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1. Introduction
The email discussion for the capability coordination in LTE/NR tight interworking “[95#30] Capability coordination for NR and LTE” has been arranged after RAN2#95 and lots of views have been shown during the email discussion.
The intention of this contribution is to give some further consideration on the capability coordination in LTE/NR tight interworking.
2. Consideration on the capability coordination
In LTE, since all the RRM/RRC function will be handled in MeNB, only the ue-category related capability need to be coordinated. However, in LTE/NR tight interworking, since the NR RRM may be located in NR SeNB, the NR SeNB can make the decision for the NR SCell addition/release/intra-NR mobility/measurement configuration, which means the coordination for RF and measurement related capability should also be supported. So, the coordination for the following capabilities should be considered.
· Ue-category: The capabilities indicated by the ue-category, including the “Maximum number of bits of a DL-SCH transport block received within a TTI”, “Total number of soft channel bits”, etc.
· RF capabilities: including the supported band list or band combination list and other capability related to the RF.
· Physical layer capabilities: including the physical layer capability which is not covered by the ue-category.

· Measurement capabilities: including the requirement on measurement gap, and the maximum number of measurement (e.g. maximum number of measurement configured by RRC and the measurement capability given in 36.133.). It’s worth noting that both the LTE RRC and NR RRC may configure measurements for the same NR carrier
Proposal 1: The following capabilities should be considered in the capability coordination between LTE and NR.
· Capabilities related to ue-category
· RF capabilities

· Physical layer capabilities which is not related ue-category
· Measurement capabilities

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, the capabilities given in proposal 1 can be can be summarized 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 studied in this SI. And different capability sharing scheme can be used for different capabilities (e.g. Hard-split is used for the TYPE I capabilities and Dynamic-sharing is used for the TYPE II capabilities).

One example for the combination of hard-split and dynamic-sharing in the capability coordination is given as follow:


[image: image1.emf]UE LTE eNB NR gNB

7. Capability consumption update (e.g. 

with the information about 

addition/release of frequency band in LTE)

6. DC Configuration LTE 

(e.g.with addition/release of 

LTE frequency band)

7a. Capability consumption update (e.g. 

with the information about 

addition/release of frequency band in NR)

6a. DC Configuration NR (e.g. with addition/release of NR frequency band)

1. Capabilities Enquiry of LTE

2. LTE specific capabilities and 

LTE/NR common capabilities

3

. Capabilities Enquiry of NR

4. NR specific capabilities and LTE/NR common capabilities

5. Negotiation 

for the LTE/NR common capabilities which 

can be splitted in a hard way


Figure 1: Capability coordination with both hard-split and dynamic-sharing
· Step 1: LTE eNB enquires the UE capability information.

· Step 2: UE signals LTE specific capabilities and LTE/NR common capabilities (e.g. band combination include both LTE band and NR band).
· Step 3: NR eNB enquires the UE capability information.

· Step 4: UE signals NR specific capabilities and LTE/NR common capabilities.
· Step 5: Master and Secondary nodes coordinate for the capabilities which can be splitted in a hard way (i.e. TYPE I capabilities).
· Step 6: LTE MeNB configures UE (e.g. initiate a RRC procedure to add/release the LTE frequency band.) according to the outcome of the coordination given by the step 5 (for TYPE I capability) and the capability consumption maintained based on the capability consumption procedure (for TYPE II capability).
· Step 7: LTE MeNB initiate capability consumption update procedure over X2new interface to inform NR gNB the consumption for TYPE II capability. 
· Step 6a: NR S-gNB configures UE (e.g. initiate a RRC procedure to add/release the NR frequency band.) according to the outcome of the coordination given by the step 5 (for TYPE I capability) and the capability consumption maintained based on the capability consumption procedure (for TYPE II capability).
· Step 7a: NR S-gNB initiate capability consumption update procedure over X2new interface to inform NR gNB the consumption for TYPE II capability.

Based on the description above, it can be observed that a new X2AP procedure “capability consumption update” will be introduced in the capability coordination procedure. The intention of the “capability consumption update” solution is only to address the coordination for TYPE II capabilities. For the TYPE I capabilities, the hard split should be used (e.g. in step 5). In addition, as discussed in [3], in order to save the complexity and enable the independent evolution of LTE and NR, the LTE MeNB and NR SeNB shall not be required to understand the NR RRC and LTE RRC accordingly. So, we think the capability coordination/consumption information shall be defined in the X2-new 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 X2AP, only a list of frequency band is enough) in the X2AP message “capability consumption update” to indicate which frequency band is “used”. 
Proposal 4: The capability coordination information (e.g. capability consumption information) shall be defined in the X2-new application protocol explicitly instead of referring to the RRC protocol.
For the timing relationship between step 6(6a) and 7(7a), we think it is not necessary to standardize the timing relationship between the RRC procedure over UU and the consumption update procedure over “X2” interface. It’s up to implementation. For example, the consumption update procedure can be initiated once the RRM decision for the addition/release of frequency band is made. In addition, it is also possible for one eNB to reserve some capability by the “capability consumption procedure” to avoid frequently X2AP procedure.
Moreover, considering the delay of capability consumption update in X2new interface, some kind of “capability collision” may occur on UE side. However, since the delay of capability consumption update is very short, we think the “capability collision” can be considered as corner case, and the RRC reconfiguration failure can be introduced to inform NW the happen of “capability collision”.
3. Conclusion
Based on all the analysis above, we give our observations and proposals as follow:
Proposal 1: The following capabilities should be considered in the capability coordination between LTE and NR.
· Capabilities related to ue-category
· RF capabilities

· Physical layer capabilities which is not related ue-category
· Measurement capabilities

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). For the TYPE II LTE/NR common capability

Proposal 3: Both the hard-split and dynamic sharing should be studied in this SI. And different capability sharing scheme can be used for different capabilities (e.g. Hard-split is used for the TYPE I capabilities and Dynamic-sharing is used for the TYPE II capabilities).
· Hard split: A hard split is configured for the capability, 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.
Proposal 4: The capability coordination information (e.g. capability consumption information) shall be defined in the X2-new application protocol explicitly instead of referring to the RRC protocol.
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