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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. Considering on the categories of capability
An email discussion has been arranged after RAN2#96, and the definition of categories of capability has been discussed. During the discussion, it can be observed that it is difficult to reach a conclusion on the definition of category of capability. Also, it has been indicated that even the definition of capability can be agreed, we still need to spend more time to discuss the mapping between the specific capability and the category. So, instead of categorizing the capability, in order to accelerate the progress, we propose to categorize the solution directly, and try to identify some high priority solution for each category.
Proposal 1: Instead of categorizing the capability, we propose to categorize the potential solutions directly, and try to identify some high priority solution for each category.

3. Considering on the categories of solutions
Based on the email discussion, the potential solutions on the table are summarized as follow:
UE based coordination
· Solution 1: Coordination based on UE initiated capability update indication.
· Solution 2: Coordination based on coordination assistant information reported from UE side.
NW based coordination
· Solution 3: UE capability sets based coordination

· Solution 4: Semi-static capability split at NW based coordination

· Solution 5: Capability application-confirmation /Common capability across RATs based coordination 
· Solution 6: Capability consumption notification /Common capability across RATs based coordination 
· Solution 7: Conflicts indicated in UE capabilities, throughput based negotiation across Xn

· Solution 8: Coordination container/Common across RATs configuration based coordination
Note: The combination of the solutions above is also possible

According to our understanding, the solutions above can be categorized into two types:

· Capability coordination with splitted capability: The capability will be splitted (no matter the splitted is made by NW or UE, and no matter the splitted is made in explicit way or implicit way), and the splitted capability will be stored in Master-Node and Secondary-Node accordingly. With the stored capability, whenever each node (i.e. master node or secondary node) want to use this capability, the NW node only needs to guarantee the use of capability within its node does not exceeded the stored splitted capability.

· Capability coordination without splitted capability (i.e. common pool for both secondary node and master node): The capability will not be splitted. Whenever one NW node want to use the capability, the NW node need to guarantee the use of the capability within both nodes does not exceeded the overall capability.
Proposal 2: Categorize the capability coordination solution into two groups:
· Capability coordination with splitted capability: The capability will be splitted (no matter the splitted is made by NW or UE, and no matter the splitted is made in explicit way or implicit way), and the splitted capability will be stored in Master-Node and Secondary-Node accordingly. With the stored capability, whenever each node (i.e. master node or secondary node) want to use this capability, the NW node only needs to guarantee the use of capability within its node does not exceeded the stored splitted capability.

· Capability coordination without splitted capability (i.e. common pool for both secondary node and master node): The capability will not be splitted. Whenever one NW node want to use the capability, the NW node need to guarantee the use of the capability within both nodes does not exceeded the overall capability.
4. Alternative solutions for capability coordination with splitted capability

Based on the email discussion, it seems majority companies think the re-negotiation for the splitted capability initiated by secondary node should be allowed. So, we think two kind of procedure will be needed in the capability coordination with splitted capability:
· (re)Configuration of splitted capability initiated by master node
· Re-negotiation of splitted capability initiated by secondary node
Note: The “Configuration of splitted capability initiated by master node” can be triggered by the “Re-negotiation of splitted capability initiated by secondary node” as a subsequent procedure.
Configuration of splitted capability

For the configuration of splitted capability, the following solutions can be considered.

· Solution 1: Coordination based on UE initiated capability update indication.

· Solution 3: UE capability sets based coordination

· Solution 4: Semi-static capability split at NW based coordination
· Solution 7: Conflicts indicated in UE capabilities, throughput based negotiation across Xn

For the solution 1, since the solution 1 is transparent to NW, and can be considered as some kind of implementation based solution, it is proposed that:

Proposal 3: No optimization for the “Solution 1: coordination based on UE initiated capability update indication” should be studied in RAN2.
For the solution 3/4/7, one table is given as follow to show the pros and cons for each solution.
	Solutions
	Pros
	Cons

	Solution 3: UE capability sets based coordination
	The comprehension on each other’s capability is not needed.
	It is not clear how to define the capability set. The complexity and signalling overhead cannot be foreseen at this stage.

	Solution 4: Semi-static capability split at NW based coordination
	Similar as the solution in DC. The complexity is low.
	Some kind of comprehension on each other’s capability may be required. 

