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1	Introduction
Intra-frequency measurement requirements are very essential for overall NR system performance, and have been discussed in several RAN4 meetings. So far, RAN4 has agreed the structure such that we have 
· requirements for gapless measurement, and 
· gap based measurement. 
Also, the requirements will include the delay for PSS/SSS detection, SBI acquisition and measurement. The exact numbers for the requirements in FR1 are also agreed.
· For PSS/SSS detection	
· FR1 max(600ms, [5 or 6] x SMTC period) 
· FR2 max([X1]ms, [5 or 6] x N1x SMTC period)
· For SBI acquisition
· FR1 max(120, 3 x SMTC period)
· FR2 max([X2], [5] x N2 x SMTC period)
· For measurement 
· FR1 max(120, 3 x SMTC period)
· FR2 max([X2], [5] x N2 x SMTC period)
Besides, RAN4 has agreed the scheduling availability for gapless measurement in case of mixed numerology and FR2. 
On the other hand, there are still many open issues
1) Requirements when measurement gap (MG) is configured and overlapping with intra-frequency SMTC
2) MG sharing between intra- and inter-frequency measurements
3) Requirements for multiple serving cells (CA)
4) Disabling intra-frequency for SCell (question from RAN2 in [1])
5) Requirements for DRX
6) Exact numbers for PSS/SSS detection, SBI acquisition and measurement in FR2
Issue 1), 2), 5) and 6) are addressed separately in our companion papers. In this paper, we will provide our views on the remaining open issues for intra-frequency measurement requirements. 
2	Discussion
2.1	Requirements for CA
In LTE, the performance requirements for serving carriers with PCell, PSCell and activated SCell are not scaled by the number of serving carriers. It is assumed that UE can measure all the serving cells in parallel since it has the Rx chain to receive simultaneously on all the serving cells.
In NR, UE still has the Rx chain to simultaneously receive from all serving cells, but according to some companies, the issue is on the baseband processing capability. Unlike LTE, in NR the SSBs are most likely to be synchronized across carriers, so if the intra-frequency requirements are not scaled, UE needs to do cell search and measurement for all the serving carriers at the same time. On the other hand, the baseband searcher has limited capability. In LTE one searcher can process multiple carriers in sequence (the SS is transmitted every 5ms and CRS every subframe), but this is now not possible in NR with synchronized SMTC across carriers. 
Some companies mentioned that in worst case the intra-frequency requirement may need to be scaled by the number of serving carriers. For example, when there are 8 serving cells (1 PCell and 7 SCells), the requirement is scaled by a factor of 8 compared to the case when there is no SCell. We understand this is based on the assumption that UE only has one searcher, and the searcher can process one carrier at one time. 
In our view, one searcher assumption is too pessimistic and unrealistic. Since NR has the support for multiple serving cells (CA/DC) from the beginning, and the synchronized SMTC across multiple serving carriers is a known issue for NR at the beginning of the system design, more realistic assumptions should be used when defining the measurement requirements for CA.
The intra-frequency measurement requirements with CA has been discussed in several RAN4 meetings. In our view, the following principle should be considered:
· The measurement performance for carriers with PCell and PSCell (if configured) should not be impacted due to measurement on carriers with SCells, since PCell and PSCell are essential for mobility and RLM. This may mean e.g. a dedicated searcher hardware for PCell and PSCell carrier(s). 
· The measurement performance for carriers with SCells could be scaled by a carrier-specific factor of K, where SMTC configuration on each serving carrier should be considered, and K is bounded to a maximum value Kmax. 
· In LTE LAA discussion which has the similar measurement restriction as NR, some chipset vendors have proposed a scaling rule that assumes UE will implement one searcher for every X carriers. For example, when UE is configured to measure more than X carriers, a second searcher will be enabled, and when UE is configured to measure more than 2*X carriers, a third searcher will be enabled. This means that the scaling factor K is bounded by a maximum value Kmax, and we think this is reasonable since UE supporting larger number of serving cells should have a better capability than UE supporting a smaller number. 
· RAN4 has discussed how to account for different SMTC configurations for inter-frequency measurements. For example, if two carriers have full non-overlapping SMTC, there is no need to scale the requirement for each carrier due to simultaneous measurement; if two carriers have partial overlapping SMTC (e.g. one with 40ms period and another with 80ms period), the scaling may be better than 2 since there are SMTC occasions that can be only used to measure one carrier (e.g. the one with 40ms period). The discussion has not been concluded for inter-frequency measurements, but we think the same solution RAN4 agrees for inter-frequency can also be re-used for intra-frequency with CA.
[bookmark: _Ref510687918]The intra-frequency measurement requirements for CA should be defined such that
· [bookmark: _Hlk510687956]The measurement performance for carriers with PCell and PSCell (if configured) is not impacted due to measurement on carriers with SCells
· The measurement performance for carriers with SCells may be scaled by a carrier-specific factor of K, where SMTC configuration on each serving carrier should be considered, and K is bounded to a maximum value Kmax
2.2	Disabling of measurement for SCC
RAN4 has agreed to support enabling/disabling intra-frequency measurement on each NR SCell frequency layer, and sent the LS to RAN2 so that RAN2 can define the corresponding signaling. However, it seems the intention and the details of the request are not clear enough to RAN2, so there is incoming LS from RAN2 [1] with some questions for clarification. Below we provide our replies to the questions based on our understanding.
[bookmark: _Hlk510688355]Question 1: 	What is the use case and benefit for this enabling/disabling intra-frequency measurement?
Answer: Enabling and disabling intra-frequency measurement on SCell frequency layer is up to network decision. The typical use case is intra-band CA with co-located deployment, in which scenario the measurement results on the SCell frequency layers in the same band may be similar with each other. As measurement performance for NR SCell frequency layers can be dependent on the number of SCell frequency layers being monitored, and intra-frequency measurement may cause scheduling unavailability in some cases, there may be benefits to disable intra-frequency measurement SCell frequency layers per network decision.

Question 2:	Does the enabling/disabling intra-frequency measurement include both serving and neighbour cells? 
Answer: Yes.

Question 3:	If the measurement on the serving cell is disabled by the network, does the UE disable L3 measurement only or does the UE disable L1/L2 measurements as well as L3?
Answer: If the measurement on the serving cell is disabled by the network, UE disables L3 measurement only.

[bookmark: _Ref510531592]Consider our draft answers in the reply LS to RAN2 on disabling of measurement for SCC.
3	Conclusion
In this paper we provided our views on the remaining open issues for intra-frequency measurement requirements.
Proposal 1: The intra-frequency measurement requirements for CA should be defined such that
· The measurement performance for carriers with PCell and PSCell (if configured) is not impacted due to measurement on carriers with SCells
· The measurement performance for carriers with SCells may be scaled by a carrier-specific factor of K, where SMTC configuration on each serving carrier should be considered, and K is bounded to a maximum value Kmax
Proposal 2: Consider our draft answers in the reply LS to RAN2 on disabling of measurement for SCC.
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