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1. Introduction

During RAN2#96, it was agreed to have an email discussion on UE capability coordination for NR and LTE.

[96#33][NR/] Capability coordination (ZTE)


Define the 3 categories of capability, elaborate the details of the options available for how each of the categories are coordinated between LTE and NR, identify pros and cons.


Intended outcome: Email discussion report


Deadline: Thursday 05/01/2017
For the information, the agreements made before on the capability coordination in RAN2 have been listed as follow.
Agreements made in RAN2#95

1
From a RAN2 perspective, we aim to have an independent capability information for NR and LTE (meaning that node of one RAT does not need to look at the capabilities of the other RAT). Does not preclude that capabilities of one RAT might contain some information related to the other RAT (e.g. at least measurement capabilities)

2
RAN2 should study further how to coordinate capabilities between the UE, LTE eNB and NR gNB.

Agreements made in RAN2#95bis
1: RAN2 shall consider the LTE/NR tight interworking (with LTE eNB, NR gNB or eLTE eNB as a master node) for the coordination of capabilities.

2:
 We should aim to minimum the differences between the NR capability reporting across the LTE/NR tight interworking cases (NR gNB as a master node) and the standalone NR gNB case.

3
 At least some band combinations across RATs should be coordinated across the master and the secondary nodes.

4
Layer 2 buffer capabilities should be coordinated across the RATs should be coordinated across the master and the secondary nodes.

5: 
RAN2 aim for a solution where the master node and secondary node are not required to comprehend each others UE configuration.

1: Agree the following principle: the master node and the secondary node only need to use own RAT UE capabilities (which will include some other RAT capabilities relating to the interworking). At least for the initial configuration of interworking case these are provided on the master node RAT or from core network

2: Allow gNB to format NR RRC PDUs for the UE configuration.

2. Definition on categories of capability
Question 1: How to define the categories of capabilities for the LTE/NR capability coordination? 

The intention of this section is to discuss the definition of each category of capabilities. 
Alternative definition 1: (R2-167840)

The basic idea of this alternative is from R2-167840, and the intention is to categorize the capabilities based on whether the actual consumption of the capability in one RAT can be understand/predictable by the NW in the other RAT. 
With this idea, the definition is given as follow:
· TYPE I: The use of the capability is isolated to the RAT (i.e. use of the capability in one RAT has no impact on the other RAT) and the use of the capability does not need to be coordinated with the other RAT. No capability coordination is required for these type of capabilities.

· TYPE II: The use of the capability in one RAT has impacts to the other RAT, however the use of capability in one RAT is not understood/predictable by the NW side of the other RAT. It is difficult to make coordination based on the actual use of the capability in each RAT at a certain time. 

· TYPE III: The use of the capability in one RAT has impact to the other RAT, and the use of capability in one RAT is understood/predictable by the NW side of the other RAT. The capability coordination can be made based on the actual use of the capability in each RAT at a certain time.
It is worth noting that, the “consumption of capability is understand/predictable” does not imply the definition of capability has to be common. The consumption of capability can also be predicted by some kind of “common language” or some assistant information. On the other side, the “actual consumption of capability is not understood/predictable” does not imply that the capability is not comprehended.
Notes: The name of each type is FFS and can be determined later when the definition is agreed. If companies have any suggestion or preference on the name of the TYPEs, please include it in the table below.
NOTE: If any new definition is proposed, please add it here.
Alternative definition 2…
Companies are invited to share views or comments on the definitions given above.
	Company
	Comments

	ZTE
	We agree with the definition given above.
For the name of each type, we think it can be determined later after the definition is agreed.

	Ericsson
	We would like to understand better the difference between TYPE II and TYPE III? What is the difference between “dynamic” and “semi-static”? And why are those mapped one-to-one with “understood by the NW side of the other RAT” and “not understood by the NW side of the other RAT”? For the “dynamic” capabilities, do you have something like the L1 parameters (e.g. total number of TB bits receiveable in one TTI; UL TX power; …) in mind?

In our understanding, the primary distinction is whether a capability requires coordination between the eNBs or not. Whether a capability is “used” through RRC reconfiguration or by dynamic L1/2 control signalling should not matter from capability point of view.  

	Qualcomm
	Our understanding of the key difference between TYPE II and TYPE III is whether the use of the capability is understood between the the two RATs (TYPE III), or whether the use of the capability is not understood (TYPE II). 
We see dynamic vs semi-static as an orthoganol issue that can apply to either TYPE II or TYPE III based on the frequency of backhaul coordination.

The point of including TYPE II is to allow for example band combinations to be separate between LTE and NR so as not to make a single capability set common to LTE and NR, while also allowing there to be dependencies between the capabilities used between the two RATs

	Nokia, Alcatel Lucent Shanghai Bell
	We agree with the intention of defining 3 types of capabilities and think that UE Type I capabilities are not related to tight interworking. However, we do not have a strong opinion whether to exclude it from this discussion or just have it as a reminder for the future for the TR. We are given to understand that the Type II UE capabilities are either hard or semi-statically split (e.g. RF band combinations and HARQ buffer sharing between LTE and NR) whereas the Type III capabilities are possible to be dynamically split (e.g. UL Tx power). This is also in line with the earlier contributions from companies on this topic. So we would prefer to have the text in brackets as Type II (hard or semi-static) and Type III (dynamic). This also implies that Type II capability split can change at reconfiguration (involving Xx or the UE), whereas Type III does not need reconfiguration (involving higher layers). 

