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1. Introduction
This paper reports the summary of the following email discussion:
[99#27][NR] Capability coordination, Part 3 (Nokia)
Part 3: MR-DC capability coordination aspects

Phase 1: How to coordinate MR-DC band combination

Phase 2: Coordination of MR-DC baseband capability and joint MR-DC band combination and baseband capability

Intended outcome: Email discussion report

Deadline: Thursday 2017-09-21
In accordance with the above scope, the goal of this email discussion is to work on;
1)
Discuss how MN and SN will utilize the MR-DC band combination structure during MR-DC operation
2)
Further discuss how MN and SN utilize the band combination and baseband processing capabilities during MR-DC operation
As the outcome, draft proposals, any pending open issues and draft text proposals will be provided for the next meeting.
2. Discussion
2.1. Phase 1: How to coordinate MR-DC band combination
During the RAN2#99 meeting the following agreement was made about having a common MR-DC band combination parameter structure.
Agreements

1: 
Agree to have common MR-DC band combination parameter structure listing supported LTE and NR band combinations for MR-DC.

2
RAN2 aims that the solution allows the sharing or not of baseband capabilities 
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Figure 2.1-1: Working assumption of MR-DC band combination table entries (details of signalling discussed in [99#25][NR] Capability coordination)
In Figure 2.1-1, a common MR-DC band combination structure is shown made with the following assumptions:
· The MR-DC band combination table is visible to both MN and SN

· Each MR-DC band combination entry contains one LTE and one NR part

· The LTE and NR part are further described by the respective LTE and NR band indicator information and the DL and UL CA bandwidth class.

· There are N such entries in the table

Working principle for Band combination capability coordination

Band combination capability coordination works as follows (for example in EN-DC and per UE):
· MeNB (based on its supported band combinations) can find out all the possible supported SgNB band combinations (and CA combinations)
· MeNB can use the information to configure inter-RAT measurements
· UE measurements indicate candidate SCells

· MeNB indicates at least one choice to the SgNB as part of the SgNB Addition Request message
Companies are invited to provide their comments on the proposed working principle (you are welcome to provide descriptive comments)
	Company name
	Comment to proposed working principle for band combination capability coordination

	Qualcomm Incorporated
	For the bullet 4, it can be the information about the current band combination used in MN. Then it is clear for SN based on the MR-DC band combination capability what are the choices for SN. Measurement results relevant for SN can also be provided to SN. It should be left to SN to decide which NR band combination to configure, among those allowed combinations.

	NTT DOCOMO
	We understand that the proposed working principle describes how the NW decides an MR-DC band combination to be configured for a UE. In general, there are the following two options:
Option 1: MN decides an MR-DC band combination (But choice of PSCell is still up to SN).

Option 2: MN decides the LTE part of band combination and SN decides the NR part.
These two options are distinct especially if there are multiple NR band combination parts supported for the same LTE band combination part. We understand that Qualcomm supports Option2 which DOCOMO also supports.

	Ericsson
	We agree with the outline provided by the rapporteur. 
There could indeed be several rows in the table (Figure 2.1-1) with the same “LTE band combination part” but with different “MR band combination part”. QC seems to suggest that the MeNB would provide its current “LTE band combination part” or maybe the actual configuration (number and bandwidth of LTE carriers) to the SgNB. But our understanding was that the LTE MeNB would provide a list of all MR-BCs (list of IDs, bitmap) which the SgNB may choose from. Whether that list contains all rows supported by the UE or only a subset should be up to NW  implementation.   

	Intel
	We think that it is reasonable that MN decides the LTE part of BC and provide SN with the set of NR BCs that are supportable with the selected LTE part of BC. 



	Qualcomm Incorporated-2
	After looking at Ericsson’s clarification (i.e. it is up to the network NW implementation how many candidate combos to provide to SN), we are fine with the approach suggested by the rapporteur.

