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Introduction
[bookmark: _Hlk513205245]RAN4 is discussing the intra-frequency measurement requirements for NR. For intra-frequency measurement with MG, the requirements would depend on MG sharing between intra- and inter-frequency measurement, which is addressed in our companion paper on MG sharing [1]. For intra-frequency measurement without MG, WF [2] is agreed in RAN4#86bis. 
Based on [2], the remaining open issues for requirements of intra-frequency measurement without MG are 
· Requirements for multiple serving cells in NR CA
· Requirements with DRX
· Requirements with full overlapped SMTC and RLM-RS in FR2
· Scaling factor for Rx beam sweeping in FR2
The issue of how to handle full overlapped SMTC and RLM-RS in FR2 is discussed in our companion paper on RLM [3]. Our views on the beam sweeping factor is captured in the companion paper with system level simulation results [4].
[bookmark: _Hlk513205847]In this paper, we will provide our views on how to define intra-frequency measurement requirements for CA and intra-frequency measurement with DRX. 
Discussion
[bookmark: _Hlk513733380]Requirements for CA
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.


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. 

Based on the conclusion in RAN4#86bis, there should be dedicated searchers for PCell and PSCell, so the requirements are not scaled regardless of SCell configuration. For NR SCells, one searcher is assumed, so the requirements will be scaled depending on the SCell configurations. It is agreed that a carrier-specific scaling factor Kca is introduced, and it may be derived in the same way as scaling rules of inter-frequency requirements. 
The similarity between inter-frequency measurement and intra-frequency measurement on SCC without MG is that in both cases UE is assumed to measure only one layer each measurement occasion. The only difference is that 
· For inter-frequency measurement, the measurement occasion is MG occasion; 
· For intra-frequency measurement on SCC without MG, the measurement occasion is SMTC occasion of the layer with smallest SMTC period.
Therefore, the same method for deriving the scaling factor for inter-frequency measurement requirements should be re-used for intra-frequency measurement on SCC without MG. Our proposal for inter-frequency scaling is captured in [5], and is resembled below for intra-frequency measurement on SCC without MG.
1) Denote the N as the ratio of longest SMTC period and shortest SMTC period among all SCCs which have overlapped SMTC.
2) For consecutive N SMTC occasions of the shortest SMTC period, determine the share for each carrier assuming each occasion is equally shared among all carriers with SMTC present. Denote S(f,n) as the share for f-th carrier (1<= f <=F) at n-th SMTC occasion (1<= n <=N). 
3) For each of the F carriers, calculate the available gap within the longest SMTC period as G(f) = S(f,1) + S(f,2) + … + S(f,N)
4) Denote the p(f) as the ratio of longest SMTC period and the SMTC period of f-th carrier, the performance of the f-th carrier in the group is p(f)/G(f).
[bookmark: _Ref513734074]Intra-frequency measurement requirements for NR SCC (without MG) should be defined in the same way as for inter-frequency measurement requirements. 
1) Denote N as the ratio between the longest SMTC period and the shortest SMTC period among all carriers in a group.
2) For N consecutive SMTC occasions of the shortest SMTC period, 
a. Denote S(f,n) as the share for f-th carrier (1<= f <=F) at n-th SMTC occasion (1<= n <=N).
b. Determine S(f,n) assuming the occasion is equally shared among all carriers with SMTC present. 
3) For each of the F carriers, calculate the available number of gaps available for measurements within the longest SMTC period as G(f) = S(f,1) + S(f,2) + … + S(f,N)
4) Denote the p(f) as the ratio between the longest SMTC period and the SMTC period of f-th carrier, the performance of the f-th carrier in the group is p(f)/G(f).
Requirements for DRX
The agreements in [2] on DRX requirements are as follows.
	· Applicability of non DRX and DRX requirement should be specified based on below 3 different DRX cycles
· When DRX is not in use
· When DRX is in use and DRX cycle ≤ 320ms
· When DRX is in use and DRX cycle > 320ms
· Requirement of single frequency layer considers the parameter Kmis
· Kmis is a scaling factor multiplied with required sample number 
· Kmis = 1, when DRX is not in use
· Kmis = 1.5, when DRX is in use and DRX cycle ≤ 320ms
· Kmis = 1, when DRX is in use and DRX cycle > 320ms