	LG
	In our understanding, 

· Type II is a capability that doesn’t require immediate coordination and each node utilizes its own part of the capability. Within its own part of the capability, the actual consumption of the capability may vary, but it doesn’t need to be known to other side. 

· Type III is a capability that requires immediate coordination between LTE and NR such as band combinations while the coordination is expected not too frequent.

Is it correct understanding?



	Intel
	In our view, coordination types (Type II and Type III) should be first defined from the network coordination point of view for convenience.  UE based coordination should be discussed separately from Type II and Type III because UE based coordination (or UE initiated capability change) can be used in addition to network coordination.  

We also agree that we should avoid to say “semi-static” and “dynamic” because it is a bit confusing. 

The below is our understanding on Type II and Type III just focusing on network coordination. 

Type II: The use of the capability in one RAT has impact to the other RAT, and UE capability is coordinated with explicit capability split information. Either MeNB or SeNB provides explicit capability split of UE capability to be used in each RAT. Therefore, the total does not exceed the UE capability. 

Type III: The use of the capability in one RAT has impacts to the other RAT, however coordination via explicit capability split information is not needed. One RAT can understand/predict the allowed UE capability from other RAT’s configuration and UE capability information reported to the own RAT.  For example, the SeNB should configure number of carriers not to exceed total number of carriers based on UE reported total number of carriers and MeNB CA configuration.

	Huawei, HiSIlicon
	We prefer Nokia’s view. There are three type of capabilities.

Type 1: no coordination is needed between two RATs;

Type 2: Hard or semi-static split between two RATs, should be coordinated via Xn interface, e.g. RF;

Type 3: dynamic split between two RATs, has to be coordinated via UE feedback, e.g. power. 

	CATT
	The definition given in this email discussion is different from the discussion in the last meeting. And we failed to understand what it is meant by implicit capability or explicit capability in Type 2 and Type 3 capability descriptions. Could you provide example UE capability parameters for each type, at least this would help clarifying what is meant by each capability type. 

TYPE 1 capability in this email discussion doesn’t require coordination between the two network nodes.

In RAN2_96, we discussed on UE capability types which require coordination and below is our understanding of UE capability types according to the discussion at RAN2_96. 

First category of capability requiring coordination: the capability that the change of the consumption can only be triggered by RRC procedure (e.g. RF band combination). Semi-static split should be used for this type of capabilities. We think this is similar to TYPE 2 capability in this email discussion. 

Second category of 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). The hard-split should be used for this type of capabilities. We think this can be mapped to capability TYPE 3 in this email discussion.


	Convida Wireless
	We share the same view as Qualcomm

	ITRI
	We see the variation frequency of each capability could be different and agree to categorize capabilities. In our view Type II and Type III capabilities (that require coordination between NR and LTE with/without understanding how the capabilities are used in other RAT) correspond to the NR/LTE standardization dependency. We’d like to also evaluate the signalling overhead over the Xx and the air interfaces as well as the efficiency of resource utilization. As such, it is preferable to include how frequent the coordination might be required (e.g., no dynamic coordination, allow dynamic coordination) in categorizing the types of capabilities.

	Samsung
	Similar view as expressed by Nokia and Huawei. We are not sure if some companies consider option 2 to be split into

2a) fixed split, not involving any inter-node interaction versus

2b) non-fixed split, involving inter-node interaction

We at least assume 2b) whenever talking about hard or semi-static split


3. Coordination solutions for each category of capability

3.1. General principles for capability coordination solution

The intention of this section is to discuss some general principles which may impact the discussion on solutions in the following sections.
Question 2: How many nodes (i.e. LTE eNB or NR gNB) should be considered in LTE/NR capability coordination? Two or more?
It is clear that the email discussion should focus on the capability coordination between LTE and NR. However, it is not clear how many nodes should be taken into account in the LTE/NR capability coordination. Since it has been agreed that “Network has two RRC entities that can generate ASN.1”, it would be good to clarify that only two nodes, which have RRC entity, will be considered in the LTE/NR capability coordination, and the coordination should be made between the two nodes with RRC entities.
Observation 1: Only two nodes (i.e. one LTE eNB and one NR gNB) should be considered in the LTE/NR capability coordination.
Companies are invited to share views and comments on question 2 and observation 1.

	Company
	Comments

	ZTE
	We agree with the observation 1.

	Ericsson
	Agree with observation 1. This is also in line with RAN plenary agreement to down prioritise multi-connectivity with more than two nodes.

	Qualcomm
	Agree with observation 1 and Ericsson comments about down prioritization

	Nokia, Alcatel Lucent Shanghai Bell
	Agree with observation 1.

	LG
	Observation 1 is already agreed in RAN#74. However, we need to design capability coordination in a forward compatible way.

