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Introduction
In the previous RAN2 meetings, there was a discussion on the need to introduce R16 UE capability of cell grouping for asynchronous NR-DC and/or synchronous NR-DC. In general, RAN2 agreed “cell grouping” like UE capability can be introduced for sync and async NR-DC, but the final signalling design was postponed to wait for more RAN1 and RAN4 input. And during the email discussion [Post112-e][255][R16 DCCA] Cell grouping for synchronous NR-DC, there seems no clear consensus on how to handle cell grouping for sync NR-DC, and majority think there are multiple alternatives on table, further analysis is needed before down selection.
In this contribution, we would like to provide more considerations and analysis on the alternatives of UE capability signalling design for both sync and async NR-DC, based on RAN1 and RAN4 LS in [1][2].
Discussion
Current situation
RAN2 agreements are as follows:
	For asynchronous NR-DC:
· Introduce 1-bit indication on whether Rel-16 UE supports asynchronous operation and its supported cell grouping for a given band combination.
· Absence of cell grouping signaling means the UE only support Rel-15 cell grouping (i.e. MCG fully in FR1 and SCG fully in FR2)
· Cell grouping signaling is supported, FFS: signaling detail of cell grouping (LTE cell grouping capability can be considered)
· MCG and SCG can be differentiated in cell grouping signaling (provided that we can finally agree on a signaling solution). FFS how to signal.

For synchronous NR-DC:
· Capture in Rel-16 38.306 “The UE shall not report this UE capability from this release” in field description of sfn-SyncNRDC.
· The UE shall support Rel-15 cell grouping (i.e. MCG fully in FR1 and SCG fully in FR2), for backward compatibility with Rel-15 network. No new signaling is required to be introduced for this.
· RAN2 intends to introduce a releasre-16 UE capability for sync-DC (can be 1 bit, cell grouping or else) in a future meeting. Absence of such UE capability parameter means the UE supports Rel-15 cell grouping only (i.e. MCG fully in FR1 and SCG fully in FR2).



The views from RAN1 in LS [1] on sync NR-DC cell grouping is RAN1 did not confirm if sync NR-DC cell grouping is necessary, but only suggest RAN2 to take the carrier type indication of two PUCCH group capability into account for the signalling design of sync NR-DC cell grouping. The final decision is up to RAN2.
The views from RAN4 in LS [2] is sync NR-DC cell grouping UE capability is beneficial for both sync and asyn NR-DC. In particular to sync NR-DC, RAN4 confirmed there is the need to indicate whether FR2 MCG can be supported and support of FR1+FR2 CA or FR1-FR2 DC for a give BC. RAN4 also suggest to apply same cell grouping signalling structure for both syn and async NR-DC.
Taking all the information into account, in our understanding the requirements to introduce “cell grouping” like UE capability is for a given band combination:
•	MCG and SCG can be differentiated
And especially for sync NR-DC:
•	Whether FR2 MCG can be supported should be indicated.
•	Support of FR1+FR2 CA or FR1-FR2 DC for a give BC can be differentiated.
In addition, there are also some concerns whether the existing UE capability of power sharing, PUCCH group capability, PCell placement can be applicable to (sync) NR-DC should be addressed or clarified as well.
Analysis on current alternatives
During previous RAN2 meeting, there are already some alternatives raised in [3][4][5][6]. We understand some of the solutions may only target at the async NR-DC case, but could also apply to sync NR-DC case from signalling design point of view. So we would like to do some analysis on all the alternatives first, based on the pros and cons the down-selection would be easier. 
In [3], it basically propose to reuse the LTE cell grouping signalling structure. This has been discussed in offline discussion 111e offline#021, the key issue spotted out is MCG and SCG cannot be differentiated.
	Nr of Band Entries:
	5
	4
	3

	Length of Bit-String:
	15
	7
	3

	Bit String Position
	Cell grouping option (0= first cell group, 1= second cell group)

	1
	00001
	0001
	001

	2
	00010
	0010
	010

	3
	00011
	0011
	011

	4
	00100
	0100
	

	5
	00101
	0101
	

	6
	00110
	0110
	

	7
	00111
	0111
	

	8
	01000
	
	

	9
	01001
	
	

	10
	01010
	
	

	11
	01011
	
	

	12
	01100
	
	

	13
	01101
	
	

	14
	01110
	
	

	15
	01111
	
	



