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1 Introduction

In RAN2-Adhoc Jun 2017, the capability design for LTE-NR DC has been agreed as below:
RAN2-adoc：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, we will further analysis the capability design for LTE-NR DC based on the index approach.
2 Discussion 
In index based UE capability coordination, one node shall know the possible inter-RAT band combination which could be combined with band combinations in current RAT by abstract indexes, and the exact meaning of abstract index is defined the capability of the other RAT. One possibility signalling structure to support index based approach is shown as following figure with the example of LTE capability:
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Figure1 ENDC capability report
In this example, each LTE band combination is associated with a bitmap which is defined to indicate the possibility to combine with NR band combination indexes. The size of the bitmap equals to the maximum number of supported band combination in NR. And the value of the each bit in the bitmap indicates whether the associated LTE band combination could be combine the NR band combination index correspond to the bit of the bitmap. With this structure, the MeNB could know the possible NB band combination indexes for ENDC.
Observation 1: a bitmap is required to indicate the possibility of band combinations in MR DC, where:

1) The bitmap is configured per band combination (a) within current RAT.

2) The each bit of the bitmap corresponds with an inter-RAT band combination index (b).
3) The value of the each bit represents whether the combination of (a) and (b) is allowed.
Regarding how can the LTE/NR MN learn the possible NR/LTE frequency bands that can operate with LTE/NR BC? One way is that reuse LTE baseline, i.e. have LTE NR BC;
Another way is that related frequency band/bandcombination of an abstract index for the RAT needs to be known by other RAT, only an index is not enough in the capability report.  An extra inter-RAT band combination index info table is needs to be defined and to be included in the capability report so that the one node could know the frequency bands corresponding to the index. For instance, if LTE is master, this inter RAT band combination index should be defined and reported in LTE. 
Besides the frequency band, it also beneficial for the one node to know the expected maximum bit rate which could be achieved by an inter RAT band combination index. This is useful for the MN to determine the configuration of MR DC and the allowed inter RAT band combination indexes used by the SN.

As an example, in LTE capability report, an NR band combination index info needs to include as below: 
Table1 NR band combination info
	NB Band Combination index
	Frequency band list
	Maximum bit rate

	1
	Band 1, Band 2, Band 3
	100000000

	2
	Band 1, Band 4
	50000000

	…
	…
	…

	Y
	Band x, Band y
	10000000


Observation 2: An inter-RAT band combination index info table including the inter RAT band combination index and the corresponding frequency band list is at least needed in MN capability report.
Observation 2b: the inter-RAT band combination index info table shall also include the expected maximum bit rate for each inter-RAT band combination index.

In the SN addition procedure, the UE capability in SN would be included in the SN Addition procedure. In additional to the UE capability in SN, there has some assistant information which would be useful for MR DC setup:
1) Frequencies info for the serving cell in MN

If LTE-NR band combination is defined within the same frequency band, the SN should know the exact frequencies used by MN to avoid to configure the same frequencies for the serving cells in SN.

2) Occupied shared UE capability in MN

According to RAN4 response LS in [1] and [2], RAN4 responded: “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”. Though it is not clear which specific baseband capabilities are shared and split by MN and SN, it could be expected that the MN shall indicate the occupied shared UE capability to SN to allow the SN decide the configuration according the reaming capabilities.
3) Allowed indexes list for MR DC

The MN would know the possible band combinations in SN according to the configured carrier in MN and UE capabilities for MR DC. The MN could select a subset from the supported band combinations in SN and send the allowed indexes list to MN.
To accommodate such information between MN and SN, an Inter-node RRC information element (for example MR-DC-Config-info) could be defined 
Observation 3: an Inter-node RRC information element (for example MR-DC-Config-info) could be defined including the below info

1) Frequencies info for the serving cell in MN

2) Occupied shared UE capability in MN

3) Allowed indexes list for MR DC
Based on the discussion above, we could see how complex index solution will be, and we are not so sure how large the capability size will be based on index solution. We should evaluate the gain of index solution compared with LTE baseline, once index solution is clear.

Proposal: RAN2 should evaluate the gain of index solution compared with LTE baseline, once index solution is clear.
3 Conclusion
In this contribution, we discussed the possibility for capability design for MR DC, and propose:
Observation 1: a bitmap is required to indicate the possibility of band combinations in MR DC, where:

1) The bitmap is configured per band combination (a) within current RAT.

2) The each bit of the bitmap corresponds with an inter-RAT band combination index (b).
3) The value of the each bit represents whether the combination of (a) and (b) is allowed.
Observation 2: An inter-RAT band combination index info table including the inter RAT band combination index and the corresponding frequency band list is at least needed in MN capability report.

Observation 2b: the inter-RAT band combination index info table shall also include the expected maximum bit rate for each inter-RAT band combination index.
Observation 3: an Inter-node RRC information element (for example MR-DC-Config-info) could be defined including the below info

1) Frequencies info for the serving cell in MN

2) Occupied shared UE capability in MN

3) Allowed indexes list for MR DC
Proposal: RAN2 should evaluate the gain of index solution compared with LTE baseline, once index solution is clear.
4 Reference

[1] R2-1700699: Response LS on UE capability aspects for LTE/NR tight interworking, RAN1

[2] R2-1702478: Response LS on UE capability aspects for LTE/NR tight interworking, RAN4

3GPP


_1562416364.vsd
LTE_BandCombination_1


LTE_BandCombination_2


1


NR_BandCombination_Index_(1...Y)


0


0


0


1


LTE_BandCombination_X


LTE band combination


1


1


1


1


LTE_BandCombination_3


1


1


1


1


1


0


0


1


1


1


1


1


0


0


1


1


1


1


1


...


...


1


2


3


4


5


...


Y



