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1. Background
Following agreements have been made for Rel.15 NR-DC:
	Agreements:
The above agreement is updated and agreed as follows:
· For NR-DC (including late drop UEs), ask RAN2 if it is possible to introduce RRC parameters pdcch-BlindDetectionMCG and pdcch-BlindDetectionSCG, which configures are the reference number of cells for blind detection for MCG and SCG, respectively, and RRC parameters pdcch-BlindDetectionMCG-UE and pdcch-BlindDetectionSCG-UE for optional new UE capability signalling that informs the maximum values for pdcch-BlindDetectionMCG and pdcch-BlindDetectionSCG, respectively. If yes, 
· The value range of pdcch-BlindDetectionMCG-UE and pdcch-BlindDetectionSCG-UE is 
· [1, …, pdcch-BlindDetectionCA-1] and pdcch-BlindDetectionMCG-UE + pdcch-BlindDetectionSCG-UE >= pdcch-BlindDetectionCA if the UE reports pdcch-BlindDetectionCA, and
· FFS: [1, 2, 3] and pdcch-BlindDetectionMCG-UE + pdcch-BlindDetectionSCG-UE >= the maximum number of DL serving cells over CGs that UE can support if the UE does not report pdcch-BlindDetectionCA.
· If the UE does not report pdcch-BlindDetectionMCG-UE and pdcch-BlindDetectionSCG-UE, 
· pdcch-BlindDetectionCA for NR-CA is re-used as the UE capability signalling for NR-DC to determine BD/CCE limit across serving cells over CGs if the UE reports pdcch-BlindDetectionCA, and 
· the number of configured DL serving cells over CGs is used to determine BD/CCE limit across serving cells over CGs if the UE does not report pdcch-BlindDetectionCA.
· If the UE reports pdcch-BlindDetectionMCG-UE or pdcch-BlindDetectionSCG-UE, both of them are reported (i.e., not either of them).
· pdcch-BlindDetectionMCG-UE and pdcch-BlindDetectionSCG-UE are per UE capability signalling.
· FFS: If the UE does not report pdcch-BlindDetectionCA, the UE must support at least one NR-DC band combination where the UE behaviour of blind decoding operation is the same as in Rel.15 NR-CA.
· For MCG and SCG, the UE calculates BD/CCE limit for the CGs by using pdcch-BlindDetectionMCG and pdcch-BlindDetectionSCG, respectively.
· The value range of pdcch-BlindDetectionMCG and pdcch-BlindDetectionSCG is [1, 2, …, 1516].
· pdcch-BlindDetectionMCG + pdcch-BlindDetectionSCG <= pdcch-BlindDetectionCA if the UE reports pdcch-BlindDetectionCA, and pdcch-BlindDetectionMCG + pdcch-BlindDetectionSCG <= the number of configured DL serving cells over CGs if the UE does not report pdcch-BlindDetectionCA.
· For a UE configured with NR-DC, if the UE reports pdcch-BlindDetectionCA, the UE is always configured with pdcch-BlindDetectionMCG and pdcch-BlindDetectionSCG.
· FFS: if the UE does not report pdcch-BlindDetectionCA.
· The information exchange between MCG and SCG (if any) is up to RAN2/RAN3 to discuss.




This email discussion is to resolve above three FFS points.

2. Discussion
All the FFS points are for the case where the UE does not report pdcch-BlindDetectionCA, i.e., the maximum number of CCs that the UE supports is not more than 4, in which case the NR-DC configuration is {DL cells in MCG, DL cells in SCG} = {3, 1}, {2, 2}, {1, 3}, {2, 1}, {1, 2}, or {1, 1}. The fundamental question is following:
· When a UE does not report pdcch-BlindDetectionCA, whether the UE should report pdcch-BlindDetectionMCG-UE and pdcch-BlindDetectionSCG-UE, whose range is [1, 2, 3]?
It is proposed to say yes, so that the various UE baseband architectures are allowed. In order to avoid UE cheating this capability, including two constraints are considered: (1) pdcch-BlindDetectionMCG-UE + pdcch-BlindDetectionSCG-UE >= pdcch-BlindDetectionCA, and (2) If the UE does not report pdcch-BlindDetectionCA, the UE must support at least one NR-DC band combination where the UE behaviour of blind decoding operation is the same as in Rel.15 NR-CA.
It is also proposed to say no, since if the UE does not report pdcch-BlindDetectionCA, the UE already enables linear increase of PDCCH blind decoding according to the number of DL cells. It is said that the UE can split PDCCH blind decoding process between DL cells in MCG and DL cells in SCG.

