[bookmark: _Ref452454252]3GPP TSG-RAN WG2 #99	R2-1709247
Berlin, Germany, 21 - 25 August 2017


Agenda item:	10.2.6.3
Source:	Nokia, Nokia Shanghai Bell
Title:	Index based capability coordination for MR-DC
WID/SID:	NR_newRAT-Core - Release 15
Document for:	Discussion and Decision
1	Introduction
During the 3GPP RAN2 NR Ad Hoc meeting in Qingdao, the following was noted based on the email discussion summary report in [1]:
Agreements:
1:	In case of NE-DC, for each NR BC in the UE capabilities at least the possible LTE frequency bands that can operate with this NR BC should be visible to the NR MN.
2:	For MR-DC, capability signalling and coordination will support shared baseband capabilities between LTE and NR. The exact capabilities for coordination should FFS and dependent on RAN1/4 discussion.
3:	RAN2 continues to work on capability coordination not requiring MN and SN comprehend each other’s UE configuration (e.g. the index based coordination).
4:	For the index-based coordination, the following open issues need to be resolved:
-	How can the LTE/NR MN learn the possible NR/LTE frequency bands that can operate with LTE/NR BC? (e.g. For each index there is a frequency list of the NR/LTE frequency bands that can be understood by the MN, frequency part is visible to both MN and SN)
-	How to address baseband capability dependency between LTE and NR (Proposal 4)? (Depends on outcome of RAN1/4 discussion)
-	How can the MN/SN decide MCG/SCG configuration if LTE-NR band combination is defined within the same frequency band?
-	If the above issues cannot be resolved then the fallback will be to use the LTE baseline.

In this contribution, details of the indexing approach with sample ASN.1 are presented. We limit our discussion to coordination of band combination across LTE and NR and provide our solution to solve the open issues listed above.
2	Background
In our previous contribution [2], we listed the relative merits and demerits (in section 3) on a separate container for LTE/NR DC capabilities v/s a tagged/index based approach to link the LTE and NR capabilities relevant for dual connectivity operation. For brevity, we present Figure 1 rather than repeating the entire discussion.
[image: ]
Figure 1: Capturing dependencies for LTE and NR band combinations using an indexing approach
The specification impacts of considering an indexing based approach are discussed in the next section. 
3	Specification impacts
3.1	Solution overview for index based capability coordination for LTE and NR band combinations


Figure 2: Coordinating band parameter information across LTE and NR (LTE node view)