	Intel
	Agree with observation 1

	Huawei, HiSilicon
	Same view as LG, agree to consider two nodes for capability coordination, but forward compatibility should be also considered. 

	CATT
	Considering that multiple connectivity with more than 2 nodes is de-prioritised, we can agree with observation 1. 

	Convida Wireless
	Agree with Observation 1

	Samsung
	Agree with observation 1


NOTE: New question for general principles can be added here.
3.2. Potential solutions for capability coordination solution

The intention of this section is try to list all the potential capability coordination solutions on the table. 

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
More information for the alternatives solutions can be found in [1][4].For the better understanding on each solution, some examples are given in annex.

NOTE: If any new solution is proposed, please add it here.
[CATT] we have proposed in R2-167610 a solution which is a combination of solution 4 and 5. The semi-static split of capabilities is considered. However if the granted capabilities is not sufficient, each node can request additional capabilities. In case Master NB requires to reconfigure the UE with new configuration exceeding the negotiated capability (e.g. addition of a new cell), the Master NB initiates the UE capability coordination prior to the UE parameter reconfiguration. Similarly, if secondary node requires configuring the UE with new configuration exceeding the negotiated capability, the secondary node initiates the UE capability coordination prior to the UE parameter reconfiguration. 

3.3. Capability coordination solution for TYPE II capabilities

For the TYPE II capabilities, since the use of capability in one RAT cannot be understood/ predictable by the NW side of the other RAT, the capability coordination cannot be made based on the actual consumption, and some kind of hard split based solution should be used for the TYPE II capabilities, and the definition of hard-split can be found as follow:
Hard split based capability coordination: The capability will be splitted, and the splitted capability will be stored in Master-Node (i.e. MeNB or MgNB) and Secondary-Node (i.e. SeNB or SgNB) accordingly. The Master-Node(Secondary-Node) can use this splitted capability only based on the consumption of this capability in its owe RAT (i.e. The Master-Node(Secondary-Node) only need to guarantee the consumption of the capability in its RAT do not exceed the local stored splitted capability)
Observation 2: With the definition of hard split based capability coordination given above, the hard split based solution should be used for the TYPE II capabilities. 
Companies are invited to share the views and comments on observation 2 and the related definition for hard split..
Editor notes: The intention of this observation is try to reach some general agreements on the coordination for TYPE II capabilities.  In addition, with the definition of Hard-split based solution, it will be possible for us to have some further discussion on the solutions for the hard-split, even in case no consensus has been made on the capability category.

	Company
	Comments

	ZTE
	We agree with the observation 2.

	Ericsson
	Could you clarify what is meant with “Semi-static split based solution”?

If the use of capability in one RAT cannot be understood by the NW side of the other RAT, then how would the different network ensure that the UE capabilities are not exceeded. Seems to us only hard split is feasible in this case, i.e. capabilities are split such that UE capabilities are not exceeded regardless of which configuration each RAT selects.

	Qualcomm
	We agree with Ericsson principle that “UE capabilities are not exceeded regardless of which configuration each RAT selects”
We think that capabilities coordination in this inter RAT case should basically be very similar to LTE DC coordination, with the additional constraints being that: 

RAN2 aim for a solution where the master node and secondary node are not required to comprehend each others UE configuration (agreement 5 RAN#95bis)

To enable this agreement while acknowledging that there is some dependencies in terms of configuration in how capabilities are used, we think:

1. The capabilities of the two RATs are to remain independent (with some possible common subset, e.g., as defined in TYPE III)

2. The capabilities of the two RATs can be coordinated by allowing the each RAT to indicate to the RAT which capabilities it can use without needing to understand what is happening in the other RAT (TYPE II)

As such we think there needs a way to express TYPE II coordination such as solution 4 or the alternative proposed by Ericsson below.

	Nokia, Alcatel Lucent Shanghai Bell
	If the Type II capability is signalled as a hard-split, the capability coordination is simplified because the master node and secondary node can consume their portions of the signalled tight interworking capability. Additionally, we consider that each node participating in the interworking needs only know its own part of the Type II capability. We would see that some additional information can be provided for the master node to know that there is an interworking scenario possible with this Type II capability, and it is possible to invoke the corresponding interworking procedure. 

	LG
	For Type II, hard split based capability coordination can be a starting point. How to determine capability splitting can be discussed further.

	Intel
	We understand the intention. But, we would prefer to call it “explicit capability split information” instead of “hard split” or “semi-static split”. 

With this change, we agree that explicit capability split information should be used for Type II.  

	Huawei/Hisilicon
	The intention of the coordination is to avoid exceeding the UE capability. For RF, etc, capability, two RATs must have clear split, the signalling details and what capabilities should be do in this way can be further discussed.

	CATT
	As the use of type 2 capability(e.g. RF band combination) in one RAT is not understood by the NW of the other RAT, we agree that semi-static capability split based solution should be investigated for type 2 capability coordination where the change of the consumption can only be triggered by RRC procedure. 

We have a similar concern to Intel on the use of “Hard split”. We think semi-static split is more appropriate.