To address the issue, two options are proposes in [4], with the same signalling overhead. Our understanding both solutions have fixed size of signalling size for a given band combination. For instance, for a given band combination A+B+C+D+E,
LTE cell grouping structure in [3]: 
· UE report 15 bits string to indicate the cell grouping options in supportedCellGrouping, value 1 represent the corresponding cell grouping option associated with position of this value is supported as the above table. In this table, master cell group can be either MCG or SCG.
Enhanced solutions in [4]:
· Option1: UE reports 30 bits string to indicate the cell grouping options. In the mapping table between bit string and cell grouping option, first/second cell group could be associated to MCG specifically.
· Option2: UE still reports 15 values, but each value takes 2 bits indicating if this value indicates support of which case from (MCG, SCG, both, no support at all). Then the overhead is the same as option1, i.e. 30 bits.
Then one solution of capability filter is proposed in [5], which is to indicate the possible cell grouping supported by network to UE, then the UE only reports the UE capability for the cell grouping indicated by network. We understand the purpose is to reduce the signalling overhead as filters always do. But we still have some questions:
1. Whether network can just send one filter (i.e. one cell grouping option) to UE. If so, it seems strange to assume network deploy multiple bands but only support one cell grouping option especially for sync NR-DC; if not, how the network send more options in the filter and how UE indicates the support of one of them.
2. How to differentiate MCG and SCG.
3. It cannot work as complementary solution to the (enhanced) LTE cell grouping signalling. Because if it is on top of LTE cell grouping signalling, for a given band combination, even if network may only have interest on specific cell grouping options (A+B+C)+(C+D), the UE still needs to report the complete bit string of 15/30 bits for this BC, which makes the filter useless.
In [6], some aspects to save signalling overhead were raised, including to introduce one bit to indicate support of asynchronous NR-DC with MCG in FR1 and SCG in FR2. In our understanding, the current agreement means if the async NR-DC capability is present, but cell grouping capability is absent, it means the UE only support MCG in FR1+SCG in FR2 on that band combination for async NR-DC. So the proposed one bit is not needed.
[bookmark: _GoBack]And in RAN1 reply LS [1], the two PUCCH group signalling 22-7 can also indicate cell grouping options on a coarse level. For instance, a UE can report the support of configuration of {MCG carrier type, SCG carrier type} where for each CG, the supported carrier type could be one or multiple from {FR1 licensed TDD, FR1 unlicensed TDD, FR1 licensed FDD, FR2}. This method cannot differentiate specific band if in this band combination, there are more than one band share the same carrier type. And we also consider one case is a UE only supports the below two cell grouping options:
· MCG is fully in FR1 and SCG is fully in FR2.
· MCG is fully in FR2 and SCG is fully in FR1.
However, the signalling design like 22-7 cannot indicate this case.
Some summary is as below:
	Solutions
	Pros
	Cons

	Legacy LTE cell grouping signalling structure
	Used in LTE DC, and the meaning is clear
	MCG and SCG is not differentiated.

	Enhanced solution based on LTE cell grouping in [4]
	Can differentiate MCG and SCG, the meaning is clear as well
	Signalling overhead is even more.

	Solution based on filter in [5]
	The intention is to save signalling overhead
	It is not crystal clear how to work and there is not much time to study further considering R16 is closed.

	22-7 (for NR CA with two PUCCH group) like solution
	Signalling overhead is less than (enhanced) LTE cell grouping solution
	The band with the same carrier type cannot be differentiated. And it can cannot be indicated if UE only support the two cases:
· MCG is fully in FR1 and SCG is fully in FR2.
· MCG is fully in FR2 and SCG is fully in FR1.



Proposed solutions for aync NR-DC and sync NR-DC
Based on the above analysis, we feel enhanced LTE cell grouping solution should be safer to be used at least for async NR-DC case. And the option 1 in [3] is more straightforward for easy understanding. 
	Nr of Band Entries:
	5
	4
	3

	Length of Bit-String:
	30
	14
	6

	Bit String Position
	Cell grouping option (0= master cell group, 1= secondary cell group)

	1
	00001
	0001
	001

	2
	00010
	0010
	010

	3
	00011
	0011
	011

	4
	00100
	0100
	110

	5
	00101
	0101
	101

	6
	00110
	0110
	100

	7
	00111
	0111
	

	8
	01000
	1110
	

	9
	01001
	1101
	

	10
	01010
	1100
	

	11
	01011
	1011
	

	12
	01100
	1010
	

	13
	01101
	1001
	

	14
	01110
	1000
	

	15
	01111
	
	

	16
	11110
	
	

	17
	11101
	
	

	18
	11100
	
	

	19
	11011
	
	

	20
	11010
	
	

	21
	11001
	
	

	22
	11000
	
	

	23
	10111
	
	

	24
	10110
	
	

	25
	10101
	
	

	26
	10100
	
	

	27
	10011
	
	

	28
	10010
	
	

	29
	10001
	
	

	30
	10000
	
	



