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1. Introduction
In RANP#91-e, introduction of cell grouping UE capability for NR-DC was discussed [1][2], and even there are two RAN2 CR already endorsed before the plenary [3][4]. The capability indicates which cell group for each NR band in one NR DC band combination, i.e., either MCG or SCG, which is shown below [1]:
	A cell grouping option is represented by a number of bits, where the left-most bit corresponds to the frequency band listed first in the band combination, etc. Value 0 indicates that the carriers of the corresponding frequency band are mapped to MCG, while value 1 indicates that the carriers of the corresponding frequency band are mapped to SCG.
The UE signals the Bit-String where each bit corresponds to a cell grouping option. A bit in the bit string set to 1 indicates that the UE supports NR-DC with the cell grouping option.
	Nr of Frequency Bands:
	5
	4
	3
	2

	[bookmark: _Hlk65513107]Length of Bit-String:
	30
	14
	6
	2

	Bit String Position
	Cell grouping option (0= MCG, 1= SCG)

	1
	00001
	0001
	001
	01

	2
	00010
	0010
	010
	10

	3
	00011
	0011
	011
	

	4
	00100
	0100
	100
	

	5
	00101
	0101
	101
	

	6
	00110
	0110
	110
	

	7
	00111
	0111
	
	

	8
	01000
	1000
	
	

	9
	01001
	1001
	
	

	10
	01010
	1010
	
	

	11
	01011
	1011
	
	

	12
	01100
	1100
	
	

	13
	01101
	1101
	
	

	14
	01110
	1110
	
	

	15
	01111
	
	
	

	16
	10000
	
	
	

	17
	10001
	
	
	

	18
	10010
	
	
	

	19
	10011
	
	
	

	20
	10100
	
	
	

	21
	10101
	
	
	

	22
	10110
	
	
	

	23
	10111
	
	
	

	24
	11000
	
	
	

	25
	11001
	
	
	

	26
	11010
	
	
	

	27
	11011
	
	
	

	28
	11100
	
	
	

	29
	11101
	
	
	

	30
	11110
	
	
	






In addition to the endorsed solution, another solution also draws attention based on PUCCH grouping:
[image: ]
Fig. 1, PUCCH grouping
 
