by CSI-RS and the T2R and R2T switch time.

Since the T2R and R2T switching time does not depend on the numerology, it is again difficult to calculate the exact number of symbols with scheduling restriction. Therefore, RAN4 can simply capture the requirements like: 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 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. 
[bookmark: _Ref47307055]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.

In FR2, UE is allowed do Rx beam sweeping with rough beams for L3 measurement. Therefore, during L3 measurement, the reception performance based on fine beams are not guaranteed. Since the WID allows UE to implement only one FFT for CSI-RS measurement, we can assume the FFT timing is always aligned with UE’s serving cell in order not to degrade the measurement performance on UE’s serving cell. Hence, the scheduling restriction on the additional symbols before and after CSI-RS symbols are not needed here. 
[bookmark: _Ref20652782]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.


Time domain restriction

The time domain restriction is important to keep reasonable workload on specifying the requirements and is also an essential prerequisite to specify CSSF within gap requirement, which highly depends on the time domain structure of the signal. Without considering introducing new signaling, there are only two possible solutions to address this issue
Option 1) Introduce restriction only in requirements in RAN4 
Option 2) Limit CSI-RS resources to be confined in the SMTC duration of the same MO

In our view, Option 2) is highly preferred. Option 1 still has some drawback as listed below
· Ambiguity between network and UE on which CSI-RS resources will be measured. If RAN4 agrees all CSI-RS should be confined in a 5ms window, but UE found that the window is actually longer than 5ms due to cell phase synchronization error or propagation delay difference among cells. Then UE may select the CSI-RS to be measured based on its own judgement. But in Option 2, there is still a clear rule to UE that only the CSI-RS in the SMTC window should be measured.
· Additional measurement capability. Option 1 means that RAN4 needs to treat the CSI-RS measurement as an additional layer on top of SSB measurement in the measurement capability requirement, because the CSI-RS now has a completely independent time domain structure to SMTC. It will consume one additional inter-frequency layer to be monitored by UE.
· Complex UE scheduling algorithm. In the example of Figure 2, the frequency layer f1 has both SSB and CSI-RS to be measured. The union of SMTC and CSI-RS is no longer a simple time domain pattern which can be described only by its periodicity and offset. This introduces a huge burden in UE implementation. 

[image: ]
[bookmark: _Ref47299884]Figure 2. 1st example of 2 different time-domain structure of SMTC and CSI-RS
· Lower measurement efficiency. In the example of Figure 3, the equivalent periodicity of frequency f1 becomes 40ms. However, the bottleneck of identifying new cells and beams is still the SSB measurement. This means the measurement efficiency is only 50% even if UE visits the layer with doubled frequency. 

[image: ] 
[bookmark: _Ref47300669]Figure 3. 2nd example of 2 different time-domain structure of SMTC and CSI-RS
· Unnecessary delay to the requirement. Note that UE only needs to perform CSI-RS measurement if the associated SSB is detected. If there is no any SSB detected on a frequency layer, actually UE does not need to perform the corresponding CSI-RS measurement. Therefore, this frequency layer should not contribute to the calculation of CSSF of other frequency layers. With Option 2, we do not have this problem.

One concern to Option 2 is that it will add additional limitation to network flexibility. In our view, it is not a new problem according to current deployment. 
· If we consider inter-frequency measurement which is always gap-assisted, then all the CSI-RS resources should already be confined in gap. In other words, measurement gap already introduces an even more strict time domain restriction to the CSI-RS configurations. If network already can allocate all CSI-RS resources within the measurement gap, then it should have no problem to allocate the same CSI-RS resources in the SMTC. 
· The current typical deployment adopts SMTC 20ms periodicity with MG periodicity 40ms or 80ms, while the max configurable periodicity of CSI-RS for mobility is 40ms. This means the typical SMTC periodicity can always guarantee to cover CSI-RS resources. 
· One may argue that the SMTC duration is up to 5ms, and is already occupied by SSB. There will be no enough OFDM symbols left for CSI-RS. Actually, this is already the case for gap-assisted inter-frequency measurement. Network already needs to allocate all CSI-RS resources within the gap window (e.g., 5ms = 6ms – 1ms. 1ms for RF re-tuning time). Network anyway needs to figure out how to share the 5ms duration for SSB and CSI-RS. 
Note that the above discussion mainly focuses on inter-frequency measurement, but actually we think the same conclusion can also be applied to intra-frequency case. Because the intra-frequency layer of a UE could be the inter-frequency layer of another UE. Since one network deployment needs to accommodate both intra-frequency and inter-frequency for all UEs, it is reasonable to say the deployment flexibility is already dominated by inter-frequency case. 

