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1. Introduction
Kca scaling for NR carrier aggregation has been agreed for FR1 in RAN4#87 and discussed for FR2 and FR1+FR2 carrier aggregation in NR AH1807. The following options were identified in the measurement procedures adhoc [1] in AH1807.
	FR2 only serving cells

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.


	FR1+FR2 serving cells

Option 1:

Kca (PCells/PSCells in FR1)=1, 

FR1 Kca (SCC in FR1)=number of FR1 Scells+1,

FR2 Kca (SCC where neighbours are measured in FR2) = number of FR1 Scells+1 

FR2 Kca (other SCells in FR2 for measurement  )=1. 

Interband FR2-FR2 case is FFS  if band combination is introduced.

Option 1bis :

Kca (PCells/PSCells in FR1)=1, 

FR1 Kca (SCC in FR1)=number of FR1 Scells+Number of FR2 Scells,

FR2 Kca (SCC where neighbours are measured in FR2) = number of FR1 Scells+Number of FR2 SCells 

Interband FR2-FR2 case is FFS  if band combination is introduced.




In addition, it was agreed : o
Introduce a note that requirements so far do not cover NR-NR dual connectivity and invite proposals to address this from August meeting.
2. Discussion

2.1. FR1 only carrier aggregation

Although requirements have been defined, they apply only to the case where SMTC overlap occurs. For non-overlapping SMTC, there should be no complexity concern with defining requirements without Kca scaling, since a single searcher may be efficiently time multiplexed between CC. As discussed in SFTD, the searcher is assumed to require 20ms offline processing to complete its operations after reception.

Proposal 1 : For FR1 CA, SMTC on CC are considered as overlapped if the SMTC are within 20ms of each other

For clarification this proposal means that if the end of one SCell SMTC and the start of a different SCell SMTC are greater than 20ms from each other they are considered as non-overlapping.
2.2. FR2 only carrier aggregation
Firstly, we note that for FR2 CA the UE is only required to measure neighbours on one frequency layer (either PCC/PSCC or SCC) and for the other layers it is required to measure only serving cells. Serving cells may be measured with the same FFT which is used to demodulate data (PDCCH & PDSCH). Since such simplification of measurements for FR2 was already agreed, we do not see a significant concern in  complexity for option 1 from 1807AH. Moreover, as FR2 measurement period and PSS/SSS search time are significantly longer than FR1 due to RX beamsweeping, we think it would be important not to further relax the performance. Hence, we propose
Proposal 2: For intraband FR2-only CA, Kca=1 for PCC/PSCC/SCC for PSS/SSS sync and measurement period on the frequency layer where neighbour cells are required to be detected and measured. Kca=1 for the serving cell measurement period on the other frequency layers where neighbour cells are not required to be detected and measured
There was also discussion about interband FR2+FR2 carrier aggregation. Since measurement capabilities for this case are not defined,  and there are not yet release 15 band combinations, it is difficult to speculate on searcher complexity. Nevertheless, it is clear that on each FR2 band (we assume 28GHz + 39 GHz) the UE would need to perform measurements on at least one frequency layer (either PCC or PSCC if there is one on the corresponding band, or otherwise one SCC). For the other SCC we assume a similar approach that only the serving cell would need to be measured. We do not make a proposal for this case, but in the event that it is specified, and the single carrier requirements for FR2 do not involve very large relaxations e.g. for RX beamsweep, RAN4 could consider Kca=2 for PCC/PSCC/SCC for PSS/SSS sync and measurement period on the frequency layers on each band where neighbour cells are required to be detected and measured. Kca=1 for the serving cell measurement period on the other frequency layers where neighbour cells are not required to be detected and measured.

Another discussion is on the definition of overlap. At least for FR2 carrier aggregation, each SMTC will cause a scheduling restriction across all intraband carriers, so we think it is rather unlikely that the network would ever use other than the same SMTC configuration across all frequency layers. Hence, there seems no motivation to define different requirements for non-overlapping cases, especially with Kca=1 for measurement period of SCells on SCC where only the serving cell needs to be measured.

