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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.

Agreements

1
RAN2 will define a solution based where the baseband capabilities are extracted from the BC structure and convey the baseband capabilities in a separate table. We intend to avoid providing fallback combinations and duplication of combinations.

In this contribution, we will further discuss how to separate per UE baseband capabilities from the band combinations in NR.
2 Discussion 
It has been agreed that “RAN2 will define a solution based where the baseband capabilities are extracted from the BC structure and convey the baseband capabilities in a separate table”.  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. 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. 
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
To reflect the RF capability restriction for MIMO capability, there has two options for capability structure design: 

Opiton1: define separate RF MIMO capability 

In this option, the capability structure for NR would include three parts: base band capability, RF MIMO capability and CA band combination as shown below: 

[image: image1.emf]Baseband capabity

Total MIMO layer/(max per CC)

Total CSI-process/(max per CC)

CC number and bandwidth

UE capacity

RF MIMO capacity

CA band 

combiantion

Band Combination2

Band 2

Band 1

Band Combination1

Band 3

Band 1

Class A

Class C

. . .

Band 2

Class B

Bandx Class X

Class A

Class E

Bandy Class Y

gap capability

gap capability

Antenna capability for each band

Antenna capability for some band 

combinations


Figure1 NR UE capability structure

The MIMO capability in baseband capacity indicates the based band processing resources which could be used for MIMO operation. The RF MIMO capability indicates the antenna processing resources which could be used for MIMO operation in each band. There also have some possibility that for some band groups the antenna processing resources are shared based on RF implantation. In such case the antenna processing resources should also be indicated for this band groups. It should be noted that the band groups for RF MIMO capability would much less than the band combinations for carrier combination report. The structure for RF MIMO capability could be defined as the following table:
Table 1: RF MIMO capability

	RF Bands/Groups
	Total antenna processing resources
	Per band antenna processing resources

	Band A
	-
	4

	Band B
	-
	1

	Band C
	-
	2

	…
	…
	…

	Band Group1
	10
	Band X [4]
	Band Y [4]
	Band Z [4]

	…
	…
	…
	…
	…


The same antenna processing resources would support different MIMO capabilities for contiguous carrier aggregation and non-contiguous carrier aggregation scenarios. The network would know the supported RF MIMO capability according to the configured carriers on this band.  

For example, for a particalur band, if in total 2 antenna processing branches are available, the for contiguous carriers aggregation (F1, F2) on this band, the RF processing of F1/F2 could share the antenna processing resources, and thus the UE could support 2 layer MIMO processing on each carrier as shown below:

[image: image2.emf]RF processing

F1 F2

Contiguous carrier aggregation

Carrier 

separation

F1/A1

F2/A1

RF processing

Carrier 

separation

F1/A2

F2/A2

Antenna 1

Antenna 2

2 layers MIMO

2 layers MIMO

F1 F2

F1 F2


Figure 2 RF processing for contiguous carrier aggregation

However, if F1/F2 are not contiguous carrier, The RF processing of F1/F2 could not share the antenna processing resources, and thus the UE could support 1 layer processing on each carrier as shown below, and in that case either F1 or F2 would not support MIMO operation:
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Figure 3 RF processing for contiguous carrier aggregation

Option 2: define RF MIMO capability restriction in the carrier combination 
In this option, the capability structure for NR would include two parts: base band capability, CA band combination as shown below, where the UE indicates the RF MIMO restriction for particular band combination if any:
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Figure1 NR UE capability structure

For the band combination where MIMO capability would not reach the capability indicated by baseband capability due to RF antenna branches processing capability, the UE would indicate the RF MIMO restriction. This RF MIMO restriction would override the MIMO capability provided in based band capability as the UE MIMO capability in this particular band combination. 
If no RF MIMO restriction is indicated for a band combination, the network would understand that the UE could reach the MIMO capability defined in baseband capability table for this band combination.
Proposal 2:RAN2 is asked to discuss and decide how to reflect the RF MIMO restriction from the two options:
Option1: define separate RF MIMO capacity in term of antenna processing resources.

Option2: define RF MIMO restriction in the carrier combination.  
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:RAN2 is asked to discuss and decide how to reflect the RF MIMO restriction from the two options:

Option1: define separate RF MIMO capacity in term of antenna processing resources.

Option2: define RF MIMO restriction in the carrier combination.  
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