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1.  Introduction

In RAN2 AH#2, index based coordination was agreed as a high priority solution for MR-DC UE capability 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 order to achieve a final decision on this solution, the details on how to apply the index into coordination procedure need to be clear. In this contribution, we intend to analyse the index based coordination solution in both Stage 2 and Stage 3, and the contribution is mainly focused on the coordination of frequency band (i.e. we assume the baseband capabilities like MIMO layers do not need to be coordinated between the two RATs for now, until we get sufficient information from RAN1/RAN4) for EN-DC scenario.

2.  Discussion
2.1. EN-DC specific capability for Coordination
An EN-DC capable UE has its own supported LTE/NR frequency bands and band combinations (for CA) which are defined in UE-EUTRA-Capability and UE-NR-Capability respectively. And according to the agreements so far, the UE will also have its own EN-DC specific capability, e.g. for a LTE BC, the EN-DC specific capability indicates which NR frequency bands can be operated together. 

For the index based solution, we think the EN-DC specific capability could be defined as Table 1. Lx (e.g. L1~L4) respectively represents each LTE frequency band and band combination supported by the UE, while Ny (e.g. N1~N5) respectively represents each NR frequency band and band combination supported by the UE, then Value "1"/"0" in the corresponding position indicates whether the Ny could operates with Lx. 

Notes: the "Index" in Table 1 is for description purposes only, it is not meant to be a mandatory IE.

Table 1 EN-DC specific capability supported by the UE

	Index
	
	N1
	N2
	N3
	N4
	N5

	1
	L1
	1
	1
	0
	1
	0

	2
	L2
	1
	0
	0
	1
	1

	3
	L3
	0
	0
	0
	0
	0

	4
	L4
	0
	1
	1
	0
	0


To be more specific, in this exemplary Table 1, the EN-DC capable UE supports at most 20 LTE/NR combination capabilities:

· {L: index=1, N: index=1} is valued as 1, which means this combination capability is supported by UE.

· {L: index=3, N: index=4} is valued as 0, which means this combination capability is not supported by UE, but the standalone LTE capability and standalone NR capability are supported by UE.

Further, the information necessary for LTE MeNB is shown in Table 2, i.e. LTE MeNB only needs to know the row (seen as a bitmap) related to each Lx, while the information about which NR frequency band/ band combination is represented by the value "1", is not necessary for LTE MeNB. In other words, in order to configure EN-DC, there needs to be at least one "1" in the bitmap related to the serving Lx, e.g. if the current serving Lx is L3, then EN-DC cannot be configured.

Notes: Table 1/2 is an example of listing all the LTE frequency bands & band combinations which are supported by the UE; but it could also only list the LTE frequency bands & band combinations which could be configured to be MR-DC, i.e. L3 could not be included in the EN-DC specific table. In this case, MeNB may even not need to know the bitmap, just the presence of the Lx entry is enough.

Table 2 Necessary information for LTE MeNB

	Index
	
	
	
	
	
	

	1
	L1
	1
	1
	0
	1
	0

	2
	L2
	1
	0
	0
	1
	1

	3
	L3
	0
	0
	0
	0
	0

	4
	L4
	0
	1
	1
	0
	0


The information necessary for NR SgNB is shown in Table 3, i.e. NR SgNB needs to know at least the bitmap which is related to the LTE serving Lx (e.g. the row marked as Index 2) and the Ny represented by the corresponding value "1" (e.g. N1/N4/N5). Whether NR SgNB also acquires the whole table is optional.

Table 3 Necessary information for NR SgNB

	Index
	N1
	N2
	N3
	N4
	N5

	1
	1
	1
	0
	1
	0

	2
	1
	0
	0
	1
	1

	3
	0
	0
	0
	0
	0

	4
	0
	1
	1
	0
	0


It can be seen that index based coordination does not need MN/SN to know the capability/ configuration of SN/MN, and with the minimal information transferred, the solution will not lead to significant impacts to the LTE specification nor increase the message size largely. 

Notes: The description in Section 2 is mainly for visualization purposes; we also provide some preliminary ASN.1 proposal in the Annex.
2.2. Coordination Procedure

The LTE MeNB/ NR SgNB initiated coordination procedures are shown respectively in Fig 1/Fig 2.

LTE MeNB initiated UE Capability Coordination
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Fig 1  LTE MeNB initiated UE Capability Coordination procedure

Step 1: LTE MeNB acquires the UE EN-DC specific capability (i.e. Table 1) from UE or EPC. As the FFS discussed in RAN2 #97bis, the EN-DC specific capability is included in UE-EUTRA-Capability (and UE-NR-Capability too) or in a new container specific for EN-DC capabilities.

Step 2: LTE MeNB indicates which bitmap should be considered when NR SgNB configures the serving frequency band(s) for the UE. 

As mentioned in Step 1:

· if the EN-DC specific capability is included in both UE-EUTRA-Capability and UE-NR-Capability, LTE  MeNB could only indicate e.g. Index 2 to NR SgNB; 

· if the EN-DC specific capability is included in a new container and NR SgNB did not receive it before, LTE MeNB should indicate the bitmap (e.g. the row marked as Index 2) to NR SgNB.

