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Introduction
[bookmark: _Hlk513205245]RAN4 is discussing the intra-frequency measurement requirements for NR. For intra-frequency measurement without MG, CR [1] is agreed in RAN4#87 which captures all the agreements made during the meeting. In our understanding, the remaining open issues are 
· Requirements for multiple serving cells in NR CA 
· Requirements for the case where SMTC is fully overlapping with MG
· Scaling factor for Rx beam sweeping in FR2
· Requirements with separate DRX configuration in MN and SN
· Requirements for de-activated SCell in FR2
· Requirements with full overlapped SMTC and RLM-RS in FR2
[bookmark: _Hlk513205847]In this paper, we will focus on the first issue, and the other issues are addressed in our companion papers. We will provide our views on how to define intra-frequency measurement requirements for CA. 
Discussion
[bookmark: _Hlk513733380]In RAN4#86bis, the agreements in [2] 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.


FR1 only case
In RAN4#87, it is further agreed during the AH session that for FR1 only case (UE only has FR1 serving cells), 1 additional searcher equivalent (2 searchers) is assumed for defining the requirements. Together with RAN4#86bis agreement, it means UE would dedicate one searcher for PCell (SA) and PSCell (NSA), and the other one searcher is shared among all SCells. Correspondingly, the scaling factor for intra-frequency requirements are defined as 
	Kca: For FR1, Kca =1 for measurements on frequencies corresponding to PCell or PSCell, and Kca =number of configured SCells for measurements on frequencies corresponding to FR1 only SCells
Editor’s note : Kca for SCells on FR1 assumes that all Scell SMTC are overlapping(definition FFS). Kca definition may be  revised for non overlapping Scell SMTCs. 
Editor’s note:Kca is FFS if any FR2 serving cells are configured


Kca is defined as number of configured SCells for measurements on frequencies corresponding to FR1 only SCells, and this is based on assumption that all Scell SMTC are overlapping, 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]The scaling factor Kca for intra-frequency measurement requirements for NR SCC (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#87, some issues on FR2 searchers are raised up by chipset vendors. For example, some companies think there can be dedicated searcher for FR2, but only one can be supported due to the complexity caused by high sampling rate (high SCS). Some other companies think the searchers should be shared between FR1 and FR2, so there can be more than one searchers. There was no conclusion on UE searcher assumption in RAN4#87.
In our view, the assumption may not be needed provided the conclusion on UE measurement capability discussion. The highlighted requirement, which is agreed also in RAN4#87 but in a separate discussion, means that UE does not need to perform cell searching on SCC in FR2. This is because in Rel-15, there is no inter-band CA per RF session agreement, i.e. UE is only supposed to support one band in FR2. Together with the highlighted agreement, UE is only required to search for neighbor cells (where searcher is involved) on the PCC and PSCC if UE has only FR2 serving cells. 
	[bookmark: _Toc516034524]9.2.3.2	Requirements for FR2
For each intra-frequency layer the UE shall be capable of monitoring at least [6] cells on a single serving carrier (PCC or PSCC or 1 SCC if PCC/PSCC is in a band different from SCC) out of all the serving carriers configured in the same band.
For each intra-frequency layer, during each layer 1 measurement period, the UE shall be capable of monitoring at least [24] SSB with different SSB index and/or PCI on a single serving carrier (PCC or PSCC or 1 SCC if PCC/PSCC is in a band different from SCC) out of all the serving carriers configured in the same band. UE shall be capable of monitoring [1~ 4] SSB(s) on serving cell for each of the other serving carrier(s) in the same band. UE shall be capable of performing RSRP and RSRQ on all above-mentioned SSBs


Effectively, this means if UE is only configured with FR2 serving cells, the requirement for all CCs, including PCC, PSCC and SCC, should be scaled with Kca = 1.
[bookmark: _Ref517456727]If UE is only configured with FR2 serving cells, the requirement for all CCs, including PCC, PSCC and SCC, should be scaled with Kca = 1.
FR1 + FR2 case
When UE has both FR1 and FR2 serving cells, there can be multiple cases
1) PCC or PSCC in FR1, SCC in FR2 only
2) PCC or PSCC in FR1, SCC in FR1 + FR2 
3) PCC or PSCC in FR2, SCC in FR1 only
4) PCC or PSCC in FR2, SCC in FR1 + FR2 
5) PCC in FR1, PSCC in FR2, SCC in FR1 only 
6) PCC in FR1, PSCC in FR2, SCC in FR2 only
7) PCC in FR1, PSCC in FR2, SCC in FR1 + FR2
The requirements will be heavily depending on UE searcher assumption. For example, in case 2),
· If UE has two dedicated searcher for FR1 and one dedicated searcher for FR2, we would have Kca = 1 for PCC/PSCC, Kca = N_SCC for SCC in FR1 (assuming fully overlapped SMTC), and Kca = 1 for the selected SCC in FR2
· If UE has two shared searchers for FR1 + FR2, we would have Kca = 1 for PCC/PSCC, Kca = N_SCC for all SCCs in FR1 and the selected SCC in FR2.
The second option is not desirable, since if there are large number of SCCs in FR1, the delay for the only CC in FR2 where UE performs cell search will be long. 
Case 5) – 7) are for NR-NR DC which is agreed to be included to the in the scope of Rel-15. Clearly, if UE only has two searchers shared for FR1 and FR2, UE will not be able to measure any SCC.
In our view, since in Rel-15 UE is only required to search on one CC in FR2, it is reasonable to assume there is only one searcher dedicated for FR2. Considering there are more than one CC to be searched in FR1, it is reasonable to assume there are at least two searchers dedicated for FR1. With such an assumption, we can define reasonable requirements for all cases listed above.
[bookmark: _Ref517456730]The requirements for FR1 + FR2 case are defined assuming UE has two dedicated searchers for FR1 and one dedicated searcher for FR2. 
[bookmark: _Ref517456731]If UE is configured with both FR1 and FR2 serving cells, requirements for PCC, PSCC and the selected SCC in FR2 should be scaled with Kca = 1, Kca for SCCs in FR1 should be derived following Proposal 1. 
Conclusion
In this paper, we provided our views on how to define intra-frequency measurement requirements for CA and for the case of fully overlapped SMTC and MG.
Proposal 1: The scaling factor Kca for intra-frequency measurement requirements for NR SCC (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 is only configured with FR2 serving cells, the requirement for all CCs, including PCC, PSCC and SCC, should be scaled with Kca = 1.
Proposal 3: The requirements for FR1 + FR2 case are defined assuming UE has two dedicated searchers for FR1 and one dedicated searcher for FR2.
Proposal 4: If UE is configured with both FR1 and FR2 serving cells, requirements for PCC, PSCC and the selected SCC in FR2 should be scaled with Kca = 1, Kca for SCCs in FR1 should be derived following Proposal 1.
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