	Company
	Views

	NTT DOCOMO
	Our view is yes. With the above constraints (1) and (2), allowing report of pdcch-BlindDetectionMCG-UE and pdcch-BlindDetectionSCG-UE is no longer harmful. 

	Ericsson
	Yes – we are fine with allowing UE to report the capability, but with reduced possibility for underreporting, i.e. by ensuring that the maximum number of CCs for NR-DC can be configured with same BD operation as in Rel-15 NR-CA at least for one NR-DC band combination case. Thus, we propose the second FFS point to be updated as follows : 

“If the UE does not report pdcch-BlindDetectionCA, and If X is the maximum number of CCs supported by UE across all NR-DC band combinations with at least one NR-DC band combination with X1 CCs in MCG and X2 CCs in SCG such that X1+X2=X, then pdcch-BlindDetectionMCG-UE should be not less than X1 and pdcch-BlindDetectionSCG-UE should be not less than X2.”

Without this update, the condition in current second FFS point would be satisfied for a NR-DC band combination where the number of aggregated CCs (e.g. 1 in MCG and 1 in SCG) can be smaller than maximum number of  aggregated CCs in NR-DC for the UE, which would mean same BD operation as Rel-15 NR-CA cannot be supported for the case with maximum number of aggregated CCs in NR-DC.


	Nokia, Nokia Shanghai Bell
	If UE reports a support of C_MCG and C_SCG cells for a band-combination, but does not report pdcch-BlindDetectionCA, it should have hardware to support C_MCG and S_SCG cells also in terms of blind decoding.     On the other hand, pdcch-BlindDetectionMCG-UE and pdcch-BlindDetectionSCG-UE is reported per UE instead of band-combination. Therefore, for the case when pdcch-BlindDetectionCA is not reported, UE capability could be computed 
max(pdcch-BlindDetectionMCG-UE, C_MCG) and max(pdcch-BlindDetectionSCG-UE, C_SCG).


	Samsung
	For the third FFS that is the only one with RAN2 impact, the UE 
· should be configured with pdcch-BlindDetectionMCG and pdcch-BlindDetectionSCG if the UE does not report pdcch-BlindDetectionMCG-UE and pdcch-BlindDetectionSCG-UE (the UE can share PDCCH monitoring for the MCG and the SCG but does not support more than 4 cells for CA)
· should not be configured with pdcch-BlindDetectionMCG and pdcch-BlindDetectionSCG if the UE reports pdcch-BlindDetectionMCG-UE and pdcch-BlindDetectionSCG-UE (the UE cannot share PDCCH monitoring for the MCG and the SCG - CA applies per CG based on pdcch-BlindDetectionMCG-UE and pdcch-BlindDetectionSCG-UE instead of pdcch-BlindDetectionCA.

For the second FFS, the question is whether the PDCCH monitoring capability in a CG can be smaller than in Rel-15 CA. 
· If no, a UE cannot report a number of CCs for the MCG/SCG that the UE can aggregate in any band that is larger than pdcch-BlindDetectionMCG/SCG-UE. Alternatively, the network can cap the aggregated CCs per CG to the corresponding reported PDCCH monitoring capability for the CG regardless of the number of CCs the UE reports as capable of aggregating. 
· If yes, it can be up to the NW to manage the reduced UE capability for PDCCH monitoring but some specification update is then also needed (e.g. Rel-15 specs assume linear increase of PDCCH monitoring capability for up to 4 cells). 
We propose to remove the entire bullet with the FFS on band-combination and instead 
· either explicitly capture that the UE should not report a number of CCs it can aggregate for any band combination that exceeds its PDCCH monitoring capability on the CG (for up to 4 CCs as the UE does not report pdcch-BlindDetectionCA) 
· or implicitly force the NW (by not changing/updating the Rel-15 specifications) to not configure more CCs than BlindDetectionMCG/SCG-UE regardless of what the UE reports as CC aggregation capability for a CG
The explicit approach is somewhat preferred, the implicit one is also OK. This also makes the first FFS unnecessary.

	Huawei, HiSilicon
	When UE does not report pdcch-BlindDetectionCA, it is preferable from the network side that the PDCCH decoding capability is linear to the number of supported serving cells in each CG. If a UE supports PDCCH decoding capability of X serving cells in a CG, it is preferable that the number of supported serving cells in that CG as part of the NR-DC band combination does not exceed X. For example, if a UE supports (2, 2) as the PDCCH decoding capability in (MCG, SCG), the UE should not report supporting (3, 1) serving cells in a band combination (MCG, SCG).