With regard to the definition given for “hard-split”, we think it should be possible for negotiating the split capability between the two nodes.  

	Convida Wireless
	Share the same view as LG. Hard split based capability coordination can be a starting point. How to determine capability splitting can be discussed further.

	ITRI
	We agree the principle that hard split implies each RAT only need to guarantee the consumption of the capability in its RAT do not exceed the splitted capability in its RAT.  

As for Type II capability though hard split capability coordination may be the starting point, we consider additional coordination may be involved for resource utilization (e.g., when UE moving close to or away from the Master/Secondary node)

	Samsung
	There may be some confusion about terminology (e.g. hard/ semi-static split). Anyhow, we assume that for capabilities that are not dynamic, the network nodes interact and agree a split (that may change over time) to ensure UE capabilities are respected at all times


Editor notes: The questions 3-7 are mainly focus on how to achieve the capability coordination based on the actual over all capability consumption in both RAT. And these questions can also be discussed even in case no consensuses are made on the categorization of capability.

Since the capability will be splitted in the hard-split based coordination solution, one question is which entity should be responsible for the capability splitting. Based on the solutions listed in section 3.2, three options can be identified.
Question 3: For the hard 
split based solution, which entity should make the decision for the capability splitting?

· MeNB

· SeNB
· UE
	Company
	Comments

	ZTE
	Considering the forward compatibility with multiple-connectivity, we think it should be up to MeNB to make the decision for the capability splitting.

	Ericsson
	Could you clarify what is meant with “Semi-static split based solution”?

	Nokia, Alcatel Lucent Shanghai Bell
	Given the context of the question, we are given to understand that there are 2 aspects linked to the term “capability splitting”. Firstly, the Type II capabilities are signalled by the UE. Secondly, the UE capability is signalled in a format that is convenient such that it assists the network nodes to coordinate between themselves and choose their respective configurations (e.g. the master node choses a set of carriers among a given set of tight interworking configuration combinations, based on the UE capability. The master node may further request the secondary node to make a choice from the available remaining choices for the secondary node carriers based on that interworking combination).

	LG
	We think Master NB decides capability splitting. It would be complex if UE or Secondary NB decide it because of additional signal, conflict problem, splitted parameter selection.

	Intel
	During SCG addition, MeNB should decide. After SCG addition, we should study more whether SCG can change the allowed capability for SCG. 

	Huawei, HiSilicon
	We could prefer to stick to LTE DC mechanism, i.e. the master node to make the final decision about the capability split. 

	CATT
	Initial split of capability is decided by the MeNB. The SeNB is allowed to negotiate the split capabilities. For example, if the SeNB wants add a new SCell exceeding the split capability given to the SeNB, the SeNB can request/negotiate with MeNB for more capability. 

	Convida Wireless
	Share the save understanding as Nokia

	ITRI
	We prefer to take account both network side capability split and UE side capability split before studying the signalling overhead and the efficiency of resource utilization. 

We think the master node can decide capability split and we’d like to study whether it is beneficial to allow secondary node to initiate capability re-coordination. 

	Samsung
	For tight interworking we think the Master NB decides the split, but that there is a need to exchange information (e.g. throughput) so it can actually make a proper selection 


In case the capability is splitted by NW side, and if the capability is splitted by node 1 (e.g. master-node), it is obviously that the node 1 should be allowed to adjust the splitting. However, it is not clear that whether the node 2 (e.g. secondary node) should be allowed to initiated some kind of re-negotiation procedure to require a change on the splitting.  One example is given as follow:
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Question 4: For the hard split based solution, whether the re-negotiation initiated by the secondary node (assume the splitting will be determined by master node) should be allowed?
	Company
	Comments

	ZTE
	In order to use the resources in SeNB side more efficiently, we think the SeNB should be allowed to ask for more “grants” on the capability. And how to inform MeNB the “capability application indication” can be leave to WI phases (e.g. by CP signalling or UP control frame).

	Ericsson
	Could you clarify what is meant with “Semi-static split based solution”, and what is meant with “ask for more grants on the capability”?

	Nokia, Alcatel Lucent Shanghai Bell
	We understand that the capability re-negotiation may be triggered based on network decision. The secondary node may request for reconfiguration of secondary resources. Any configuration communicated to the UE should not exceed the UE capability, i.e. the reconfiguration attempts are between the master and the secondary.

	LG
	If the UE capabilities are not exceeded, it is possible that the Secondary NB initiates the re-negotiation.

	Intel
	We think we can discuss further whether SeNB can also suggest split although MeMB should provide explicit capability split in SeNB addition.

	Huawei, HiSIlicon
	The final decision should be made by the master node. 

	CATT
	We agree that SeNB should be allowed to initiate renegotiation of split capability. For example, if the SeNB wants add a new SCell exceeding the split capability given to the SeNB, the SeNB can request/negotiate with MeNB for more capability.

	Convida Wireless 
	The final decision should be made by the master node but we SeNB should be allowed to initiate reconfiguration of the capability split…for e.g. this could be beneficial if the SeNB is serving UEs from more than one MeNB.