	LG
	We are generally fine with the rapporteur’s working principle but we think the wording of the 4th bullet needs to be updated if the meaning is correct with the comments of Intel and Ericsson.
My suggestion is below:

MeNB indicates at least one supportable NR BC to the SgNB as part of the SgNB Addition Request message

	MediaTek
	We agree with the working principles and also the clarification from Ericsson.

	CATT
	Same understanding as Ericsson, MN can provide the candidate MR-DC bands for the SN in SN addition request and SN can decide SN configuration based on the candidates.

	Huawei, HiSilicon
	It should be left to network implementation on whether all possible MR DC band combination, or just subset of them to be provided to SN. 

	ZTE
	We agree with the general working principle from the band combination coordination point of view. 

	Nokia
	Agree that more than one choice of supportable BC is possible and must be allowed for SN. Would prefer that X2 signalling does not repeat band combination information but rather point to a reference into the MR-DC band combination container to the other node.


2.2. Phase 2: Coordination of MR-DC baseband capability and joint MR-DC band combination and baseband capability
During RAN2#99 meeting, RAN2 discussed the UE capabilities and UE categories for NR, NR-NR DC and MR-DC. Compared to the current LTE baseline, RAN2 agreed to extract the baseband capabilities from the supportedBandCombination structure and convey the supported baseband capabilities separately i.e. by a table indicating supported combinations of baseband utilising functionality. Thereby RAN2 intends to avoid signalling fallback BCs and duplicate BCs to indicate different combinations of baseband capabilities, which reduces the size of the signalled BC structure. RAN2 assumes that the supported band combinations together with the baseband capabilities (modulation scheme, MIMO layers, …) comprise all information necessary to calculate the maximum data rate achievable on each serving cell, in each cell group (e.g. LTE MCG, NR SCG) and per UE (see Figure 2.2-1). An explicit UE category would be necessary only if UEs should be enabled to indicate a data rate that is lower than the data rate achievable calculated based on the aforementioned parameters and such a restriction was however seen unnecessary for MR-DC capable UEs.
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Figure 2.2-1: Arriving at the peak data rate using a given combination of band combination and baseband processing capability (details of signalling discussed in [99#26][NR] Capability coordination)
Using Figure 2.2-1, as a reference, the MR-DC may reuse the same framework. This is illustrated in the following Figure. Please note that the picture makes an assumption that LTE and NR baseband processing capabilities are organized in separate tables and there is some linking to represent the sharing for MR-DC operation. I have assumed some linking each baseband processing entry in LTE to one or more entries on the NR table and vice-versa. The simplest approach could be just to have one index (but this means that there are more entries in both the tables to reflect small granularity of sharing).
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 Figure 2.2-2: Extending the approach in Figure 2.2-1 to MR-DC

Proposed working principle for coordination using the joint MR-DC band combination and baseband processing capability 
· MeNB can compute peak LTE data rate based on the combination of the LTE band combination and LTE baseband capability
· MeNB can refer to a NR peak data rate indicator signaled within the NR part of the MR-DC band combination to know in advance what may be expected by selecting a given band combination (or combinations)
· If we assume, contingent on [99#26][NR] Capability coordination) discussion, that each band combination entry can at most refer to one baseband processing capability combination, then signalling to the SgNB only the index of the MR-DC band combination is sufficient
Companies are invited to provide their comments on the working principle (you are welcome to provide descriptive comments)
	Company name
	Comment to proposed working principle for coordination using the joint MR-DC band combination and baseband processing capability

	Qualcomm Incorporated
	The third bullet is not entirely clear to us. We think it is possible for a single MR-DC band combination, the UE supports multiple combinations of LTE and NR baseband capability. This is because baseband capability is shared within the UE for LTE and NR.

Let’s consider a simplistic example: MR-DC with 1 carrier in LTE and 1 carrier in NR. UE capability can be such that it can do 4 layer MIMO in LTE and 2 layer MIMO in NR, or 2 layer MIMO in LTE and 4 layer MIMO in NR. So for the single MR-DC band combination, the UE should signal two baseband capabilities for LTE and two baseband capabilities for NR in this example, In addition, the allowed combination of those capabilities between LTE and NR should be signalled to the network.