Figure 3: Single LTE Band Parameter list element containing MR-DC band parameter descriptor
In Figure 2 and in Figure 3 the details of the technical solution are illustrated as viewed from the LTE as master node. To the left of the picture, the LTE band combination entries (each of those are LTE Band Parameter IEs) will need an extension with a MR-DC Band Parameter Descriptor (this descriptor is absent when MR-DC is not supported for a given LTE Band Parameter IE). This descriptor contains a LTE Band Combination Index (providing an arbitrary numbering to the LTE Band Parameter IE, thus serving as an index). In addition, this descriptor also contains a list of the allowed NR Band Combination Descriptor which are valid for MR-DC operation with this LTE Band Combination Index. Furthermore, each of the NR Band Combination Descriptor entries contain 2 pieces of information; the NR Band Combination Information and the NR Band Combination Performance Descriptor. The NR Band Combination Information further contains a NR Band Combination Index (matching the NR Band Combination entries (sent by the UE in the NR capabilities), by providing an arbitrary numbering to the NR Band Combination) and the NR Frequency Band Combination Information with an additional entry to indicate if the MR-DC operation is intra-band or not. Lastly, the NR Band Performance Descriptor points to the NR Performance Indication Information (e.g. a feature group index indicating a peak throughput capability in UL/DL or cost information for baseband capabilities linked to this band combination essentially abstracting the following band combination specific parameters – please note this list is based on LTE). 
· Number of MIMO layers
· Number of CSI-RS processes
· Support of NAICS
A description of different approaches of indicating baseband capability and performance i.e. of NR Performance Indication Information has been discussed by other companies in [2] (feature grouping of baseband capabilities into a sub UE-category essentially indicating RAT performance), [3] (decouple baseband capabilities from the band combination), [4] (abstracting baseband performance or baseband feature performance using a cost function approach), which in our understand are canonical methods of capturing the baseband capabilities and performance.
With the solution presented in Figure 2, neither node needs to interpret the details behind the band combinations of the RAT hosted by the other node and each node can know beforehand what is the expected target node performance upon selecting a source configuration.
Based on the solution description above, we can now discuss the open questions raised during the previous meeting.
Open issue 1 - How can the LTE/NR MN learn the possible NR/LTE frequency bands that can operate with LTE/NR BC? (e.g. For each index there is a frequency list of the NR/LTE frequency bands that can be understood by the MN, frequency part is visible to both MN and SN).
Clarification for open issue 1: Based on Figure 2, the LTE node would interpret its own UE capability and immediately know that EN-DC is possible with the current LTE band. Upon reading the MR-DC Band Parameter Descriptor IE, the LTE node would further understand which NR frequency bands are allowed. In addition, the MN node does not need to know the detailed baseband capabilities corresponding to the SN node thanks to the “Band Performance Descriptor” information that is accessible to the MN to know in advance which of the MR-DC band combinations are feasible and provide a required level of performance.
Open issue 2 - How to address baseband capability dependency between LTE and NR (Proposal 4)? (Depends on outcome of RAN1/4 discussion)
Clarification for open issue 2:  Based on the discussions during the study item phase of NR, we are given to understand that the baseband capability dependency would entail semi-static sharing of UE baseband resources from the network perspective. The details of the sharing (i.e. capability sharing and signalling aspects) can be discussed once RAN1 and RAN4 have reached a consensus. In general, we also support the direction of decoupling baseband capabilities from band combination signalling to allow a more uniform approach to indicate baseband performance (e.g. by way of indexes or a measure of spectral efficiency) thus abstracting the baseband performance into a more abstract measure which is “Hz independent”.
Open issue 3 - How can the MN/SN decide MCG/SCG configuration if LTE-NR band combination is defined within the same frequency band?
Clarification for open issue 3:  Intra band EN-DC, probably, implies a more tighter capability coordination need between LTE and NR since either RAT may choose to select and operate on the same (or adjacent) carrier as the other RAT. Additionally, the RF and PA will also be more closely shared. Capturing the interdependencies may be practised by indicating restrictions in the form of MR-DC Intra-Band Sharing Information IE which provides a mechanism for either RAT to clearly understand the underlying dependencies (e.g. the set of carriers) and the MN choice can be reflected to the SN on the Xx interface. Obviously, if there are no dependencies to be captured, this IE may be omitted. 
Proposal 1: LTE and NR allowed band combinations for MR-DC are mutually linked to each other using allowed band combination indexes.
Proposal 2: Band combinations for MR-DC operation are coordinated as follows: A node selects an index by interpreting its own capability and informs the other node of this index. The other node is then able to find out which are the allowed combinations with this index by interpreting its own capability.
Proposal 3a: Include performance indication information of the target RAT band combination as part of the UE capability for MR-DC.
Proposal 3b: For MR-DC, agree that the performance indication information contains at least an indication of maximum/peak/expected throughput linked to a capability (e.g., band combination).
On the aspect of the information that is needed by the participating nodes to arrive at the optimal configurations in a shortest possible amount of time, during the previous meetings, we have described in detail how the capability coordination works for the band combinations (see section 7 in [6]). It is rather unnecessary to repeat the details here and hence we will only capture the following proposal.
Proposal 4: For MR-DC, agree to the following principle of capability coordination for band combination; an originating node initiates capability coordination by selects an (self) index by interpreting its own capability and informing a terminating node of a list of possible band combinations, based on which the terminating node will then provide its configuration back to the originating node.
3.2	ASN.1 changes for the indexing approach