Thus, 

1. for the first FFS, our preference is that UE does not report pdcch-BlindDetectionMCG-UE and pdcch-BlindDetectionSCG-UE if the UE does not report pdcch-BlindDetectionCA. 
2. for the second FFS, the bullet is not needed assuming our above proposal is accepted. 
3. for the third FFS, our preference is that if the UE does not report pdcch-BlindDetectionCA, the UE is not configured with pdcch-BlindDetectionMCG and pdcch-BlindDetectionSCG



	Qualcomm
	Regarding the 1st & 3rd FFS: 
We support the report of pdcch-BlindDetectionMCG_UE and pdcch-BlindDetectionSCG_UE when the UE does not report pdcch-BlindDetectionCA. 
This gives the network full flexibility for NR-DC operation for any MCG and SCG combination with keeping within the UEs decoding capability.  For example, the UE may report (pdcch-BlindDetectionMCG_UE = 2 and pdcch-BlindDetectionSCG_UE = 2). If the 1st FFS is accepted, the UE will at least support band combination (2 cells in MCG, 2 cells in SCG) which follows a Rel. 15 NR-CA UE behavior and other options (e.g., (3,1), (1,3)) of (number of cells in MCG, number of cells in SCG) may also be supported and configured by the network. If the 1st FFS is not accepted, the UE may have to limit the band combination report to (2 cells in MCG, 2 cells in SCG) to achieve the effect of (PDCCH decoding for 2 cells in MCG, PDCCH decoding for 2 cells in SCG). As a result, the other band combination options of (number of cells in MCG, number of cells in SCG) cannot be configured by the network even though it can be handled by the UE. There seems no reason why such flexibility should be precluded. Therefore, we support to convert the 1st FFS and 3rd FFS to agreements.

In order to provide further justification regarding the 1st FFS, we can consider the case where the network wants to configure 1 CC in MCG and 3 CCs in SCG for two different UEs, let’s call them UE1 and UE2. The two UEs reported the following capabilities.  

UE1:
· Reports a supported band combination with 2 CCs in MCG and 3 CCs in SCG
· Reports pdcch-BlindDetectionCA = 4
· Reports pdcch-BlindDetectionMCG_UE = 2
· Reports pdcch-BlindDetectionSCG_UE = 2

UE2: 
· Reports supported a band combination with 2 CCs in MCG and 2 CCs in SCG and also with 1 CC in MCG and 3 CCs in SCG 
· Doesn’t report pdcch-BlindDetectionCA
· Reports pdcch-BlindDetectionMCG_UE = 2
· Reports pdcch-BlindDetectionSCG_UE = 2

If the FFSs are agreed then 1 CC in MCG and 3 CCs in SCG is a valid and supported configuration for both UEs.  If the FFSs were not agreed then UE1 can be supported (as it is already agreed and not impacted by any of the FFSs) but UE2 cannot be.  We do not understand the rationale for such differentiation because the network operation is identical for both UEs. We do not understand why UE2 would not be ok given that UE1 is already agreed to be supported and both UEs have the same blind decoding capability. 

Regarding the 2nd FFS: 
We support turning this FFS to an agreement as well. 


	
	

	
	