Eventually the two RAN2 CR were not approved by the plenary, and RAN4 is tasked to discuss the topic and provide inputs to RAN2 in the April meeting. 
In this contribution, we provide our understanding on the two designs and further draft a reply to the RAN2 LS[5].
2. Discussion
In the endorsed RAN2 solution, compared with its LTE precedence, cell grouping in NR has two major differences for the sake of comparable signalling overhead even with a much larger number of entries in one band combination in NR:
(1) Granularity of grouping capability is per band instead of per “band entry”. 
(2) Maximum number of bands for one NR DC band combination in the current RAN2 design is 5.
For (1), it is obvious that intra-band NR DC is not supported, although there is no such request in RAN4 up to now. However, in some cases, one operator may acquire different frequency blocks in a band with a large bandwidth, e.g., n77, and also a frequency block at adjacent band but close to one acquired frequency block, as shown in Fig. 2.
[image: ]
Fig. 2, 
Of all three possible deployments shown above, the bottom one may expect optimized performance in some scenarios if NR DC is intended. But according to current design, it is not supported. 
Observation 1: Granularity of per band for cell grouping may limit deployment optimization in some cases.
Another concern is also raised on the maximum number of supported bands, i.e., 5. As of current situation in RAN4, no band combination with more than 5 bands is requested for NR DC, however, it may be subject to Operator’s demands. Such demand may show up in the future, so the current design is not a future-proof design.
Observation 2: Fixating the maximum number of supported bands in one band combination to 5 is not future proof.
However, considering its urgency in Rel-16 (Due Jun 2021) and the proposed design can satisfy all the requested band combinations already specified in RAN4 specs, it is reasonable to approve the endorsed solution, and RAN2 can redesign for the cell grouping if there is a new demand in the future beyond the current design.
Observation 3: From RAN4 perspective, the endorsed RAN2 solution on cell grouping for NR DC can satisfy all the band combinations already specified in RAN4 specs.
Proposal 1: From RAN4 perspective, the endorsed RAN2 solution on cell grouping for NR DC is acceptable if considering the urgency of cell grouping support for NR DC.
In PUCCH grouping based solution, because it only signals “carrier-type”, which is basically in a resolution of frequency range, it neither directly indicates MCG/SCG, nor sync/a-sync operation for carriers in each band for the concerned NR DC band combination. We do not see any reasonability of replacing the endorsed solution with PUCCH grouping based solution.
Observation 4: From RAN4 perspective, the endorsed RAN2 solution on cell grouping for NR DC is more reasonable than PUCCH grouping based solution.
3. Conclusion
In this paper, we have the following observations and proposal for cell grouping capability for NR DC:
[bookmark: _Hlk68109470]Observation 1: Granularity of per band for cell grouping may limit deployment optimization in some cases.
Observation 2: Fixating the maximum number of supported bands in one band combination to 5 is not future proof.
Observation 3: From RAN4 perspective, the endorsed RAN2 solution on cell grouping for NR DC can satisfy all the band combinations already specified in RAN4 specs.
Observation 4: From RAN4 perspective, the endorsed RAN2 solution on cell grouping for NR DC is more reasonable than PUCCH grouping based solution.
Proposal 1: From RAN4 perspective, the endorsed RAN2 solution on cell grouping for NR DC is acceptable if considering the urgency of cell grouping support for NR DC.
4. Appendix – draft Reply LS
Title:	draft Reply LS on introduction of Cell Grouping UE capability for NR-DC
Response to:	R2-2102212
Release:	Release 16
Work Item	LTE_NR_DC_CA_enh-Core

Source:	RAN4
To:	RAN2
Cc:	RAN1

Contact Person:	
Name:	Aijun Cao
E-mail Address:	cao.aijun@zte.com.cn

Send any reply LS to:	3GPP Liaisons Coordinator, mailto:3GPPLiaison@etsi.org

Attachments:	None

1. Overall Description:
RAN4 thanks to RAN2 for the LS on introduction of cell grouping UE capability for NR-DC. 
RAN4 has discussed both the endorsed solution and PUCCH grouping based solution, and have the following understanding from RAN4 perspective:

· Granularity of per band for cell grouping may limit deployment optimization in some cases.
· Fixating the maximum number of supported bands in one band combination to 5 is not future proof.
· From RAN4 perspective, the endorsed RAN2 solution on cell grouping for NR DC can satisfy all the band combinations already specified in RAN4 specs.
· From RAN4 perspective, the endorsed RAN2 solution on cell grouping for NR DC is more reasonable than PUCCH grouping based solution.

However, from RAN4 perspective, the endorsed RAN2 solution on cell grouping for NR DC is acceptable if considering the urgency of cell grouping support for NR DC.

2. Actions:
[bookmark: _Hlk46227635]To SA2:
ACTION:	RAN4 respectfully asks RAN2 to take the above information into account.

3. Date of Next RAN4 Meetings:
TSG-RAN WG4#99-e	 May 19th – May 27th, 2021	Online meeting

5. Reference
RP-210738, Discussion on NR-DC cell grouping UE capability, Qualcomm
RP-210686, Rel-16 NR-DC Cell-grouping UE capability, Apple, MediaTek, ZTE
R2-2102210, CR to TS 38.331 on Introduction of Cell Grouping UE capability for NR-DC, Qualcomm
R2-2102211, CR to TS 38.306 on Introduction of Cell Grouping UE capability for NR-DC, Qualcomm
R2-2102212, LS on Introduction of Cell Grouping UE capability for NR-DC, Qualcomm
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