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1. Introduction 
RAN2 send LS to ask RAN 1 to provide the feedback for the following questions [1]
	1. How many combinations for FG 11-2c and FG 11-2g can be reported at most from RAN1 perspective?
2. Whether the “supported span arrangement for CA” should be reported for each of the combinations or reported only once for FG 11-2c?
Besides, RAN2 wonders whether more than one combination should be supported for FG 11-2e as well? If the answer is yes, how many combinations for FG 11-2e can be reported at most from RAN1 perspective?
	11-2c
	Number of carriers for CCE/BD scaling with DL CA with mix of Rel. 16 and Rel. 15 PDCCH monitoring capabilities on different carriers
	1.	Supported combination(s) of (pdcch-BlindDetectionCA-R15, pdcch-BlindDetectionCA-R16)
-	Candidate values for pdcch-BlindDetectionCA-R15 is 1 to 15
-	Candidate values for pdcch-BlindDetectionCA-R16 is 1 to 15
2.	Supported span arrangement for CA
-	Candidate value for the component: {aligned spans only, aligned spans and non-aligned spans}

	11-2g
	Number of carriers for CCE/BD scaling with DL CA with mix of Rel. 16 and Rel. 15 PDCCH monitoring capabilities on different carriers with restriction for non-aligned span case
	1.	Supported combination(s) of (pdcch-BlindDetectionCA-R15, pdcch-BlindDetectionCA-R16)
-	Candidate values for pdcch-BlindDetectionCA-R15 is 1 to 15
-	Candidate values for pdcch-BlindDetectionCA-R16 is 1 to 15
2.	UE supports aligned span and non-aligned span
In case of non-aligned span when the configured number of cells with Rel-16 PDCCH monitoring is larger than the UE reported value, PDCCH monitoring occasion(s) should be configured only on same symbol(s) every slot

	11-2e
	Number of carriers for CCE/BD scaling for MCG and for SCG when configured for NR-DC operation with mix of Rel. 16 and Rel. 15 PDCCH monitoring capabilities on different carriers
	Supported combination(s) of (pdcch-BlindDetectionMCG-UE-r15, pdcch-BlindDetectionSCG-UE-r15, pdcch-BlindDetectionMCG-UE-r16, pdcch-BlindDetectionSCG-UE-r16)






In this contribution, we share our view on questions in the LS, the draft Reply LS can be found in the Appendix.
2. Discussion
1. How many combinations for FG 11-2c and FG 11-2g can be reported at most from RAN1 perspective?
According to RAN 1 discussion and agreements below, more than one combination is supported for UE supporting mix Rel-15 and Rel-16 CA.     
	Agreement
For one reported combination of (pdcch-BlindDetectionCA-R15, pdcch-BlindDetectionCA-R16) for CA:
· The minimum value of pdcch-BlindDetectionCA-R15 is 1 and the minimum value of pdcch-BlindDetectionCA-R16 is 1
· [3]<=pdcch-BlindDetectionCA-R15 + pdcch-BlindDetectionCA-R16 <=16
· Candidate values for pdcch-BlindDetectionCA-R15 is 1 to 15
· Candidate values for pdcch-BlindDetectionCA-R16 is 1 to 15 


The total number of the exhaustive combinations for UE supporting CA with mix of Rel-16 and Rel-15 PDCCH monitoring capabilities on different carriers is 119. It is clearly that such excessive combinations are neither necessary nor desirable from the flexibility, signaling overhead, test and UE /network implementation perspective. We think specifying some typical combinations is of more practical significance.   
From the UE complexity perspective, the common understanding and assumption in RAN1 are that the complexity of processing each Rel-16 carrier with span-based PDCCH monitoring is twice a Rel-15 carrier with slot-based PDCCH monitoring. In the following, a UE supporting 16 carriers with Rel-15 PDCCH monitoring capability is assumed for the typical combinations number calculation. 
For UE supporting CA with mix of Rel-16 and Rel-15 PDCCH monitoring, a UE will use at least one carrier with Rel-15 PDCCH monitoring capability (call Rel-15 carriers in short hereafter) and at least one carrier with Rel-16 PDCCH monitoring capability (call Rel-16 carriers in short hereafter), the typical upper bound for Rel-15 carriers number will be 14 = 16 CCs of Rel-15 capability  – (1 CC of Rel-16 capability *2); the typical upper bound for Rel-16 carriers number will be 7 = floor [ (16 CCs of Rel-15 capability  – 1 CC of Rel-15 capability) / 2]
· 1<= Number of Rel-15 carriers <=14
· 1<= Number of Rel-16 carriers <=7 
In addition, it is reasonable to assume the case that aggressive CA support with span-based PDCCH monitoring does not exist, so other conditions that the number of Rel-15 carriers >= number of Rel-16 carriers and small gap between Rel-15 carrier and Rel-16 carrier number can be added for the typical combinations number calculation. 
Some combinations may result in the same UE processing capability. For example, the combination (Number of Rel-15 carriers, Number of Rel-16 carriers) of (5, 5) can be considered to be approximately equal to the combination of (7, 4); and the combination (3,3) approximately equals to the combination (5,2). Therefore, one of the duplicated combinations can be removed. 
Based on above analysis, we derived the typical combinations as shown in Table 1.
Table 1: typical combinations (Values in Red)
	[bookmark: _Hlk86658955]No. of combinations
	2  0
	4  0
	6  2
	8  3
	10  3
	12  4
	13 1

	No. of Rel-15 carriers
	1,2
	1,2,3,4
	1,2,3,4,5,6
	1,2,3, 4,5,6,7,8
	1,2,3,4,5,6,7,8,9,10
	1,2,3,4,5,6,7,8,9,10, 11, 12
	2 ,3,4,5,6,7,8,9,10, 11, 12, 13, 14

	No. of Rel-16 carriers
	7
	6
	5
	4
	3
	2
	1



According to typical combinations in Table 1, the maximum 16 combinations should be sufficient for FG 11-2c and FG 11-2g. 
Proposal 1: 16 combinations for FG 11-2c and FG 11-2g can be reported at most from RAN1 perspective.