	Samsung
	We think that Secondary NB should be able to trigger capability negotiation as well as re-negotiation (as in LTE DC)


If the capability should be splitted at NW side, one further question is whether the two nodes need to comprehend each others’ capabilities or not.

Question 5: In order to achieve the hard-split based capability coordination, whether the two nodes need comprehend each others’ capabilities or not?

	Company
	Comments

	ZTE
	It is difficult to say whether the two nodes need to comprehend each other until we have clear understanding on the complexity of the solution which do not require the comprehension (e.g. the complexity to define the capability set?).

	Nokia, Alcatel Lucent Shanghai Bell
	Please see our answer to section 3.2 (observation 2).

	LG
	It is difficult to answer because what ‘comprehend’ means here. For coordination, shouldn’t it be necessary to comprehend other’s capability?

	Intel
	By definition, Type II assumes one RAT doesn’t need to understand/estimate other RAT’s capability usage i.e. how much capability is used by other RAT.

	Huawei, HiSilicon
	At least the master node needs to know something before configure the secondary node. 

	CATT
	Agree with Intel remark. We haven’t identified a need for comprehending the capability usage in the other node for this type of capability. 

	ITRI
	Under the scope of Type II capabilities (the use of capability in one RAT is not understood/predictable by the NW side of the other RAT), we think the two nodes (eNB and gNB) need not to comprehend each other’s capabilities.

	Samsung
	Coordination involves a number of aspects: detection of conflicts, negotiation and allocation of split. We assume detection is based on each RATs own capabilities (i.e. no comprehension) while negotiation and allocation of the split rate is by signalling across X2 (not based on comprehension of radio configuration) 


Question 6: Which solutions can be used in the hard split based LTE/NR capability coordination?

The potential solutions have been given in section 3.2, and the intention of this section is try to identify which solutions can be used for the TYPE II capability (i.e. which solutions can be used to achieve the hard-split)? 

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

· Solution 2: Coordination based on coordination assistant information reported from UE side.
· Solution 3: UE capability sets based coordination

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

· Solution 5: Capability consumption notification/Common capability across RATs based coordination 
· Solution 6: Capability application-confirmation /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
With the potential solutions above, companies are invited to identify the potential solutions which can be used in the hard-split based capability coordination.

	Company
	Solutions which require the two nodes to comprehend on each others’ capabilities
	Solutions which do not require the two nodes to comprehend on each others’ capabilities

	ZTE
	None
	Solution 1/3/4 can be used as the hard split based solution. Solution 7 can be used in the re-negotiation procedure.

	Nokia, Alcatel Lucent Shanghai Bell
	In our understanding any capability that is of Type III will require both the nodes to understand the capability and its consumption at each end. The solution 5, 6 seem to fall in this zone.
	In our understanding any capability that is of Type II will require both the nodes to understand only those parts of the capability which are specific to the RAT controlled by the given node. In addition, the capability may also contain some assistance information for configuration selection at the nodes. The solutions 1, 2, 3, 4, 7, 8 seem to loosely fall in this zone.

	LG
	It is difficult to pick specific solutions for hard-split coordination of Type II capabilities because each solution aims at solving different problems. For example, solution 3/4 seems not related to hard-split at all. 
	It is difficult to pick specific solutions for hard-split coordination of Type II capabilities because each solution aims at solving different problems. For example, solution 3/4 seems not related to hard-split at all.


Companies are invited to share the views and comments on the preference of the potential solutions for hard-split based capability coordination.
	Company
	Comments

	ZTE
	Both of the capabilities set based solution and the common definition based solution have Pros and Cons. The “capabilities set based solution” can provide a better isolation between LTE capabilities and NR capabilities thus better for the LTE/NR independent evolution. However, the definition of the capability set will be a significant challenge and it is difficult for RAN2 to understand how complex it will be unless we receive more inputs from RAN1 and RAN4. The common definition may lead to some tight relationship between the LTE capability and NR capability, and it is not clear whether the common definition is possible. So, we think it is too earlier to make the down-selection at the SI phase and it would be good to keep both of the solutions open and leave it to WI phase.

	Ericsson
	“Common definition based semi-static capability split” is neither TYPE II nor TYPE III (section 2). Actually, this confirms our concern phrased in section 2 that we should primarily discuss whether the two nodes comprehend each others’ capabilities or not. The distinction of “semi-static” and “dynamic” does not seem to bring us forward.

With regards to the solution in R2-168609, an alternative to such dependency matrix could be to follow a similar solution as in DC capability reporting, i.e. for each LTE band combination, there would be an indication of what NR band combination(s) are supported simultaneously. The indication could be an index to the NR band combination list, so no detailed knowledge is needed on the LTE side of what it means, similarly as in the dependency matrix. Which of these two approaches that is selected could be a decision that is left for WI phase, when capability reporting for NR is decided and an overhead comparison can be made.

	Qualcomm
	We agree with Ericsson and would like to further understand their alternative. We can leave the decision to the WI phase – but to conclude the SI at least it should be clear that this type of solution is needed and feasible but the specific solution can be discussed later.

