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1 Introduction

In RAN2 Adhoc meeting, the following agreements have been made regarding on the size reduction of capability:

Agreements for NR UE capabilities:

1: 
NR will support gNB requested band combination signalling. 

2: 
For gNB requested band combination signalling the gNB can provide super-set BCs. 

3
UE can skip subset of band combinations if corresponding UE capabilities are the same.  

4
RAN2 aim not to duplicate band combinations to indicate the combination of DL bands and UL bands.

5
RAN2 aim to introduce per UE baseband capabilities separated from the band combinations (e.g. FD-MIMO capabilities, number of CSI processes, etc) and minimise per band combination signalling.

In this contribution, we will further discuss how to separate per UE baseband capabilities from the band combinations in NR.
2 Discussion 
2.1 UE capability structure for NR
It has been agreed that “RAN2 aim to introduce per UE baseband capabilities separated from the band combinations”.  For the pure base band capability for example CSI processing capability it would be enough to have UE level base band capability. However, there also exists some capabilities for example MIMO capability which would be impacted by both base band capability and RF capability, and thus it should be reported in both baseband capability part and RF capability part and the network will consider the constraint form both parts when configuring the operation of the UE. Therefore, the capability structure for NR would include three parts: base band capability, RF capability and CA band combination as shown below: 
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Figure1 NR UE capability structure
For example, even though the UE indicates higher RANK MIMO in baseband capability, it is not easy to support higher MIMO layer in particular frequency band. For a particular band combination, the support MIMO capability would be determined by the minimized capability of the baseband MIMO capability and RF MIMO capability. To our understanding, the support RF MIMO capability may be different for contiguous/non-contiguous scenario which should be decided in RAN4
Proposal 1: MIMO capability could be split into baseband part and RF part, and for a particular band combination, the support MIMO capability will be determined by the minimized capability of the baseband MIMO capability and RF MIMO capability
Proposal 2: Send LS to RAN4 to ask whether the supported MIMO RF capability is different for contiguous/non-contiguous scenario.
2.2 Per UE Baseband capability design for NR

In this section, we describe how to support per UE baseband capability for MIMO/CSI, etc. Baseband capabilities are actually not independent to each other. For example, configuration of 8 layer MIMO in total may decrease the capability of CSI processing comparing with configuration 4 layer MIMO in total. Therefore, the design for the per UE basis base band capability shall consider the interrelationship of different baseband capabilities. There has three options addressing this issue in the email discussion:
Solution1 in email discussion: baseband capability combination set
The set of supported baseband capability combinations are indicated per UE and each capability combination includes the number of CCs, bandwidth and the number of MIMO layers. The gNB can know the supported baseband capability combinations associated to the corresponding CA/bandwidth/MIMO.  
The following table shows the example of baseband capability combination set. 

	Entry #
	 # of CCs
	# of MIMO layer per CC
	Bandwidth of each CC
	Baseband capability combination

	1
	1
	2 layer at CC1


	10MHz at CC1
	CC1: A(3) + B(3) + C(2)

	2
	2
	4 layer at CC1

4 layer at CC2
	10MHz at CC1

10MHz at CC2
	CC1: A(2)+B(2)+C(2)

CC2: A(2) +B(1)+C(1)

	…
	
	
	
	

	N
	
	
	
	

	
	
	
	
	


Solution 2 in email discussion: Total baseband capability per UE with cost function
The UE indicates its overall processing capabilities and individual processing costs for e.g. MIMO, NAICS and CSI measurements. The network could assume that the UE would support any combination of base band capabilities if the sum of processing cost are subject to overall processing capability of the UE.   
Solution 3 in email discussion: maximum in total and maximum per CC based baseband capability combination set 
In this option, the UE indicates the possible combination of based band capability and any sub set of the commination are supposed to be supported by the UE as shown below: 

Table 1 baseband capability combination 

	CSI
	MIMO
	Total CC bandwidth
	Other possible baseband function 

	Maximum processes in total
	Maximum processes per CC
	Maximum layers in total
	Maximum layers per CC
	
	

	12
	4
	16
	4
	40M
	

	10
	4
	20
	4
	40M
	

	4
	4
	24
	4
	40M
	


In solution 2, the report signalling could be minimized, but it will put restriction on UE implementation, and it require the totally share of BB resource between all the baseband capabilities which may not always be guaranteed in implementation. 
For soution1, the baseband capabilities is actually defined per CC in each CCs band combination. This would incur that more combinations have to be listed comparing with option 3 where total MIMO/CSI/Bandwidth capabilities are defined.
The solution 3 allow some implementations flexibility with the cost of signalling on the combination. however, even if we needs big size of combination of base band capability, it will still far less than the LTE today considering that the baseband combination is per UE basis instead of per band combination basis. Therefore, we would suggest to consider baseband capability combination report in NR. 
The details (for example how many column need to be included in the table) on the required base band combination could be up to RAN4 discussion. One or more baseband capabilities combination table may be needed depend on RAN4’s discussion. The baseband capabilities which would share the same BB resources would be in the same table, the capabilities which wouldn’t share the same BB resources could be put into different tables. We also assume the table could be further extended if more functions are introduced in the latter release which require baseband processing capability.
Proposal 3: The maximum baseband capability combination table could be introduced for BB capability report and the details on the table could be up to RAN4 discussion.
3 Conclusion
In this contribution, we discussed the possibility of reducing capability report size in NR, and propose:

Proposal 1: MIMO capability could be split into baseband part and RF part, and for a particular band combination, the support MIMO capability will be determined by the minimized capability of the baseband MIMO capability and RF MIMO capability
Proposal 2: Send LS to RAN4 to ask whether the supported MIMO RF capability is different for contiguous/non-contiguous scenario.
Proposal 3: The baseband capability combination table could be introduced for BB capability report..
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