[bookmark: _Ref47307058]Proposal 7: Limit CSI-RS symbols to be confined in the SMTC duration of the same MO.

Frequency domain restriction

With time domain restriction to SMTC occasion is not sufficient to guarantee UE to measure both SSB and CSI-RS at the same gap occasion. We should also consider some additional frequency domain restriction. Otherwise, if SSB and CSI-RS are too far apart in frequency domain, UE will be mandated to open up a very wide RF bandwidth for measurement, leading to cost and power consumption concerns. In our understanding, a reasonable frequency domain limitation is that the SSB PRBs are covered by the BW of CSI-RS configurations. 

Although this sounds to add additional limitation to network deployment, but it is actually not a real problem in practical deployment. First of all, the CSI-RS, although UE-specific signaled, is actually cell-specific transmitted. So that the same CSI-RS resources are shared by all UEs in the serving cell and neighboring cells. To accommodate the case that different UEs may have different BWP allocations, the easiest way is to always configure a WB CSI-RS with the largest BW within the carrier BW, as shown in Figure 4. In this way, it is guaranteed that CSI-RS is always overlapped with UE’s BWP, and UE can always perform intra-frequency measurement without gap. Since the SSB should also be always within the carrier BW, it is very straightforward that the CSI-RS BW can always cover the SSB PRBs.

[image: ]
[bookmark: _Ref47306448]Figure 4. Frequency domain allocation of CBW, CSI-RS BW, SSB and UE BWPs.

[bookmark: _Ref47307060]Proposal 8: The CSI-RS BW should always cover the SSB configured in the same MO.


CSSF requirement

For CSSF outside gap, some detail about ‘searcher’ needs to be clarified first. In our understanding, the engine for SSB-based measurement and CSI-RS based measurement should be different. Therefore, we do not need to consider sharing between SSB and CSI-RS. On the number of engines to perform CSI-RS measurement, we think it is reasonable to assume one single engine as the baseline. Therefore, the CSSF factor can simply be the number of intra-frequency layers with CSI-RS measurement configured.

[bookmark: _Ref47307062]Proposal 9: For CSSF outside gap, assume one single engine for CSI-RS based L3 measurement is implemented in UE as the baseline.
[bookmark: _Ref47307063]Proposal 10: CSSF outside gap equals the number of intra-frequency layers with CSI-RS measurement configured.

Regarding CSSF within gap, the 2 above mentioned time and frequency domain enables RAN4 to re-use the current CSFF calculation for the case with both SSB and CSI-RS. Some minor modification may still be needed to extend the current chapter to include also CSI-RS based L3 measurement. 
This simplification in spec change helps to avoid contradiction between WIs which intends to modify the same CSSF chapter. Note that the chapters of CSSF requirement are modified (or will be modified) by many other WIs, like SRVCC, positioning and RRM enhancement (inter-frequency measurement without gap). In this RAN4#96e meeting, it is expected that multiple WIs will try to propose changes on the same CSSF chapter. It should always be desired to minimize the impact on CSSF requirement in every WI in order to avoid contradiction due to parallel discussions. 
Furthermore it helps to ease the future specification load. The CSSF requirement is also expected to be further evolved in Rel-17 due to measurement gap enhancement or gapless requirements Minimizing the impact on CSSF can ease the specification effort required for future WIs which has to change the CSSF requirement. 
[bookmark: _Ref47307065]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.

3 Summary
In this paper, we discuss the requirement of cell identification for L3 CSI-RS. We have the following observations and proposals.
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.
[bookmark: _GoBack]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.
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