	Solution 7: Conflicts indicated in UE capabilities, throughput based negotiation across Xn
	The comprehension on each other’s capability is not needed.
	It is not clear how to define the “Conflicts indication”. The complexity and signalling overhead cannot be foreseen at this stage.


Based on the table above, we think it would be difficult for us to understand the complexity and signalling overhead of option 3 and option 7 at this stage. In addition, we think the three solutions may have different usage (i.e. can be used for different capabilities). So, we proposed to postpone the down selection until we have a clear view on the capability list for sharing and the complexity for each solution. So, we give our proposal as:
Proposal 4: Consider the following three solutions as candidates for the configuration of the splitted capability, and postpone the down-selection until we have a clear view on the capability list for sharing and the complexity for each solution.
· Solution 3: UE capability sets based coordination

· Solution 4: Semi-static capability split at NW based coordination
· Solution 7: Conflicts indicated in UE capabilities, throughput based negotiation across Xn

Re-negotiation of splitted capability

For the re-negotiation of splitted capability initiated by secondary node, the following solution can be considered.

· Solution 5: Capability application-confirmation /Common capability across RATs based coordination 

· Solution 7: Conflicts indicated in UE capabilities, throughput based negotiation across Xn

For the solution 5/7, one table is given as follow to show the pros and cons for each solution.

	Solutions
	Pros
	Cons

	Solution 5: Capability application-confirmation /Common capability across RATs based coordination
	The complexity is low.
	Some kind of comprehension on each other’s capability may be required. 

	Solution 7: Conflicts indicated in UE capabilities, throughput based negotiation across Xn
	The comprehension on each other’s capability is not needed.
	It is not clear how to define the “Conflicts indication”. The complexity and signalling overhead cannot be foreseen at this stage.


Based on the similar consideration given above, we think it is too earlier to make the down-selection, and propose as follow:
Proposal 5: Consider the following two solutions as candidates for the re-negotiation of the splitted capability initiated by secondary node, and postpone the down-selection until we have a clear view on the capability list for sharing and the complexity for each solution.
· Solution 5: Capability application-confirmation /Common capability across RATs based coordination 

· Solution 7: Conflicts indicated in UE capabilities, throughput based negotiation across Xn

5. Alternative solutions for capability coordination without splitted capability
For the capability coordination without splitted capability, the following solutions can be considered:
· Solution 2: Coordination based on coordination assistant information reported from UE side.
· Solution 5: Capability application-confirmation based coordination 
· Solution 6: Capability consumption notification /Common capability across RATs based coordination 

· Solution 7: Conflicts indicated in UE capabilities, throughput based negotiation across Xn
· Solution 8: Coordination container/Common across RATs configuration based coordination
For the solutions above, one table is given as follow to show the pros and cons for each solution.

	Solutions
	Pros
	Cons

	Solution 2: Coordination based on coordination assistant information reported from UE side
	Can be used for the capability, the consumption of which is changed frequently and dynamically.
The comprehension on each other’s capability is not needed on NW side.
No backhaul delay
	May introduce considerable signalling (e.g. MAC CE) overhead in UU interface.
Collision may happen.

	Solution 5: Capability application-confirmation based coordination
	Collision can be avoided.


	The comprehension on each other’s capability may be needed.

Backhaul delay will be introduced

	Solution 6: Capability consumption notification /Common capability across RATs based coordination
	No backhaul delay
	The comprehension on each other’s capability may be needed.

Collision may happen.

	Solution 7: Conflicts indicated in UE capabilities, throughput based negotiation across Xn
	The comprehension on each other’s capability is not needed on NW side.

Collision can be avoided.


	Backhaul delay will be introduced

	Solution 8: Coordination container/Common across RATs configuration based coordination
	No backhaul delay
Collision can be avoided.


	The comprehension on part of each other’s configuration is needed, and NW need to derive the capability consumption based on the configuration.
Cannot work if the signalling is delivered to UE though the air interface of the secondary node directly.