2. Whether the “supported span arrangement for CA” should be reported for each of the combinations or reported only once for FG 11-2c?
The type of FG 11-2c is per BC. For UE supporting CA with mix of Rel-16 and Rel-15 PDCCH monitoring capabilities on different carriers, the “supported span arrangement for CA” should be reported only once and applied to all combinations given the 11-2c. 
Proposal 2: The “supported span arrangement for CA” should be reported only once and applied to all combinations given FG 11-2c is per BC.

3. Whether more than one combination should be supported for FG 11-2e as well? If the answer is yes, how many combinations for FG 11-2e can be reported at most from RAN1 perspective?
For NR-DC operation, the following agreement is achieved. If pdcch-BlindDetectionCA-r15 and pdcch-BlindDetectionCA-r16 are indicated by UE. Candidate values for both pdcch-BlindDetectionMCG-UE-r15 and pdcch-BlindDetectionSCG-UE-r15 are 0 to pdcch-BlindDetectionCA-r15 while candidate values for both pdcch-BlindDetectionMCG-UE-r16 and pdcch-BlindDetectionSCG-UE-r16 are 0 to pdcch-BlindDetectionCA-r16. According to the agreement, the more complicated combinations for NR-DC case are observed than CA case.
	Agreement
For NR-DC operation with at least one downlink cell using Rel-16 PDCCH monitoring capability and at least one downlink cell using Rel-15 PDCCH monitoring capability, and if a UE reports the capability of CC limits for NR-DC operation separately from CA operation, 
· UE reports one or more combination of (pdcch-BlindDetectionMCG-UE-r15, pdcch-BlindDetectionSCG-UE-r15, pdcch-BlindDetectionMCG-UE-r16, pdcch-BlindDetectionSCG-UE-r16)
· One combination of (pdcch-BlindDetectionMCG-UE-r15, pdcch-BlindDetectionSCG-UE-r15, pdcch-BlindDetectionMCG-UE-r16, pdcch-BlindDetectionSCG-UE-r16) corresponds to one combination of (pdcch-BlindDetectionCA-r15, pdcch-BlindDetectionCA-r16) reported by a UE for CA operation
· pdcch-BlindDetectionMCG-UE-r16 + pdcch-BlindDetectionSCG-UE-r16 >= pdcch-BlindDetectionCA-r16
· pdcch-BlindDetectionMCG-UE-r15 + pdcch-BlindDetectionSCG-UE-r15>= pdcch-BlindDetectionCA-r15
· 3<= The minimum of pdcch-BlindDetectionMCG-UE-r16 +  pdcch-BlindDetectionSCG-UE-r16 + pdcch-BlindDetectionMCG-UE-r15 + pdcch-BlindDetectionSCG-UE-r15 <=16



Taking pdcch-BlindDetectionCA-R16=2 and pdcch-BlindDetectionCA-R15=1 as an example, total 21 combinations is needed for combination (pdcch-BlindDetectionMCG-UE-r16, pdcch-BlindDetectionSCG-UE-r16, pdcch-BlindDetectionMCG-UE-r15, pdcch-BlindDetectionSCG-UE-r15). It should be noted that total number of combinations for (pdcch-BlindDetectionCA-R15, pdcch-BlindDetectionCA-R16) is 119. Therefore, there is the huge number of combinations for NR-DC case. Similar to CA case, such excessive combinations would bring negative impact on signaling overhead, test and UE /network implementation. We suggest the same upper bound of combination number is applied as CA case, i.e., at most 16 combinations.
Proposal 3: More than one combination should be supported for FG 11-2e. Similar as for Question1, from RAN1 perspective, 16 combinations are sufficient. 

3. Conclusion
In this contribution, we discuss the question in LS from RAN2, and the following proposals are made.
Proposal 1: 16 combinations for FG 11-2c and FG 11-2g can be reported at most from RAN1 perspective.
Proposal 2: The “supported span arrangement for CA” should be reported only once and applied to all combinations given FG 11-2c is per BC.
Proposal 3: More than one combination should be supported for FG 11-2e. Similar as for Question1, from RAN1 perspective, 16 combinations are sufficient.
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1. Overall Description:
RAN1 thanks RAN2 for the LS on PDCCH Blind Detection in CA. Based on the information given by RAN2, RAN1 discussed BD in CA and would like to provide the following feedback:

Question 1: How many combinations for FG 11-2c and FG 11-2g can be reported at most from RAN1 perspective?

[Answer 1]: From RAN1 perspective, at most 16 combinations can be reported for FG 11-2c and FG 11-2g.

Question 2: Whether the “supported span arrangement for CA” should be reported for each of the combinations or reported only once for FG 11-2c?

[Answer 2]: The “supported span arrangement for CA” is reported only once and applied to all combinations for FG 11-2c.

Question 3: Whether more than one combination should be supported for FG 11-2e as well? If the answer is yes, how many combinations for FG 11-2e can be reported at most from RAN1 perspective?

[Answer 3]: More than one combination is supported for FG 11-2e. From RAN1 perspective, at most 16 combinations can be reported.


2. Actions:
To RAN2:
ACTION: RAN1 respectfully asks RAN2 to take the above into account.

3. Dates of Next TSG-RAN WG1 Meetings:
TSG-RAN WG1 Meeting #107-e                       November 2021	E-Meeting
TSG-RAN WG1 Meeting #107bis-e                  January 2022 	E-Meeting

