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Discussion and Decision
1      Introduction
In the RAN4 LS [1], RAN4 responded that similar flexibility as in LTE will be required for the NR capabilities dependent on band combination.  
Q4: RAN2 assumes that the network will need to be aware, via capability signalling, of the set of the LTE and NR band combinations which are supported by the UE. However, RAN2 would like to understand what capabilities might be depending on the LTE/NR band combinations. In particular, RAN2 would like to understand if it is essential to support as high degree of flexibility as is currently possible with LTE, where UE can indicate support for a feature (e.g. MIMO layers, CSI processes) per band of a band combination? E.g. the antenna configuration (e.g. MIMO layers) used on MCG cells may not depend on the antenna configuration used on SCG cells, if they operate on widely separated frequency bands?  

A4: RAN4 has identified that some NR UE capabilities may depend on the LTE/NR band combinations, such as MIMO layers, however it is FFS to identify all parameters. RAN4 expect similar flexibility as in LTE will be required for the NR capabilities dependent on band combinations.
In addition, from UE implementation perspective, it is reasonable assumption that LTE-NR DC band combinations and/or NR CA/DC band combinations would be needed to indicate RF capability as well as some baseband capabilities dependent on the CA/DC configuration.

Assuming there will be LTE-NR DC band combinations and/or NR CA/DC band combinations, we should consider how to reduce signaling overhead that has been discussed extensively for LTE CA band combinations. 
2      Band combination signaling reduction schemes
Considering the solutions that are specified or have been proposed in the past for LTE CA band combination signaling, we summarize the following approaches to reduce band combination signaling. 
2.1     Approach 1: sending partial UE capability information based on NW request

Originally, one of problems in LTE BC signaling was that the UE reports all supported BCs explicitly.  
In LTE, based on eNB request, the UE can reduce the set of BCs that needs to be report. The following parameters are informed by the eNB to reduce the number of reported band combination signaling. 
· Frequency bands (Rel-11)
· Max number of UL/DL CCs (Rel-13)
· Super-set of BCs (Rel-14)
In terms of signaling reduction gain, super-set of BCs > frequency bands>max number of UL/DL CCs is expected. Therefore, in the sense that we reduce the number of options, super-set of BCs option is most preferred.     

Proposal 1: RAN2 agree to introduce gNB requested band combination signaling. 

Proposal 2: RAN2 agree that gNB can provide super-set BCs for gNB requested band combination signaling. 

2.2     Approach 2: avoid redundant BC signaling
In the LTE, the following schemes are used to omit redundant BC signaling
· reducedIntNonContComb (Rel-13)

· skipFallbackCombinations (Rel-14)

· diffFallbackCombReport (Rel-14)

· Decoupling DL and UL band combination (proposed but not agreed)
To our understanding, skipFallbackCombination and diffFallbackCombination can be used jointly i.e. the UE is allowed to include fallback BCs only if the UE capabilities are different.  

Proposal 3: RAN2 agree that the UE shall skip subset of band combinations if corresponding UE capabilities are the same.  

Regarding reducedIntNonContComb, it is used to indicate only one BC among multiple BCs indicating almost same BCs. For example, the UE indicates "DL: CA_42C-42A, UL: 42A paired with DL 42C" only, in order to indicate also support of "DL: CA_42C-42A, UL: 42A paired with DL 42A", "DL: CA_42A-42C, UL: 42A paired with DL 42A" and "DL: CA_42A-42C, UL: 42A paired with DL 42C". 
However, it still doesn’t remove the case where the same DL BCs need to be reported for each different UL BC e.g. 5 times of 5 CA BCs should be reported to indicate 1 UL band support for each 5 bands in case of 5 DL CA and 1 UL CC case. Instead, decoupling DL and UL BC is more general solution to avoid duplicated BC reporting. And so far, there is no UE capability related to both DL and UL CA configuration. Therefore, no issue is foreseen. 
Proposal 4: RAN2 agree to decouple DL and UL band combination signalling.   

2.3     Approach 3: pull out baseband capabilities 
In LTE, one root cause is that the same BCs need to be duplicated in order to indicate different UE capabilities (TM-10, FD-MIMO signaling). In order to resolve this issue, some proposals has been proposed and RAN1 sent the LS confirming that some TM-10/FD-MIMO capability parameters are considered as baseband capabilities and affected by number of CCs, bandwidth and number of MIMO layers [2]. Based on these characteristic, we can consider pulling out these parameters pulling out from band combination.  

There has been two options to define baseband capabilities. 

· Option 1: 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 details are described in Annex. The gNB can know the supported baseband capability combinations associated to the corresponding CA/bandwidth/MIMO.  
· Option 2: baseband capabilities are expressed as cost function [4]. The UE indicates overall processing capabilities and individual processing cost. It is understood that the UE should support any combination of features if the sum of processing cost of some features are lower than the overall processing capability of the UE.    
Option 2 may not be straight-forward to define the cost-function of each feature given that it is related to UE implementation. In addition, although the sum of processing costs is still under overall processing capabilities, the UE may or may not support certain combinations of capabilities.
Proposal 5: RAN2 agree to introduce the set of baseband capability combinations separated from band combinations.    

3      Conclusion
In this contribution, we investigated possible approaches to reduce signaling overhead that has been discussed extensively for LTE CA band combinations. Based on discussion, we propose the following points. 
Proposal 1: RAN2 agree to introduce gNB requested band combination signaling. 



 REF pro2 \h 

Proposal 2: RAN2 agree that gNB can provide super-set BCs for gNB requested band combination signaling. 



 REF pro3 \h 

Proposal 3: RAN2 agree that the UE shall skip subset of band combinations if corresponding UE capabilities are the same.  