Based on the table above, it can be observed that each solution have pros and cons, and different solution may be used for different capability. Also, according to our understanding, most of the capabilities will be coordinated based on the capability splitted, and only a little part can be shared based on a common pool. Since the capability list for sharing is still not clear now, we propose that:
Proposal 6: The candidate solution for “capability coordination without splitted capability” should be discussed in a case by case way (i.e. discuss the solution for each specific capability).
Similar as DC in LTE, the UL power can be considered as some kind of capability which can be share based on a “common pool”. Since the consumption of UL power may be changed dynamically and frequently (e.g. in every TTI), the solutions which require information exchange over Xx interface is not suitable, and the solution 2 should be considered as baseline.
Proposal 7: For the UP power similar capability, the consumption of which can be changed dynamically and frequently (e.g. in TTI level), if the capability coordination based on a common pool is confirmed by RAN1, the solution 2 “Coordination based on coordination assistant information reported from UE side.” should be considered as baseline. 
Different from the UL power, the capability of frequency band is another potential capability which may be coordinated based on the “common pool”. Since the consumption of frequency band will be triggered by RRC signalling, the solution 2 seems not necessary and the solution based on the information exchange over Xx interface should be considered. However, based on the comparison table given above, there will be some kind of contradiction between the backhaul delay and the collision. Although the solution 8 can avoid the collision and the backhaul delay, the solution 8 cannot work in case the signalling is delivered to UE though the air interface of the secondary node directly. And force all the signalling delivered though master node will also introduce the backhaul delay. Considering the use of frequency band capability may be required in the mobility procedure, and the extra backhaul delay will lead to negative impact on both the interruption time and the success ratio of HO. So, we give our proposal as:
Proposal 8: For the frequency band capability, the secondary node shall not be required to apply for the frequency band capability from master node in the mobility procedure.
Also considering the collision, which should be avoided as well, for the frequency band capability, we think the capability coordination should be made before the use of the capability and whenever the NW node want to use the frequency band capability, the NW node only need to look at the capability stored and the consumption within it. Thus it more like the re-negotiation of the splitted capability instead of the coordination based on “common pool”. So, we propose:
Proposal 9: “Capability coordination with splitted capability” should be used for the frequency band capability.
6. Conclusion
Based on all the analysis above, we give our observations and proposals as follow:
Considering on the categories of capability

Proposal 1: Instead of categorizing the capability, we propose to categorize the potential solutions directly, and try to identify some high priority solution for each category.

Considering on the categories of solution
Proposal 2: Categorize the capability coordination solution into two groups:

· Capability coordination with splitted capability: The capability will be splitted (no matter the splitted is made by NW or UE, and no matter the splitted is made in explicit way or implicit way), and the splitted capability will be stored in Master-Node and Secondary-Node accordingly. With the stored capability, whenever each node (i.e. master node or secondary node) want to use this capability, the NW node only needs to guarantee the use of capability within its node does not exceeded the stored splitted capability.

· Capability coordination without splitted capability (i.e. common pool for both secondary node and master node): The capability will not be splitted. Whenever one NW node want to use the capability, the NW node need to guarantee the use of the capability within both nodes does not exceeded the overall capability.
Alternative solutions for capability coordination with splitted capability

Proposal 3: No optimization for the coordination based on UE initiated capability update indication should be studied in RAN2.
Proposal 4: Consider the following three solutions as candidates for the configuration of the splitted capability, and postpone the down-selection until we have a clear view on the capability list for sharing and the complexity for each solution.
· Solution 3: UE capability sets based coordination

· Solution 4: Semi-static capability split at NW based coordination
· Solution 7: Conflicts indicated in UE capabilities, throughput based negotiation across Xn
Proposal 5: Consider the following two solutions as candidates for the re-negotiation of the splitted capability, and postpone the down-selection until we have a clear view on the capability list for sharing and the complexity for each solution.
· Solution 5: Capability application-confirmation /Common capability across RATs based coordination 

· Solution 7: Conflicts indicated in UE capabilities, throughput based negotiation across Xn

Alternative solutions for capability coordination without splitted capability

Proposal 6: The candidate solution for “capability coordination without splitted capability” should be discussed in a case by case way (i.e. discuss the solution for each specific capability).

Proposal 7: For the UP power similar capability, the consumption of which may be changed dynamically and frequently (e.g. in TTI level), if the capability coordination based on a common pool is confirmed by RAN1, the solution 2 “Coordination based on coordination assistant information reported from UE side.” should be considered as baseline. 
Proposal 8: For the frequency band capability, the secondary node shall not be required to apply for the frequency band capability from master node in the mobility procedure.
Proposal 9: “Capability coordination with splitted capability” should be used for the frequency band capability.
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