	Nokia, Alcatel Lucent Shanghai Bell
	We think that the reporting of Type II capabilities for tight interworking could be managed in different ways (common container or separate information, indicator/index based approach as proposed by several companies). We could discuss potential solutions once we have a response from RAN1 and RAN4 to RAN2 LS R2-168961.  

	LG
	We think the listed solutions are just one of possible solutions. In SI phase, RAN2 needs more discussion in order to clarify each solution and it is too early make a decision.

	Intel
	We also feel we need more time to understand all options. Fro Type II, solution 3 would be needed to indicate the dependency between LTE and NR. It may be some dependency information or same capability definition (e.g. number of carriers) However, we need to understand how NR capabilities will be defined from RAN1/RAN4. It should be FFS.  

	Huawei, Hisilicon
	Same as other companies. Before make decision, we need to understand how NR capabilities will be defined. 

	CATT
	Similar to other company comments, need more discussions/ details before commenting on specific solution. In some cases combination of solutions may applied compared to individual solutions listed in section 3.2.

	Samsung
	We indeed need more input from RAN1 and RAN4. It may however be possible to agree some general characteristics that solutions should meet e.g. that UE capabilities are respected at all times.


Question 7: For the Hard split based solution, how far do we need to go in the SI phase? Do we need to choose one specific solution? Or can we leave the down selection of potential solutions to the WI phase and only capture some general agreements instead (e.g.  The semi-static split based solution should be used for the TYPE II capabilities).
	Company
	Comments

	ZTE
	Based on the comments we given in question 5, we think it is too earlier to make the down selection between the two solutions, and we propose that capture both of the two solutions in the TR, or only capture some general principles for the semi-static split instead.

	Ericsson
	To ensure good progress in WI phase it would be good to solve as many of the FFS as possible during the SI phase. It would be good to agree at least on the high level coordination solution, which could differ for different capability type, see our response to 5.

	Nokia, Alcatel Lucent Shanghai Bell
	We think it is important to discuss potential solutions in the SI phase and their relative merits/demerits. The SI could target at recommended WF for the WI.

	LG
	We think the listed solutions are just one of possible solutions. In SI phase, RAN2 needs more discussion in order to clarify each solution and it is too early make a decision.

	CATT
	We think it would be good if we can make agreements at least on the general approach to be further evaluated in SI phase.

	Samsung
	This is a difficult area and considering the short WI plan, we should progress as much as possible during SI. As a first step it should hopefully be possible to identify the main solution options/ elements/ aspects proposed so far rather than referring to particular company proposals (e.g. UE assisted, throughput based negotiation, ..)


3.4. Capability coordination solution for TYPE III capabilities

For the TYPE III capability, the hard split based coordination can also be used.  Moreover, according to the definition of TYPE III, the capability coordination can be made based on the actual use of the capability in both RAT at a certain time (e.g. the capability will be considered as some kind of common pool for both RAT).
Observation 3: For the TYPE III capability, besides the hard split, the capability coordination can also be considered based on the actual overall capability consumption (i.e. the total capability consumption in both MeNB and SeNB) at a certain time.
Companies are invited to share the views and comments on observation 3.

Editor notes: The intention of this observation is try to reach some general principles on the capability coordination for TYPE III capabilities. The observation 3 does not imply that all the TYPE III capability should be coordinated based on the actual overall capability consumption.
	Company
	Comments

	ZTE
	We agree with the observation 3.

	Ericsson
	Could you clarify what is meant with TYPE III in this context? And is it supposed to be limited to “common capabilities”, i.e., capabilities that are understood by both RATs? And if so, why is that? Couldn’t “dynamic” handling of L1 parameters also keep those parameters abstract for the other RAT?

	Nokia, Alcatel Lucent Shanghai Bell
	If we consider UL Tx power, we think this could be dynamically shared between LTE and NR. However, this results in additional signalling between the master and secondary nodes to coordinate this dynamically which may not be desirable. Which of the UE capabilities (if any) will belong to Type III can be defined e.g. based on the expected response to LS R2-168961by RAN1 and RAN4.

	LG
	In our understanding, Observation 3 means that

· Capability is initially splitted between LTE and NR (i.e., hard split based coordination). Then, whenever the actual consumption changes, by informing the changes of other side, the capability may be coordinated again.

Is it correct understanding?

	Intel 
	It is not so clear what is the meaning of capability consumption. In this Type III, one RAT should know other RAT’s capability usage (or allowed capabilities for the RAT) by understanding other RAT’s current configuration. Therefore, there is no need of explicit capability split information. 

	Huawei,HiSilicon
	Same view as Nokia.

	CATT
	It is not clear to us what it means by capability coordination can also be considered based on the actual overall capability consumption. As questioned by LG, we need to understand the meaning or intention of observation 3 first.

	ITRI
	We think capability coordination based on the actual consumption of the capabilities in a RAT is for the efficiency of resource utilization. However, frequent coordination shall be avoid. 


Editor notes: The questions 8/9/10 are mainly focus on how to achieve the capability coordination based on the actual over all capability consumption in both RAT. And these questions can also be discussed even in case no consensuses are made on the categorization of capability.