The agreements cover the case where DRX is only used in NR, but it remains open how to handle different DRX configuration in MN and SN in EN-DC, where MN and SN can independently configure measurement and DRX for MCG and SCG, respectively. It is then possible that DRX is configured in MN but not in SN, DRX is configured in SN but not in MN, or DRX is configured in both MN and SN but with different DRX cycles. In [6] it is proposed to use the maximum of DRX cycle from MN and SN to determine the UE requirements. 
In our view, however, this approach may be problematic. When there is no EN-DC, when an LTE eNB or NR gNB configures a measurement, it will expect the measurement performance to be according to its DRX configuration (if DRX is used and the DRX cycle). Following the proposal in [6], the measurement performance will be dependent also on the DRX configuration in another node. It should be note that even the current RAN2 and RAN3 specification supports MN and SN to exchange the DRX configuration, MN and SN may configure the DRX independently based on different considerations, so basing the measurement performance of one MO configured by MN on the DRX configuration of SN (or vice versa) is not reasonable. 
The same issue has been discussed in LTE DC and the corresponding requirements are defined in section 8.8.2 to 8.8.4 of 36.133. PCell requirements are based on DRX configuration in MCG, PSCell requirements are based on DRX configuration in SCG, and inter-frequency and inter-RAT requirements are based on DRX configuration in MCG. In short, the requirements are determined by the DRX configuration in the configuring node. We suggest to re-use the same principle in NR.
[bookmark: _Ref510701420][bookmark: _Hlk513658267]In EN-DC, the DRX requirements are determined by the DRX configuration in the configuring node.
Conclusion
In this paper, we provided our views on how to define intra-frequency measurement requirements for CA and intra-frequency measurement with DRX.
Proposal 1: Intra-frequency measurement requirements for NR SCC (without MG) should be defined in the same way as for inter-frequency measurement requirements.
1) Denote N as the ratio between the longest SMTC period and the shortest SMTC period among all carriers in a group.
2) For N consecutive SMTC occasions of the shortest SMTC period, 
c. Denote S(f,n) as the share for f-th carrier (1<= f <=F) at n-th SMTC occasion (1<= n <=N).
d. Determine S(f,n) assuming the occasion is equally shared among all carriers with SMTC present. 
3) For each of the F carriers, calculate the available number of gaps available for measurements within the longest SMTC period as G(f) = S(f,1) + S(f,2) + … + S(f,N)
4) Denote the p(f) as the ratio between the longest SMTC period and the SMTC period of f-th carrier, the performance of the f-th carrier in the group is p(f)/G(f).

Proposal 2: In EN-DC, the DRX requirements are determined by the DRX configuration in the configuring node.
References
[1] [bookmark: _Ref431017336][bookmark: _Ref513196612][bookmark: _Ref513710934][bookmark: _Ref513723949][bookmark: _Ref513728762]R4-1806637, Discussion on MG sharing, Nokia, Nokia Shanghai Bell
[2] [bookmark: _Ref513728799]R4-1805521, Wayforward on requirement of intra-frequency measurement without gap, Mediatek, Huawei, HiSilicon
[3] [bookmark: _Ref513725327]R4-1806645, Remaining issues on SSB based RLM, Nokia, Nokia Shanghai Bell
[4] [bookmark: _Ref513729394][bookmark: _GoBack]R4-180xxxx, Additional SLS on UE measurement capability, Nokia, Nokia Shanghai Bell
[5] [bookmark: _Ref513732977]R4-1805071, Discussion on NR inter-frequency measurement requirements, Nokia, Nokia Shanghai Bell
[6] [bookmark: _Ref513733830]R4-1801496,	RRM requirements in DRX mode, MediaTek
