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1. Introduction

RAN2 #95bis has reached several agreements about UE capability coordination, but there are still many FFS points in this issue, especially for the solution part. The intention of this contribution is to give some further considerations on the capability coordination in LTE/NR tight interworking.

2. Consideration on the capability coordination

For the content of UE capability coordination, the following has already been agreed by RAN2:
· At least some band combinations across RATs should be coordinated across the master and the secondary nodes.

· Layer 2 buffer capabilities should be coordinated across the RATs should be coordinated across the master and the secondary nodes.

Besides the two above capabilities, considering the NR RRM will be located in NR SgNB, in order to make the RRM decision on the NR SCell addition/ release/ intra-NR mobility, the function for measurement configuration is required in NR side. In addition, since the measurement will also be  configured on the MeNB side, some coordination on the measurement capability will also be required. Moreover, similar as in the DC of LTE, besides the L2 buffer, some category related capabilities, such as “Maximum number of bits of a DL-SCH transport block received within a TTI”, also need to be coordinated.

Observation 1: The measurement capability and some category related capabilities, such as “Maximum number of bits of a DL-SCH transport block received within a TTI”, also need to be coordinated.

Since this is just an study item, and lots of capabilities will only be defined in the WI phase. In addition, even with the definition of capability, whether the capability can be shared between LTE and NR or not should be determined by RAN1 or RAN4. 

Observation 2: It is very difficult and not necessary for RAN2 to identify all the specific capabilities which need to be coordinated in the LTE/NR tight interworking.

Instead of identifying all the specific capabilities, which need to be coordinated, RAN 2 is encouraged to study the coordination requirement of the capabilities and try to categorize the capabilities with different requirement on the capability coordination into  different types.

Proposal 1: RAN 2 is encouraged to study the characteristics  of the capabilities and try to categorize the capabilities with different requirement on the capability coordination into  different types.

In order to have a clear view on how these capabilities should be coordinated, we need to understand how the capabilities will be consumed first. Considering the different characteristics on the capability consumption, we think the capabilities can be categorized into two types: 

· TYPE I capability: The capability that the consumption of capability may change dynamically and frequently (e.g. every TTI) according to the scheduling and cannot be estimated by the other node (e.g. capabilities related to ue-category).

· TYPE II capability: The capability that the change of the consumption can only be triggered by RRC procedure (e.g. band combination). 

Proposal 2: Based on the different characteristics on the capability consumption, the capabilities can be categorized into two types:

· TYPE I capability: The capability that the consumption of capability may change dynamically and frequently (e.g. every TTI) according to the scheduling and cannot be estimated by the other node (e.g. capabilities related to ue-category). 

· TYPE II capability: The capability that the change of the consumption can only be triggered by RRC procedure (e.g. RF band combination). 
Based on the views shared by companies in [1], two kind of capability coordination method can be identified:

· Hard split: Split the capabilities in a hard way, and both the LTE and NR is only allowed to use the capability splitted, which is quite similar as what we have done in DC. 

· Dynamic share: Both the LTE and NR is required to maintain the information about the capability consumed/ left. With this information, both the LTE eNB and NR gNB are allowed share the capability dynamically.

Both the hard split solution and the dynamic share solution have some pros and cons, which are summarized in the table below:

	Scheme
	Pros
	Cons

	Hard-split
	LTE eNB/NR gNB are not required to maintain the capability consumption information. And no capability information exchange between LTE and NR is required.
	The capability cannot be shared in an efficient way.

	Dynamic sharing
	The capability can be shared in an efficient way.
	The capability consumption information needs to be exchanged between LTE eNB and NR gNB.


Based on the analysis given above, it can be observed that the dynamic sharing scheme can provide a better capability sharing efficiency. However, for the TYPE I capabilities, since the consumption of TYPE I capability may changed dynamically and frequently (e.g. every TTI), it is not possible for the NW to update the capability consumption information in time. So, for the TYPE I capability, the hard-split scheme is preferred. 
For the TYPE II capabilities, since the change of the consumption can only be triggered by RRC procedure, the consumption information can be maintained by NW with limited signalling exchange, and the dynamic sharing can be considered. 
For example, once MeNB add one scell, MeNB can inform the information of newly added scell to the NR gNB. Then, NR gNB can derive the consumption of RF capability used on LTE side and have a whole picture on the overall consumption of RF capability.