	
3. Consensus
Select one of the following.
Alt.1: DOCOMO, Ericsson, Nokia, Qualcomm, vivo
The above agreement is updated and agreed as follows:
· For NR-DC (including late drop UEs), ask RAN2 if it is possible to introduce RRC parameters pdcch-BlindDetectionMCG and pdcch-BlindDetectionSCG, which configures the reference number of cells for blind detection for MCG and SCG, respectively, and RRC parameters pdcch-BlindDetectionMCG-UE and pdcch-BlindDetectionSCG-UE for optional new UE capability signalling that informs the maximum values for pdcch-BlindDetectionMCG and pdcch-BlindDetectionSCG, respectively. If yes, 
· The value range of pdcch-BlindDetectionMCG-UE and pdcch-BlindDetectionSCG-UE is 
· [1, …, pdcch-BlindDetectionCA-1] and pdcch-BlindDetectionMCG-UE + pdcch-BlindDetectionSCG-UE >= pdcch-BlindDetectionCA if the UE reports pdcch-BlindDetectionCA, and
· FFS: [1, 2, 3] and pdcch-BlindDetectionMCG-UE + pdcch-BlindDetectionSCG-UE >= the maximum number of DL serving cells over CGs that UE can support if the UE does not report pdcch-BlindDetectionCA.
· If the UE does not report pdcch-BlindDetectionMCG-UE and pdcch-BlindDetectionSCG-UE, 
· pdcch-BlindDetectionCA for NR-CA is re-used as the UE capability signalling for NR-DC to determine BD/CCE limit across serving cells over CGs if the UE reports pdcch-BlindDetectionCA, and 
· the number of configured DL serving cells over CGs is used to determine BD/CCE limit across serving cells over CGs if the UE does not report pdcch-BlindDetectionCA.
· If the UE reports pdcch-BlindDetectionMCG-UE or pdcch-BlindDetectionSCG-UE, both of them are reported (i.e., not either of them).
· pdcch-BlindDetectionMCG-UE and pdcch-BlindDetectionSCG-UE are per UE capability signalling.
· FFS: If the UE does not report pdcch-BlindDetectionCA, and if X is the maximum number of CCs supported by the UE across all NR-DC band combinations then there is at least one parameter pair (X1, X2) such that X1 + X2 = X and the UE supports at least one NR-DC band combination with X1 CCs in MCG and X2 CCs in SCG and for which X1 <= pdcch-BlindDetectionMCG-UE and X2 <= pdcch-BlindDetectionSCG-UE. the UE must support at least one NR-DC band combination where the UE behaviour of blind decoding operation is the same as in Rel.15 NR-CA.
· For MCG and SCG, the UE calculates BD/CCE limit for the CGs by using pdcch-BlindDetectionMCG and pdcch-BlindDetectionSCG, respectively.
· The value range of pdcch-BlindDetectionMCG and pdcch-BlindDetectionSCG is [1, 2, …, 15].
· pdcch-BlindDetectionMCG + pdcch-BlindDetectionSCG <= pdcch-BlindDetectionCA if the UE reports pdcch-BlindDetectionCA, and pdcch-BlindDetectionMCG + pdcch-BlindDetectionSCG <= the number of configured DL serving cells over CGs if the UE does not report pdcch-BlindDetectionCA.
· For a UE configured with NR-DC, if the UE reports pdcch-BlindDetectionCA, the UE is always configured with pdcch-BlindDetectionMCG and pdcch-BlindDetectionSCG.
· FFS: if the UE does not report pdcch-BlindDetectionCA.
· The information exchange between MCG and SCG (if any) is up to RAN2/RAN3 to discuss.
· For a NR-CA operation with only the fallback NR-CA band combination derived from a NR-DC band combination, the determination of PDCCH blind decoding capability follows the existing mechanism for NR-CA without involvement of any pdcch-BlindDetectionMCG-UE or pdcch-BlindDetectionSCG-UE.

Alt.2: Huawei, Samsung, Nokia
The above agreement is updated and agreed as follows:
· For NR-DC (including late drop UEs), ask RAN2 if it is possible to introduce RRC parameters pdcch-BlindDetectionMCG and pdcch-BlindDetectionSCG, which configures the reference number of cells for blind detection for MCG and SCG, respectively, and RRC parameters pdcch-BlindDetectionMCG-UE and pdcch-BlindDetectionSCG-UE for optional new UE capability signalling that informs the maximum values for pdcch-BlindDetectionMCG and pdcch-BlindDetectionSCG, respectively. If yes, 
· The value range of pdcch-BlindDetectionMCG-UE and pdcch-BlindDetectionSCG-UE is 
· [1, …, pdcch-BlindDetectionCA-1] and pdcch-BlindDetectionMCG-UE + pdcch-BlindDetectionSCG-UE >= pdcch-BlindDetectionCA if the UE reports pdcch-BlindDetectionCA, and
· FFS: [1, 2, 3] and pdcch-BlindDetectionMCG-UE + pdcch-BlindDetectionSCG-UE >= the maximum number of DL serving cells over CGs that UE can support if the UE does not report pdcch-BlindDetectionCA.
· If the UE does not report pdcch-BlindDetectionMCG-UE and pdcch-BlindDetectionSCG-UE, 
· pdcch-BlindDetectionCA for NR-CA is re-used as the UE capability signalling for NR-DC to determine BD/CCE limit across serving cells over CGs if the UE reports pdcch-BlindDetectionCA, and 
· the number of configured DL serving cells over CGs is used to determine BD/CCE limit across serving cells over CGs if the UE does not report pdcch-BlindDetectionCA.
· If the UE reports pdcch-BlindDetectionMCG-UE or pdcch-BlindDetectionSCG-UE, both of them are reported (i.e., not either of them).
· pdcch-BlindDetectionMCG-UE and pdcch-BlindDetectionSCG-UE are per UE capability signalling.
· FFS: If the UE does not report pdcch-BlindDetectionCA, the UE must support at least one NR-DC band combination where the UE behaviour of blind decoding operation is the same as in Rel.15 NR-CA.
· For MCG and SCG, the UE calculates BD/CCE limit for the CGs by using pdcch-BlindDetectionMCG and pdcch-BlindDetectionSCG, respectively.
· The value range of pdcch-BlindDetectionMCG and pdcch-BlindDetectionSCG is [1, 2, …, 15].
· pdcch-BlindDetectionMCG + pdcch-BlindDetectionSCG <= pdcch-BlindDetectionCA if the UE reports pdcch-BlindDetectionCA, and pdcch-BlindDetectionMCG + pdcch-BlindDetectionSCG <= the number of configured DL serving cells over CGs if the UE does not report pdcch-BlindDetectionCA.
· For a UE configured with NR-DC, if the UE reports pdcch-BlindDetectionCA, the UE is always configured with pdcch-BlindDetectionMCG and pdcch-BlindDetectionSCG.
· FFS: if the UE does not report pdcch-BlindDetectionCA, the UE is not configured with pdcch-BlindDetectionMCG and pdcch-BlindDetectionSCG.
· The information exchange between MCG and SCG (if any) is up to RAN2/RAN3 to discuss.