Proposal 1: For async NR-DC, to adopt the enhanced solution based on LTE cell grouping signalling structure, where MCG/SCG is explicitly indicated.
The above table can be applicable to both intra-FR band combination and also FR1+FR2 band combination. And for FR1+FR2 band combination, we think the basic UE capability should support MCG in FR1 and SCG in FR2 cell grouping option by default like for sync NR-DC, but we do not see the need of restriction from signalling point of view. 
Observation 1: The same signalling structure of cell grouping can be applicable for both intra-FR and FR1+FR2 band combinations. 
For differentiation between FR1+FR2 CA and FR1-FR2 DC for a given band combination, as we discussed in post email discussion [Post112-e][255][R16 DCCA] Cell grouping for synchronous NR-DC, we understand the current signalling already allow the differentiation. For instance, if only NR-DC is supported but not CA, a UE can set FS#0 for UL and DL to indicate no support of CA in BandCombination:: featureSetCombination, but include the NR-DC capability in CA-ParametersNRDC:: featureSetCombinationDC. And on the other hand if the UE only support NR CA but not NR-DC, it will not indicate CA-ParametersNRDC.
Observation 2: The existing signalling supports the differentiation between CA and DC for a given band combination (intra-FR or FR1+FR2).
For UL power control, in our understanding there is no power sharing in case of MCG in FR1and SCG in FR2 in R15 sync NR-DC, it should be the similar situation for async NR-DC. And the R16 power sharing methods of semi-static mode1 and dynamic power sharing are both applicable for sync NR-DC and async NR-DC, while semi-static mode 2 is only applicable for sync NR-DC. So we understand there is no ambiguity how power sharing work related to cell grouping capability for both sync and async NR-DC cases.
Observation 3: there is no ambiguity of power sharing in case of sync and async NR-DC, i.e. no power sharing for FR1+FR2 NR-DC regardless of sync or async; semi-static mode 1 and dynamic is applicable to both sync and async intra NR-DC regardless of cell grouping options; semi-static mode 2 is only applicable to sync NR-DC regardless of cell grouping options based on the UE capability reported for a give band combination.
For PCell placement, in last meeting a new UE capability CarrierAggregationVariant is introduced to indicate the supported carrier type of the SpCell for a given carrier type combination. And during the email discussion, it was confirmed this capability is also applicable to NR-DC case, and our assumption is that it is not differentiate sync NR-DC or asyn NR-DC. 
Observation 4: the same UE capability CarrierAggregationVariant is applicable to both MCG and SCG in NR-DC (including asyn and sync cases if UE supports).
For sync NR-DC, since RAN4 has already confirmed the need of sync NR-DC cell grouping capability and also suggest to use the same signalling design for async NR-DC, we are fine to have it. But we think the signalling overhead should be reduced as much as possible. For example, it is possible that UE support sync NR-DC and async NR-DC with the same cell grouping options. Then anyway the UE should report an explicit cell grouping capability for aync NR-DC, in this case there should a way to indicate the same cell grouping options are supported to sync NR-DC as well. One new bit could be used for this purpose.
Proposal 2: for sync NR-DC, to adopt the same signalling structure as that for async NR-DC, i.e. enhanced solution based on LTE cell grouping signalling structure, where MCG/SCG is explicitly indicated.
Proposal 3: for sync NR-DC, to introduce one bit to indicate if the cell grouping capability reported for async NR-DC can also apply to sync NR-DC.
Conclusion
In this contribution, we discuss the cell grouping signalling design for both sync NR-DC and async NR-DC.
Observation 1: The same signalling structure of cell grouping can be applicable for both intra-FR and FR1+FR2 band combinations. 
Observation 2: The existing signalling supports the differentiation between CA and DC for a given band combination (intra-FR or FR1+FR2).
Observation 3: there is no ambiguity of power sharing in case of sync and async NR-DC, i.e. no power sharing for FR1+FR2 NR-DC regardless of sync or async; semi-static mode 1 and dynamic is applicable to both sync and async intra NR-DC regardless of cell grouping options; semi-static mode 2 is only applicable to sync NR-DC regardless of cell grouping options based on the UE capability reported for a give band combination.
Observation 4: the same UE capability CarrierAggregationVariant is applicable to both MCG and SCG in NR-DC (including asyn and sync cases if UE supports both).
Proposal 1: for async NR-DC, to adopt the enhanced solution based on LTE cell grouping signalling structure, where MCG/SCG is explicitly indicated.
Proposal 2: for sync NR-DC, to adopt the same signalling structure as that for async NR-DC, i.e. enhanced solution based on LTE cell grouping signalling structure, where MCG/SCG is explicitly indicated.
Proposal 3: for sync NR-DC, to introduce one bit to indicate if the cell grouping capability reported for async NR-DC can also apply to sync NR-DC.
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