Proposal 3: For FR2 CA, overlap definition does not need to be considered.
2.3.  FR1+FR2 carrier aggregation

Firstly, since FR1 will have better coverage than FR2, FR1+FR2 carrier aggregation configurations are very likely to have the anchor carrier on FR1, which will be used for mobility. We do not see that the mobility nor the SCell management needs for FR1 are reduced because of the configuration of some additional carriers on FR2, so it is necessary to maintain the already defined Kca for the FR1 carriers. Hence, we support option 2, and propose

 Proposal 4: For FR1+FR2 carrier aggregation:
· Kca (PCells/PSCells in FR1)=1,

· FR1 Kca (SCC in FR1)=number of FR1 Scells,

· FR2 Kca (SCC where neighbours are measured in FR2) =1 

· FR2 Kca (other SCells in FR2 )=1 
For the definition of overlap, the principles of proposal 1 and proposal 3 apply to FR1 and FR2 respectively

2.4. NR-NR dual connectivity

For release 15, NR-NR DC band combinations consider PCell on FR1, and PSCell on FR2. If proposal 4 is adopted for FR1+FR2 carrier aggregation, the same hardware may be applied for dual connectivity giving 
Proposal 5:   Kca=1 for PCC and PSCC in NR-NR DC regardless of which FR the PCC and PSCC are in.

Proposal 6 : FR1 Kca (SCC in FR1)=number of FR1 Scells, FR2 Kca (other SCells in FR2 )=1 
Our views are summarised in table 1.
	
	Kca for FR1 PCell/PSCell
	Kca for FR1 SCells
	FR1 overlap definition
	Kca for FR2 PCell/PScell/frequency where SCC neighbours are measured
	Kca for other FR2 SCells
	FR2 overlap definition

	FR1 CA with or without EN-DC
	1 Note 1
	Number of configured SCells Note 1:
	20ms or less between end and start of SMTCs
	N/A
	N/A
	N/A

	FR2 CA with or without EN-DC
	N/A
	N/A
	N/A
	1 Note 2
	1
	Not specified

	FR1 +FR2 CA with or without EN-DC
	1
	Number of configured SCellsNote 1
	20ms or less between end and start of SMTCs
	1 Note 2
	1
	Not specified

	FR1 +FR2 NR-NR DC Note 3:
	1
	Number of configured SCells
	20ms or less between end and start of SMTCs
	1 Note 2
	1
	Not specified

	Note 1: Already specified in 38.133
Note 2: For release 15, FR2 cells are all on same band

Note 3: For release 15, NR-NR DC band combinations are for FR1+FR2.


 Table 1 : Summary of proposals for different cases
3. Conclusion

In this paper we discuss Kca for different CA scenarios and propose:
Proposal 1 : For FR1 CA, SMTC on CC are considered as overlapped if the SMTC are within 20ms of each other
Proposal 2: For intraband FR2-only CA, Kca=1 for PCC/PSCC/SCC for PSS/SSS sync and measurement period on the frequency layer where neighbour cells are required to be detected and measured. Kca=1 for the serving cell measurement period on the other frequency layers where neighbour cells are not required to be detected and measured

Proposal 3: For FR2 CA, overlap definition does not need to be considered.
Proposal 4: For FR1+FR2 carrier aggregation:
· Kca (PCells/PSCells in FR1)=1,

· FR1 Kca (SCC in FR1)=number of FR1 Scells,

· FR2 Kca (SCC where neighbours are measured in FR2) =1 

· FR2 Kca (other SCells in FR2 )=1 
Proposal 5:   Kca=1 for PCC and PSCC in NR-NR DC regardless of which FR the PCC and PSCC are in.

Proposal 6 : FR1 Kca (SCC in FR1)=number of FR1 Scells, FR2 Kca (other SCells in FR2 )=1 
The proposals are summarised in table 1. 

	
	Kca for FR1 PCell/PSCell
	Kca for FR1 SCells
	FR1 overlap definition
	Kca for FR2 PCell/PScell/frequency where SCC neighbours are measured
	Kca for other FR2 SCells
	FR2 overlap definition

	FR1 CA with or without EN-DC
	1 Note 1
	Number of configured SCells Note 1:
	20ms or less between end and start of SMTCs
	N/A
	N/A
	N/A

	FR2 CA with or without EN-DC
	N/A
	N/A
	N/A
	1 Note 2
	1
	Not specified

	FR1 +FR2 CA with or without EN-DC
	1
	Number of configured SCellsNote 1
	20ms or less between end and start of SMTCs
	1 Note 2
	1
	Not specified

	FR1 +FR2 NR-NR DC Note 3:
	1
	Number of configured SCells
	20ms or less between end and start of SMTCs
	1 Note 2
	1
	Not specified

	Note 1: Already specified in 38.133
Note 2: For release 15, FR2 cells are all on same band

Note 3: For release 15, NR-NR DC band combinations are for FR1+FR2.


Table 1 : Summary of proposals for different cases
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