	NTT DOCOMO
	Agree on Qualcomm’s comment. Besides that, we need to identify how Baseband Processing Capability (BPC) is defined for MR-DC. There are the following two options:
Option 1: BPC is defined per RAT. For a given MR-DC band combination, supported LTE BPC and NR BPC are indicated, respectively. Multiple combinations of LTE/NR BPCs can be supported for one MR-DC band combination as Qualcomm commented.

Option 2: An MR-DC specific BPC is defined across LTE and NR. Baseband processing for each CC could be defined agnostic to RAT or specific to RAT.
The choice of these options should be discussed and decided during this email discussion since it affects the ASN.1 structure for LTE/NR. DCM slightly prefers Option 2 as the concept of BPC does not have to be implemented in LTE UE capability. For Option 2, we assume that the MR-DC specific BPC is defined in a separate container specific to MR-DC as discussed in [99#25]. However, DCM also acknowledges that Option 1 can also work, although the concept of BPC needs to be implemented in LTE UE capability. We’d like to respect for the majority view.

	Ericsson
	2nd bullet: We don’t see a need to signal a “peak data rate indicator” in the NR part of each MR-DC band combination. As RAN2 agreed last time, the peak data rate does not only depend on the band combination parameters but in particular also on the baseband capabilities. Hence, a single value per BC would not even be sufficient but add undesirable overhead. 

3rd bullet: We agree with QC that the baseband processing table may offer different ways how to “utilize” a single band combination. In QC’s example the baseband processing table would have two rows: The first row offers 2-layer MIMO for one LTE carrier and 4-Layer MIMO for one NR carrier. The second row offers 4-layer MIMO for one LTE carrier and 2-Layer MIMO for one NR carrier. When the MeNB selects a BC with one LTE carrier and one NR carrier, it knows that the above-mentioned two rows in the baseband processing table are “available” since they indicate support for two carriers. If the MeNB chooses the first one (2-Layer MIMO in LTE), it indicates that to the SgNB. The SgNB knows from the “NR half” of the table that it may use 4-Layer MIMO. Whether or not the MeNB and/or the SgNB peek into the MIMO-Capability field of the other RAT is up to NW implementation. 

	Intel
	We also have the same understanding that there can be multiple PBCs for a BC. 

Regarding DCM’s comment, so far, we have not identified baseband processing capability that can be defined commonly across LTE and NR. We could discuss Option 2 if RAN1/RAN4 defines such capability. 



	LG
	3rd bullet: We also agree with QC.

	MediaTek
	Agree to companies that UE can include multiple baseband capability entries for a BC.

We share the DCM’s view on the two options and prefer Option 2.

	CATT
	We have same understanding as other companies that one or multiple BPCs linked to one BC. 

And for the bullet 2, about “peak data rate indicator”, we have same view as Ericsson, according to RAN assumption, network can derive that based on the relevant UE capability parameters. 

We share the views of Intel on option2 proposed by NTT DoCoMo that need to be discussed only if there are capabilities which can be defined commonly across LTE and NR.

	Huawei, HiSilicon
	Regarding baseband capability design for MR DC, it depends on whether baseband capability is shared or not. If baseband capability is shared between LTE and NR, baseband capability across RATs is better, and both MN and SN should know what baseband capability could be used by theirselves. Additional restriction is needed inside bandcombination. If baseband capability is not shared, independent baseband capability design is better, but additional index would be needed to support shared scenario. 

 If one bandcombination can only link to one baseband capability combination, there would be additional signalling overhead. We should avoid this. 

	ZTE
	For second bullet point we agree with Ericsson that the peak data rate indicator in the NR part of each MR-DC band combination is not needed. 

For third bullet point we agree with QC that for a single MR-DC band combination, the UE may support multiple combinations of LTE and NR baseband capability. 