Similar as the discussion in hard-split based solution, we intend to discuss that , for the purpose of capability coordination based on the actual consumption of capability in both RAT, whether the two nodes need comprehend each others’ capabilities or not,?
Question 8: In order to achieve the capability coordination based on the actual consumption in both RAT, whether the two nodes need comprehend each others’ capabilities or not?
	Company
	Comments

	ZTE
	Comprehension of each other’s capability is not a mandatory requirement for the capability coordination based on the actual consumption in both RAT. However, comprehension of each other’s capability may save the complexity.

	Nokia, Alcatel Lucent Shanghai Bell
	In our understanding, Type II semi-static split capabilities only require the master node to understand the capabilities of the RAT it controls. As far as the Type III capabilities are concerned, any capability belonging to this type has the same interpretation across both the RATs (a simple example for this is the UL transmission power signalled in dBm).

	LG
	It is difficult to answer because what ‘comprehend’ means here. For coordination, shouldn’t it be necessary to comprehend other’s capability?

	Intel
	The issue on UE capability reporting for LTE and NR tight interworking should be common for both Type II and Type III i.e. we need to discuss how to define UE capability information if the capability can be shared between LTE and NR. One way would be to define same (or common) UE capability including both LTE and NR or the other way is to define some dependency information. 

	CATT
	We have similar view to Nokia that TYPE 3 capabilities would have similar interpretation in both RATs.  We would like t understand the need for comprehending the other RAT capability usage in this context.

	ITRI
	If the node which is responsible for capability splitting comprehends the capabilities of the other RAT, as a result LTE and NR need to comprehend the capabilities of each other. For Type III the standardization effort to identify the capabilities that could be mutual understood by LTE and NR would be needed.

	Samsung
	We think that in general comprehension of “each others” capabilities should not be required


Question 9: Which solutions can be used in the capability coordination based on the actual capability consumption in both RAT?

The potential solutions have been given in section 3.2, and the intention of this section is try to identify which solutions can be used for the capability coordination based on the actual consumption in both RAT?
· Solution 1: Coordination based on UE initiated capability update indication.

· Solution 2: Coordination based on coordination assistant information reported from UE side.
· Solution 3: UE capability sets based coordination

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

· Solution 5: Capability consumption notification/Common capability across RATs based coordination 
· Solution 6: capability application-confirmation /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
With all the potential solutions above, companies are invited to identify the potential solutions which can be used in the capability coordination based on the actual consumption in both RAT.

	Company
	Solutions which require the two nodes to comprehend on each others’ capabilities
	Solutions which do not require the two nodes to comprehend on each others’ capabilities

	ZTE
	The comprehension is needed in option 8 for the capabilities which can be shared.
	Solution 2/5/6/7 can be used in the coordination based on actual consumption.

	Nokia, Alcatel Lucent Shanghai Bell
	In our understanding any capability that is of Type III will require both the nodes to understand the capability and its consumption at each end. The solution 5, 6 seem to fall in this zone.
	In our understanding any capability that is of Type II will require both the nodes to understand only those parts of the capability which are specific to the RAT controlled by the given node. In addition, the capability may also contain some assistance information for configuration selection at the nodes. The solutions 1, 2, 3, 4, 7, 8 seem to loosely fall in this zone.

	LG
	It is difficult to pick specific solutions for consumption based coordination of Type III capabilities because each solution aims at solving different problems. For example, solution 3/4 seems not related to how to split at all. 
	It is difficult to pick specific solutions for consumption based coordination of Type III capabilities because each solution aims at solving different problems. For example, solution 3/4 seems not related to how to split at all.


Companies are invited to share the views and comments on the preference of the potential solutions for the capability coordination based on the actual consumption in both RAT.
	Company
	Comments

	ZTE
	The solution based on capability requirement & confirmation can avoid the capability collision, however the capability requirement & confirmation procedure may introduce some extra delay for the overall procedure and the extra delay may cause some data interruption or mobility failure. In order to save the extra delay, some implementation based solution can be used by SeNB to reserve the capability earlier by on some kind of forecasting.
The “capability consumption notification” based solution can save the capability coordination delay. However, since there is no coordination before the RRC procedure, some capability collision may be caused. 
The “UE initiated capability update indication” based solution may save the capability coordination procedure over the LTE-NR interface. However, frequently capability update procedure may be introduced for the purpose of capability coordination. In addition, similar as the “capability consumption notification” based solution, since there is no capability coordination before the RRC procedure, some capability collision may be caused.
Based on the consideration above, we think maybe we can exclude the UE based solution (i.e. “UE initiated capability update indication”), and focus on the NW based capability coordination (i.e. coordination over the LTE-NR interface). For the “capability requirement & confirmation based solution” and “capability consumption notification based solution”, considering the capability requirement & confirmation delay over LTE-NR interface can be saved by implementation based solution, we think the “capability requirement & confirmation based solution” can be considered as baseline for LTE/NR tight interworking.