Notes: The name of X2-AP message in this paper is just for describing the functionality, and there is no intention to introduce new messages.

Step 3: According to the bitmap indicated by LTE MeNB, NR SgNB knows which frequency band(s) could possibly be configured to the UE, e.g. N1/N4/N5. Then according to the information like measurement report (no matter the report is received from LTE MeNB or the UE directly), NR SgNB can decide which frequency band(s) should be configured to the UE.

Step 4: NR SgNB provides the selected index of NR frequency band(s) (which is useful for later RRM) and the corresponding SCG RRC configuration to LTE MeNB. 

NR SgNB initiated UE Capability Coordination (i.e. Re-negotiation)
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Fig 2  NR SgNB initiated UE Capability Coordination procedure
Step 1: NR SgNB makes a RRM decision to change the current serving frequency band(s) to the target one, e.g. from source N4 to target N2.

Step 2: NR SgNB indicates the index of target frequency band(s) (i.e. N2) to LTE MeNB for requesting the re-negotiation. Alternatively, NR SgNB indicates the indices of LTE bands which could operate with the target frequency band(s) (i.e. L1 and L4) to LTE MeNB.

Step 3: If LTE MeNB decides to accept the re-negotiation request, LTE MeNB initiates the RRC Connection Reconfiguration procedure to re-configure the serving Lx for the UE (e.g. from L2 to L1), in order to adopt the target Ny.

Step 4: LTE MeNB responds to NR SgNB to notify the acceptance and the new bitmap NR SgNB could consider.

Step 5: NR SgNB could re-configure the serving Ny to the UE via SRB3 directly.

Note 1: If the target Ny is still indicated as value "1" in the bitmap, NR SgNB could even initiate the corresponding RRC Connection Reconfiguration procedure via SRB3 first, and then indicate the new Ny to LTE MeNB.

Note 2: The procedure shown in Fig 2 is just for illustrating the principle of  index based coordination, the other aspects e.g. intra-MeNB HO/ security related to the change of serving Lx have been omitted (in other words, the changing of serving Lx and Ny could be executed via one MN RRC Connection Reconfiguration procedure).
Proposal: RAN2 is kindly asked to discuss the above details and procedures of Index based coordination, and confirm that it is a feasible solution for UE Capability Coordination in MR-DC.

3.  Conclusion
Based on the analysis in Section 2 (and the instanced specification in the Annex), we propose:

Proposal: RAN2 is kindly asked to discuss the above details and procedures of Index based coordination, and confirm that it is a feasible solution for UE Capability Coordination in MR-DC.
Annex: Example of index based coordination
The band combination coordination information in LTE side

RF-Parameters-v1020 ::=



SEQUENCE {


supportedBandCombination-r10


SupportedBandCombination-r10

}
SupportedBandCombination-r10 ::= SEQUENCE (SIZE (1..maxBandComb-r10)) OF BandCombinationParameters-r10

BandCombinationParameters-r10 ::= SEQUENCE (SIZE (1..maxSimultaneousBands-r10)) OF BandParameters-r10

BandCoordinationIndexList-r10 ::= SEQUENCE (SIZE (1..maxBandComb-r10)) OF BandCoordinationIndexItem
BandCoordinationIndexItem ::=

  SEQUENCE {


BandCoordinationIndex


INTEGER (1.. maxBandCoordination) 

OPTIONAL
}
NOTE: The ASN.1 above is just one example, and more extra information is required to handle the band combination introduced later release (e.g. later than release 10) and single band.
NOTE: The BandCoordinationIndex is only needed in case the corresponding LTE band combination can work together with NR band (combination) simultaneously.
In LTE side, for each LTE band combination indicated in “BandCombinationParameters-r10”, a BandCoordinationIndex will be assigned. And the band coordination index will be used to indicate restriction information for this LTE band combination in NR side (i.e. each band coordination index is used to indicate one BandCoordinationBitmap within the BandCoordinationInforList, which is configured in NR side).

The band combination coordination information in NR side

RF-Parameters ::=



SEQUENCE {


supportedBandCombination


SupportedBandCombination
}
SupportedBandCombination ::= SEQUENCE (SIZE (1..maxBandComb)) OF BandCombinationParameters-r15

BandCombinationParameters ::= SEQUENCE (SIZE (1..maxSimultaneousBands)) OF BandParameters-r10

BandCoordinationInforList ::= SEQUENCE (SIZE (1.. maxBandCoordination)) OF BandCoordinationBitmap

BandCoordinationBitmap ::= 
SEQUENCE {


bandCoordination



BIT STRING (SIZE (maxBandComb))

}

NOTE: The ASN.1 above is just one example, and some extra information may be required.

In NR side, as part of NR capability, a BandCoordinationInfoList will be reported, which consists of band coordination bitmap. For the band coordination bitmap, each bit will refer to one NR band combination carried in “SupportedBandCombination”. The bit “1” means the corresponding NR band combination is available and the bit “0” means the corresponding NR band combination is unavailable.
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