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Introduction
[bookmark: _Hlk513205245]RAN4 is discussing the intra-frequency measurement requirements for NR. One open issue for intra-frequency requirements is scaling of identification and measurement delay for UE with multiple SCells. In RAN4-AH-1807, following agreements were reached for the case where UE has NR serving cells only in FR1 [1].
	· 2 searchers are assumed for FR1 only measurements.


For the cases where UE has NR serving cells only in FR2, or in both FR1 and FR2, there were extensive discussions but no conclusion. Also, how to define the scaling factor for SCells with non-overlapping SMTC is also open. It should be noted that the discussions during RAN4-AH-1807 are not considering NR-NR DC.
[bookmark: _Hlk513205847]In this paper, we will provide our views on the remaining issues in the intra-frequency requirements with multiple SCells. The discussions in this paper are not considering NR-NR DC, while our views related to NR-NR DC can be found in companion paper [2].
Discussion
FR1 only case
[bookmark: _Hlk513733380]In RAN4#86bis, the agreements in [3] on CA requirements are as follows.
	· The requirement of single frequency layer is further scaled by the parameter Kca  which is a carrier-specific scaling factor, considering the multiple frequency layers
· Kca = 1, for the target frequency layer with NR PCell and NR PSCell.
· Kca = [TBD], for the target frequency layers with NR SCells. 
· The value may refer to the RAN4 conclusion on scaling/grouping rules of inter-frequency measurement.


Together with RAN4-AH-1807 agreement, it means UE would dedicate one searcher for PCell (SA) and PSCell (NSA), and the other one searcher is shared among all SCells. In case of full overlapped SMTC, i.e. SMTC on all SCells are fully overlapping in time, Kca for SCells should be the number of configured SCells for measurements on frequencies corresponding to FR1 only SCells, but how Kca should be defined for non-overlapping SCell SMTC is still open.
Since UE can only measure one SCC in an SMTC occasion where multiple SCCs have SMTC window present, the restriction is rather similar to gap based measurement although the root of the restriction is different. Due to this similarity, our view is that the same method for deriving the scaling factor for gap based measurement requirements should be re-used for intra-frequency measurement on SCC without MG. 
In RAN4#87, some companies raised the concern that for SCC measurement, there is no MGRP, so it is hard to define the repetition period of the measurement. In our view, for gap based measurement, the granularity of the algorithm (unit for defining measurement repetition period) is MGRP; for intra-frequency measurement on SCC without MG, the granularity can simply be the smallest SMTC period among a group of SCCs with overlapping SMTC.
[bookmark: _Ref513734074][bookmark: _Ref517456726]If UE has NR serving cells only in FR1, Kca = 1 for PCC/PSCC, Kca for SCCs (which are measured without MG) should be defined in the same way as for gap based measurement requirements, except that time granularity of the algorithm is the smallest SMTC period among a group of SCCs with overlapping SMTC.
FR2 only case 
In RAN4-AH-1807, the case where UE has NR serving cells only in FR2 was discussed, and two options are captured in [4] as follows.
	Option 1: For intraband FR2 CA Kca=1 for PCC/PSCC measurement period of serving and neighbour cells and detection of neighbours. For Scells, Kca=1 for measurement period since UE does not need to perform neighbour measurement/detection. Interband FR2-FR2 case is FFS  if band combination is introduced.
Option 2: For intraband FR2 CA Kca=1 for PCC/PSCC measurement period of serving and neighbour cells and detection of neighbours. For Scells, Kca=ceil(0.5*Number of Scells) for measurement period since UE does not need to perform neighbour measurement/detection. Interband FR2-FR2 case is FFS  if band combination is introduced.