Proposal 3: Both the hard-split and dynamic sharing should be supported in NR. The hard-split should be used for the TYPE I capabilities and Dynamic-sharing should be used for the TYPE II capabilities).
One example for UE capability report, the combination of hard-split and dynamic-sharing in the capability coordination is given as follow:
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Figure 1: UE capability Report, Capability coordination with both hard-split and dynamic-sharing

PHASE I: UE CAPABILITY ACQUISITION:
· Step 1: LTE eNB enquires the UE capability information.
· Step 2: UE signals UE-LTE-Capability and UE-NR-Capability to LTE eNB by means of capability container. For the purpose of capability coordination, some LTE/NR common information (e.g. Band combination including both LTE band and NR band) may be included in both the UE-LTE-capability container and the UE-NR-Capability container..
PHASE II: INITIAL CAPABILITY COORDINATION

· Step 3: LTE MeNB forward the UE-NR-Capability container to NR SgNB. Besides the capability container, the MeNB may also provide some indication/configuration for the purpose of hard-split for the TYPE I capabilities. In addition, for the TYPE II capabilities, the MeNB may also include some consumption information. Based on the received information, the SgNB derive the capabilities which can be used in the NR SgNB side.
· Step 4: According to the derived available capability, NR SgNB make appropriate radio resource configuration for the UE, and deliver the generated NR RRC PDU to LTE MeNB via RRC container.
· Step 5: During NR SgNB Addition procedure, LTE MeNB forwards the NR RRC PDU to the UE.
PHASE III-A: CAPABILITY UPDATE FOR TYPE I CAPABILITIES

· Step 6: If LTE MeNB decides to update the split of Type I capability (e.g. when LTE MeNB add another NR SgNB or LTE MeNB add one more serving cell), LTE MeNB initiates capability update procedure over the direct interface to inform NR SgNB the updated hard-split  information about Type I capability. 

· Step 6’: Based on the received information, NR SgNB derive the capabilities which can be used in the SgNB side and send response to LTE MeNB to confirm the update of hard-split information.

NOTE: If the SgNB/SeNB want to have more radio capability, the SgNB may also initiate the related UE capability coordination update procedure to require more capabilities. However, the final decision on the capability split should still be made by MeNB.
PHASE III-B: CAPABILITY CONSUMPTION UPDATE FOR TYPE II CAPABILITIES

· Step 7: NR SgNB initiates the RRC procedure to UE directly, as long as the update consumption lead the whole configuration still under the limitation of UE capability. 

· Step 8: NR SgNB indicates the update consumption for the radio resources related to Type II capability. 

NOTE: For the timing relationship between step 7 and 8, we think it is not necessary to standardize the timing relationship between the RRC procedure over UU and the consumption update procedure over the direct interface between LTE MeNB and NR SgNB. It’s up to implementation. Because there may huge radio resources on high frequency, and it is quite possible for NR SgNB to reserve some capability by the capability coordination procedure to avoid frequently AP procedure over the direct interface. Hence the “capability collision” can be considered as corner case, and it could even introduce the RRC reconfiguration failure procedure to inform NW the happen of “capability collision”.

In addition, the following agreement has been made in RAN2 #95bis, 

· The master node and secondary node are not required to comprehend each others UE configuration. 
This agreement means that in LTE/NR tight interworking, MN and SN only generate RRC PDUs with the ASN.1 of their own RAT respectively and can not comprehend each other’s RRC PDUs, hence if the information about UE’s configuration/ capability within the inter-node message is defined  as in LTE i.e. referring to the RRC protocol, then MN and SN can not perform coordination nor make reasonable configuration since they are not aware of the status of each other. Therefore we think the capability coordination/ consumption information shall be defined in the the direct application protocol explicitly instead of referring to the RRC protocol. For example, we may define some kind of “frequency band list” (e.g. we don’t need to touch the band combination in the AP over the the direct interface, only a list of frequency band is enough) in the AP message “capability consumption update” to indicate which frequency band is “used”. 

Proposal 4: The capability coordination information (e.g. capability consumption information, hard split information) shall be defined in the application protocol of the direct interface between LTE eNB and NR gNB explicitly instead of referring to the RRC protocol.

3. Conclusion
Based on all the analysis above, we give our observations and proposals as follow:

Observation 1: The measurement capability and some category related capabilities, such as “Maximum number of bits of a DL-SCH transport block received within a TTI”, also need to be coordinated.

Observation 2: It is very difficult and not necessary for RAN2 to identify all the specific capabilities which need to be coordinated in the LTE/NR tight interworking.

Proposal 1: RAN 2 is encouraged to study the characteristics  of the capabilities and try to categorize the capabilities with different requirement on the capability coordination into  different types.

Proposal 2: Based on the different characteristics on the capability consumption, the capabilities can be categorized into two types:

· TYPE I capability: The capability that the consumption of capability may change dynamically and frequently (e.g. every TTI) according to the scheduling and cannot be estimated by the other node (e.g. capabilities related to ue-category). 

· TYPE II capability: The capability that the change of the consumption can only be triggered by RRC procedure (e.g. RF band combination). 
Proposal 3: Both the hard-split and dynamic sharing should be supported in NR. The hard-split should be used for the TYPE I capabilities and Dynamic-sharing should be used for the TYPE II capabilities).

Proposal 4: The capability coordination information (e.g. capability consumption information, hard split information) shall be defined in the application protocol of the direct interface between LTE eNB and NR gNB explicitly instead of referring to the RRC protocol.
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