Status:
· Alt.1 (a UE supporting NR-DC with not more than 4 CCs can report the agreed UE capability signalling, pdcch-BlindDetectionMCG-UE and pdcch-BlindDetectionSCG-UE): DOCOMO, Ericsson, Qualcomm, vivo, Nokia (OK), Samsung (OK)
· Alt.2 (a UE supporting NR-DC with not more than 4 CCs shall not report the agreed UE capability signalling, pdcch-BlindDetectionMCG-UE and pdcch-BlindDetectionSCG-UE): Huawei, Nokia (OK), Samsung (OK)
· One company (Huawei) still prefers Alt.2, and do not see the benefit of Alt.1 for the case with UE not reporting pdcch-BlindDetectionCA (i.e., not more than 4 CCs).

Huawei's points:
· The need of UE capability signalling, pdcch-BlindDetectionMCG-UE and pdcch-BlindDetectionSCG-UE, is unclear, at least for a UE not reporting pdcch-BlindDetectionCA (i.e., not more than 4 CCs), while can accept these UE capability signalling for a UE reporting pdcch-BlindDetectionCA (i.e., more than 4 CCs).
· Only async NR-DC could be the use-case of the UE capability signalling. Therefore, suggest to add one bullet in Alt.1 saying that network may ignore the UE capability signalling pdcch-BlindDetectionMCG-UE and pdcch-BlindDetectionSCG-UE, in which case the UE shall be able to perform PDCCH BD same as for NR-CA with the same band combinations.
· Network flexibility is lost, if the UE is allowed to report pdcch-BlindDetectionMCG-UE < max no. of CCs supported in MCG.

Other companies' points:
· It was already agreed that UE can report pdcch-BlindDetectionCA, pdcch-BlindDetectionMCG-UE, and pdcch-BlindDetectionSCG-UE, which is acceptable also for Huawei. Based on this agreements, a UE can report pdcch-BlindDetectionMCG-UE=2 and pdcch-BlindDetectionSCG-UE=2 for NR-DC with more than 4 CCs. It is quite natural to allow UE to report pdcch-BlindDetectionMCG-UE=2 and pdcch-BlindDetectionSCG-UE=2 also for NR-DC with not more than 4 CCs.
· It was already agreed that for Rel.15 sync NR-DC, pdcch-BlindDetectionMCG-UE and pdcch-BlindDetectionSCG-UE are supported. Rel.15 NR-DC is only for synchronous case. Therefore, sync vs async should not be the matter of this discussion.
· Alt.1 does not lose network flexibility, while just increase UE flexibility. It is network's choice whether to configure NR-DC if a UE reports pdcch-BlindDetectionMCG-UE < max no. of CCs supported in MCG.

Suggestion:
· Still suggest to adopt Alt.1 according to the above summarized argument.
· In order to accommodate Huawei's concern on fallback NR-CA operation, suggest to add one bullet in Alt.1 to make sure that the PDCCH BD capability for fallback NR-CA operation is not restricted by pdcch-BlindDetectionMCG-UE and pdcch-BlindDetectionSCG-UE.