BandCombinationParameters-r15 ::=	SEQUENCE {
	differentFallbackSupported-r15	ENUMERATED {true}				OPTIONAL,
	bandParameterList-r15			SEQUENCE (SIZE (1..maxSimultaneousBands-r13)) OF BandParameters-r15,
	mr-DCBandParameterDescriptor-r15		MR-DCBandCombinationParameterDescriptor-r15	OPTIONAL,
	supportedBandwidthCombinationSet-r15	SupportedBandwidthCombinationSet-r13	OPTIONAL,
	multipleTimingAdvance-r15		ENUMERATED {supported}				OPTIONAL,
	simultaneousRx-Tx-r15			ENUMERATED {supported}				OPTIONAL,
	bandInfoEUTRA-r15				BandInfoEUTRA,
	dc-Support-r15					SEQUENCE {
		asynchronous-r15			ENUMERATED {supported}				OPTIONAL,
		supportedCellGrouping-r15		CHOICE {
				threeEntries-r15				BIT STRING (SIZE(3)),
				fourEntries-r15					BIT STRING (SIZE(7)),
				fiveEntries-r15					BIT STRING (SIZE(15))
		}																OPTIONAL
	}																	OPTIONAL,
	supportedNAICS-2CRS-AP-r15		BIT STRING (SIZE (1..maxNAICS-Entries-r12))	OPTIONAL,
	commSupportedBandsPerBC-r15		BIT STRING (SIZE (1.. maxBands))		OPTIONAL
}

MR-DCBandCombinationParameterDescriptor-r15 ::= SEQUENCE {
	lteBandCombinationIndex-r15				INTEGER(1..maxLTEBandCombinationIndex),
	nrBandCombinationDescriptorList-r15		SEQUENCE (SIZE (1..maxSimultaneousBandsMRDC-r15)) OF NRBandCombinationDescriptor-r15
}

NRBandCombinationDescriptor-r15 ::= SEQUENCE {
	nrBandCombinationInformation-r15			NRBandCombinationInformation-r15,
	nrBandCombinationPerformanceDescriptor-r15	NRBandCombinationPerformanceDescriptor-r15
}

NRBandCombinationInformation-r15 ::= SEQUENCE {
	nrBandCombinationIndex-r15	INTEGER(1..maxNRBandCombinationIndex),
	bandNR	FreqBandIndicatorNR-r15,
	intraBandSharingInformation-r15		MR-DCIntraBandSharingInformation-r15,
	nrBandPerformanceDescriptor-r15		CHOICE {
		peakNRThroughputUL		ENUMERATED {UL_RATE_1, UL_RATE_2, UL_RATE_3, ...},
		peakNRThroughputDL		ENUMERATED {DL_RATE_1, DL_RATE_2, DL_RATE_3, ...},
		nrCategory					NRCategory,
		basebandCostInformation		NRBasebandCostInformation
	}
}
Table 1: Example ASN.1 changes for the indexing approach
Table 1 indicates the ASN.1 changes needed on the LTE side for the indexing approach (kindly note that the IE names used are purely for illustration purposes and hence the ASN.1 will not compile.
4	Conclusion
In this contribution, we have discussed several key aspects for coordinating the band combinations in MR-DC using the indexing approach. Not only have we been able to describe the proposed solution in detail, automatically answering the open questions listed in the previous meeting, but have also been able to show the specification impacts using a sample ASN.1 code. Based on the description in this contribution, we can conclude that the index based coordination solution indeed operates in a future proof manner and can serve as the reference model for capability coordination under wide variety of operating scenarios. Based on the discussion above, we propose:
Proposal 1: LTE and NR allowed band combinations for MR-DC are mutually linked to each other using allowed band combination indexes.
Proposal 2: Band combinations for MR-DC operation are coordinated as follows: A node selects an index by interpreting its own capability and informs the other node of this index. The other node is then able to find out which are the allowed combinations with this index by interpreting its own capability.
Proposal 3a: Include performance indication information of the target RAT band combination as part of the UE capability for MR-DC.
Proposal 3b: For MR-DC, agree that the performance indication information contains at least an indication of maximum/peak/expected throughput linked to a capability (e.g., band combination).
Proposal 4: For MR-DC, agree to the following principle of capability coordination for band combination; an originating node initiates capability coordination by selects an (self) index by interpreting its own capability and informing a terminating node of a list of possible band combinations, based on which the terminating node will then provide its configuration back to the originating node.
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