 REF pro4 \h 

Proposal 4: RAN2 agree to decouple DL and UL band combination signalling.   



 REF pro5 \h 

Proposal 5: RAN2 agree to introduce the set of baseband capability combinations separated from band combinations.    
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Annex

In this section, we explain the baseband capability combination set solution by using the parameters indicated by RAN1 as baseband capabilities in LTE [2]. Basically, we propose a set of baseband capability combination as shown by way of example in Table 1. 

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

	1
	1
	2 layer at CC1


	10MHz at CC1
	[supportedCSI-Proc-r11, nonPrecoded-r13, beamformed-r13,dmrs-Enhancements-r13, csi-ReportingNP-r14, csi-ReportingAdvanced-r14] at CC1

	2
	2
	4 layer at CC1

4 layer at CC2
	10MHz at CC1

10MHz at CC2
	[supportedCSI-Proc-r11, nonPrecoded-r13, beamformed-r13,dmrs-Enhancements-r13, csi-ReportingNP-r14, csi-ReportingAdvanced-r14] at CC1

[supportedCSI-Proc-r11, nonPrecoded-r13, beamformed-r13,dmrs-Enhancements-r13, csi-ReportingNP-r14, csi-ReportingAdvanced-r14] at CC2

	3
	2
	2 layer at CC1

2 layer at CC2
	20MHz at CC1

20MHz at CC2
	[supportedCSI-Proc-r11, nonPrecoded-r13, beamformed-r13,dmrs-Enhancements-r13, csi-ReportingNP-r14, csi-ReportingAdvanced-r14] at CC1

[supportedCSI-Proc-r11, nonPrecoded-r13, beamformed-r13,dmrs-Enhancements-r13, csi-ReportingNP-r14, csi-ReportingAdvanced-r14] at CC2

	….
	
	
	
	

	N
	5
	4 layer at CC1

4 layer at CC2

2 layer at CC3

2 layer at CC4

2 layer at CC5


	10MHz at CC1

10MHz at CC2

10MHz at CC3

10MHz at CC4

10MHz at CC5
	[supportedCSI-Proc-r11, nonPrecoded-r13, beamformed-r13,dmrs-Enhancements-r13, csi-ReportingNP-r14, csi-ReportingAdvanced-r14] at CC1

[supportedCSI-Proc-r11, nonPrecoded-r13, beamformed-r13,dmrs-Enhancements-r13, csi-ReportingNP-r14, csi-ReportingAdvanced-r14] at CC2

[supportedCSI-Proc-r11, nonPrecoded-r13, beamformed-r13,dmrs-Enhancements-r13, csi-ReportingNP-r14, csi-ReportingAdvanced-r14] at CC3

[supportedCSI-Proc-r11, nonPrecoded-r13, beamformed-r13,dmrs-Enhancements-r13, csi-ReportingNP-r14, csi-ReportingAdvanced-r14] at CC4

[supportedCSI-Proc-r11, nonPrecoded-r13, beamformed-r13,dmrs-Enhancements-r13, csi-ReportingNP-r14, csi-ReportingAdvanced-r14] at CC5


Table 1: example of baseband capability combination

The CA order (the number of CCs), the number of MIMO layers per carrier and the bandwidth per carrier can be viewed as the common input parameters for which a different set of baseband capability combination can be listed. That means that the UE may support different capabilities for the baseband capabilities if the common input parameter of the number of CA carriers, the number of MIMO layers per carrier and the bandwidth per carrier change. The NW can then go through the table and find the entry that matches the CA carrier order and/or the number of MIMO layer and/or carrier bandwidths that the network intends to use, and configure the UE according to the baseband capabilities of that entry.

The network does not have to be concerned about the band information within the carriers if the UE has not provided this information in the RF capabilities section in the band combination. But if the UE has provided additional baseband capabilities information in the RF capabilities section (using the existing 3GPP reporting method), then per the new proposal, these capabilities can override the baseband capability combination defined in per UE capabilities. Nevertheless, TM-10 and FD-MIMO operation is explicitly configured. Therefore, there is no ambiguity between the UE and the eNB. 

The following is an example for ASN.1 signaling. 

MIMO-TM10-UE-Parameters-PHY-r15 ::= SEQUENCE (SIZE (1.. maxMIMO-TM10-Variation-Size)) OF MIMO-TM10-Variation-Parameters-r15 OPTIONAL

MIMO-TM10-Variation-Parameters-r15 ::= SEQUENCE (SIZE (1.. maxSimultaneousComponentCarriers-r13)) OF MIMO-TM10-Variation-CC-Parameters-r15 OPTIONAL

MIMO-TM10-Variation-CC-Parameters-r15 ::= SEQUENCE {


ca-BandwidthClassDL-r15



CA-BandwidthClass-r10,

supportedMIMO-CapabilityDL-r15

MIMO-CapabilityDL-r10  OPTIONAL, 


supportedCSI-Proc-perUE-r15

 
ENUMERATED {n1, n3, n4} OPTIONAL,


mimo-Per-BoBC-PHY-Parameters-r15 
MIMO-CA-ParametersPerBoBC-r13 OPTIONAL 

}

MIMO-CA-ParametersPerBoBCPerTM-r13 ::=
SEQUENCE {


nonPrecoded-r13






MIMO-NonPrecodedCapabilities-r13
OPTIONAL,


beamformed-r13






MIMO-BeamformedCapabilityList-r13
OPTIONAL,


dmrs-Enhancements-r13




ENUMERATED {different}



OPTIONAL

}

MIMO-CA-ParametersPerBoBCPerTM-v14xy ::=
SEQUENCE {


csi-ReportingNP-r14





ENUMERATED {different}



OPTIONAL,


csi-ReportingAdvanced-r14



ENUMERATED {different}



OPTIONAL

}
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