	Nokia
	Agree that a MR-DC band combination could correspond to one or more BPCs. We prefer to define BPC per RAT because it is in line with our previous agreements that the BPC can be defined with more freedom when it is RAT specific. We think the “peak data rate indication” is useful for MN to know beforehand what a SN combination might offer. This is useful to prevent negotiation back and forth between MN and SN. It may be the simple case that the MN provides a guide which SN may meet or not.


3. Summary and proposal
Rapporteur’s summary (Phase 1):

Based on the companies’ response, the following signalling choices are available to us: 

Choice 1: MN decides on at most one MR-DC band combination (i.e. as an example the MN also decides SN part e.g. based on measurement results but leaves choice of PSCell up to SN).

Choice 2: MN decides the LTE part of BC and provide SN with the set of candidate NR BCs that are supportable with the selected LTE part of BC

Choice 3:  MN decides the LTE part of BC and provide SN indicating its choice of LTE part and SN continues further to decide the set of candidate NR BCs that are supportable with this LTE part of BC.

Choice 1 seems to be too restrictive (MN does not have all the information to make the final decision which is the main reason to have coordination). Most companies seem to prefer a Choice 2/3 (difference between these choices is marginal because the work anyway involves interpretation of common MR-DC band combination container based on working assumption made in [99#25]). Also, clearly more than 1 choice should be available at SN to allow SN to decide upon which band combination it may choose (using measurement results as a starting point seems a logical principle). During band combination reconfiguration scenario, the same mechanism may be used by the originating node (MN or SN). Also agree that the choice indicated to the terminating node is a reference to the MR-DC band combination container structure as defined in [99#25]. 

Conclusion: Choice 3 is in line with earlier agreement that allows each node to only interpret their own capabilities.

Rapporteur’s summary (Phase 2):

Based on the companies’ response, it clearly seems that there will be multiple BPC’s corresponding per MR-DC band combination. Let’s call the set of BPC’s corresponding to a MR-DC band combination as the BPCS (BPC Set). The following choices are available to described the BPC.

Option 1: BPC defined per RAT (LTE BPC and NR BPC). MR-DC BPC is combination of LTE BPC, NR BPC

Option 2: BPC defined across RAT (MR-DC BPC is designed to be RAT agnostic or as CC per RAT) 

Most companies think that Option 2 needs to be discussed only if such BP capability can be commonly described for both LTE and NR (i.e. when the need arises).

The choices for the working principle including the BPC are as follows:

Choice 1: MN decides on at most one BPC (i.e. MN also decides SN part e.g. based on “peak data rate indication” or direct comprehension of SN BPC). SN provides configuration corresponding to this.

Choice 2: MN decides the LTE part of BC and BPC and provide SN indicating its choice of LTE part and SN continues further to decide the set of supportable NR BCs and NR BPC. The SN could be assisted with an “expected throughput” or “peak data rate indication” indication. Further, there are 3 companies do not think the “peak data rate indication” needs to be provided.
Conclusion: Choice 2 provides the SN the flexibility to make its choice of the target SN BC and BPC and arrive at the “SCG RRC Configuration” in line with previous agreement that each node must only be required to comprehend its own capability and does not have to refer to the capability of the other RAT.

Proposal 1: Agree to the following principle for band combination coordination: the MN decides the LTE part of BC and provides the SN indicating its choice of LTE part. The SN continues further to decide the set of candidate NR BCs that are supportable with this LTE part of BC.
Proposal 2: Agree to the following principle for band combination and baseband capability coordination: MN decides the LTE part of BC and BPC and provide SN indicating its choice of LTE part and SN continues further to decide the set of supportable NR BCs and NR BPC. It is also recommended that the SN could be assisted with an “expected throughput” or “peak data rate indication” indication to enable the principle that that each node must only be required to comprehend its own RAT capability and does not have to refer to the capability of the other RAT.
4. References
[1] R2-17xxxxx : report of [99#25][NR] Capability coordination, Part 1 (Intel)
[2] R2-17xxxxx : report of [99#26][NR] Capability coordination, Part 2 (Docomo)
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