The difference between the two options lies in the question whether RSRP/RSRQ measurement on beams of the serving cell requires a baseband searcher. In our view, a searcher is meant to be used for neighbor cell PSS/SSS detection, which involves the correlation operation and leads to the complexity in computation, while the RSRP/RSRQ measurement of the serving cell requires much less complexity. Therefore, one searcher for FR2 is enough in Rel-15 context – since there is no inter-band FR2-FR2 CA in Rel-15, UE would only perform neighbor cell search in one CC in FR2. In the concerned case where UE has NR serving cells only in FR2, it will be the PCC (SA) or PSCC (NSA) that UE will search on, and with one dedicated searcher for PCC/PSCC, Kca for PCC/PSCC should be 1, Kca for SCC in FR2 should also be 1 (as it does not require searcher), and Kca for SCC in FR1 should be derived as in Proposal 1, i.e. based on the number of SCCs in FR1.   
[bookmark: _Ref517456727][bookmark: _Ref521665971]If UE has NR serving cells only in FR2, Kca for PCC/PSCC should be 1, Kca for SCC in FR2 should also be 1, and Kca for SCC in FR1 should be derived as in Proposal 1.
FR1 + FR2 case
When UE has both FR1 and FR2 serving cells, without considering NR-NR DC, there can be two sub-cases
1) PCC/PSCC in FR1
2) PCC/PSCC in FR2
The requirements of the first sub-case will be heavily depending on UE searcher assumption. 
· If UE has two dedicated searcher for FR1 and one dedicated searcher for FR2, we would have Kca = 1 for PCC/PSCC, Kca is derived as in Proposal 1 for SCC in FR1, and Kca = 1 for the SCC in FR2 where neighbor cell measurement in performed, and Ka = 1 for other SCCs in FR2 where only serving cell RSRP/RSRQ is measured.
· If UE has two shared searchers for FR1 + FR2, it is a question how to handle the SCC in FR2 where neighbor cell measurement in performed – whether it is sharing the searcher with PCC/PSCC, or with SCC in FR1. Since it is the only CC in FR2 with neighbor cell search, we think it is meaningful to guarantee a good performance for it, then we have Kca = 2 for PCC/PSCC, Kca is derived as in Proposal 1 for SCC in FR1, and Kca = 2 for the SCC in FR2 where neighbor cell measurement in performed, and Ka = 1 for other SCCs in FR2 where only serving cell RSRP/RSRQ is measured 
Our preference is to assume UE has two dedicated searchers for FR1 and one dedicated searcher for FR2, since it will also benefit the performance for NR-NR DC.
The requirements of the second sub-case are relatively simple. One searcher should be dedicated to PCC/PSCC in FR2 such that Kca = 1 for PCC/PSCC, Kca for SCCs in FR1 can be derived as in Proposal 1, Kca = 1 for SCCs in FR2 since they do not require searcher. 
[bookmark: _Ref517456730][bookmark: _Ref521665972]If UE has NR serving cells in both FR1 and FR2,
a. If PCC/PSCC in FR1, Kca for PCC/PSCC should be 1 or 2, Kca for SCC in FR1 should be derived as in Proposal 1, Kca for SCC in FR2 where neighbor cell search is performed should be 1 or 2, and Kca for other SCC in FR2 should be 1.
b. If PCC/PSCC in FR2, Kca for PCC/PSCC should be 1, Kca for SCC in FR1 should be derived as in Proposal 1, Kca for SCC in FR2 should be 1.
Conclusion
In this paper, we provided our views on the remaining issues in the intra-frequency requirements with multiple SCells.
Proposal 1: If UE has NR serving cells only in FR1, Kca = 1 for PCC/PSCC, Kca for SCCs (which are measured without MG) should be defined in the same way as for gap based measurement requirements, except that time granularity of the algorithm is the smallest SMTC period among a group of SCCs with overlapping SMTC.
Proposal 2: If UE has NR serving cells only in FR2, Kca for PCC/PSCC should be 1, Kca for SCC in FR2 should also be 1, and Kca for SCC in FR1 should be derived as in Proposal 1.
Proposal 3: If UE has NR serving cells in both FR1 and FR2,
a. If PCC/PSCC in FR1, Kca for PCC/PSCC should be 1 or 2, Kca for SCC in FR1 should be derived as in Proposal 1, Kca for SCC in FR2 where neighbor cell search is performed should be 1 or 2, and Kca for other SCC in FR2 should be 1.
b. If PCC/PSCC in FR2, Kca for PCC/PSCC should be 1, Kca for SCC in FR1 should be derived as in Proposal 1, Kca for SCC in FR2 should be 1.
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