	Ericsson
	Regarding the first two figures (figure 3 and 4) on “dynamic share based on capability requirement & confirmation” and “dynamic share based on capability consumption update”, our understanding is that UE capability coordination should always be performed before UE reconfiguration, which also avoids the two step reconfiguration of the UE in the figures. For this purpose, we think the baseline procedure for LTE-NR interworking should be the LTE DC procedures for SeNB addition, release and modification (MeNB and SeNB initiated) procedures listed in 36.300.

Regarding the last figure on “UE initiated capability update indication”, the example shown here seems to suggest that the UE would report changed NR capabilities based on a change in the LTE configuration. We agree with ZTE that this may cause capability collision. In case the consumption of shared UE capabilities is reduced from a change in the LTE configuration, the UE could inform the NR side of this in the proposed UE capability update. However, for the case where the consumption of shared UE capabilities is increased due to a change in the LTE configuration, this could cause a UE capability conflict, where the UE capabilities are exceeded and then the UE will reject the reconfiguration and release the RRC connection. Thus, the network needs anyway prior to reconfiguration to coordinate capabilities to check that UE capabilities are not exceeded.

To summarize, our understanding is that the UE initiated capability update is not needed, and should rather be handled by capability coordination on the network side, to avoid the UE capabilities are not exceeded before sending the configuration to the UE.

Generally, we also believe that the direct reconfigurations by the SeNB (bypassing MeNB) complicate the procedures and bear a risk of race conditions and conflicts.

	Nokia, Alcatel Lucent Shanghai Bell
	We see that network based coordination of configurations should apply primarily, but additionally one simple mechanism for UE to dynamically update its capabilities can be considered. We agree the guideline that the network must take care not to exceed the UE capabilities at any time.

	LG
	We think the listed solutions are just one of possible solutions. In SI phase, RAN2 needs more discussion in order to clarify each solution and it is too early make a decision.

	Intel
	We think UE initiated capability information can be discussed separately not directly related to capability coordination by network. It can be actually used as additional coordination mechanism in addition to network coordinated capabilities. Both coordination would be beneficial depending on capabilities or scenarios. Therefore, we should discuss separately, and we can focus first on network based coordination for convenience of this email discussion 



	Huawei, HiSIlicon
	We need to identify what capabilities fit into type 3 first, and then to understand how to handle it. For instance if it is UL power, and if RAN1 agreed to reuse DC solution, then network based coordination + UE feedback. 

	CATT
	Agree with Huawei that we need to understand what UE capability parameters maped into TYPE3. And also we need to consult other WGs (RAN1 and RAN4) on UE capability definition for NR.

As commented earlier, some solution listed in section 3.2 could be used in combination. 

	Samsung
	Similar view as Huawei


Question 10: For the capability coordination based on the actual capability consumption in both RAT, how far do we need to go in the SI phase? Do we need to choose one specific solution? Or can we leave the down selection of potential solutions to the WI phase and only capture some general agreements instead (e.g. the capability coordination based on the actual capability consumption in both RAT should be supported for TYPEIII capability)?

	Company
	Comments

	ZTE
	Based on the comments we given in question 7, we propose to take the “capability requirement & confirmation based solution” as baseline for the dynamic share.

	Ericsson
	See our response to 7.

	Nokia, Alcatel Lucent Shanghai Bell
	At this point of time, we could first target at defining commonly agreeable capability types, with the help of the expected LS response, and identify the solution alternatives with their pros and cons, rather than fixing any  details of each solution candidate.

	LG
	We think the listed solutions are just one of possible solutions. In SI phase, RAN2 needs more discussion in order to clarify each solution and it is too early make a decision.

	CATT
	Need further detail. We think the discussion in SI should at least target to reach agreements on general approach on the capability coordination.


4. Conclusion
Ten companies joined the email discussion, and the summary of the questions discussed in the email discussion can be found as follow:

Summary for Question 1: How to define the categories of capabilities for the LTE/NR capability coordination? 

No conclusion can be made for this question. During the discussion, the following alternative definitions are proposed:

· Define the category based on whether the use of capability can be known or understood by the other Node.

· Define the category based on the network coordination point of view:

· “hard or semi-static”  or “dynamic”
· “explicit capability split” or “implicit coordination”
It seems companies do not have common understanding on the words such as “hard split”, “semi-static split”, “dynamic split” , “explicit split”, we think more discussion is needed.

Summary for Question 2: How many nodes (i.e. LTE eNB or NR gNB) should be considered in LTE/NR capability coordination? Two or more?

Companies agree that only two nodes (i.e. one LTE eNB and one NR gNB) should be considered in the LTE/NR capability coordination and the multi-connectivity with more than two nodes can be de-prioritized.
Proposal 1: Only two nodes (i.e. one LTE eNB and one NR gNB) need to be considered in the LTE/NR capability coordination. The forward compatibility with multiple nodes can also be considered.
Definition of hard split 

Hard split based capability coordination: The capability will be splitted, and the splitted capability will be stored in Master-Node (i.e. MeNB or MgNB) and Secondary-Node (i.e. SeNB or SgNB) accordingly. The Master-Node(Secondary-Node) can use this splitted capability only based on the consumption of this capability in its owe RAT (i.e. The Master-Node(Secondary-Node) only need to guarantee the consumption of the capability in its RAT do not exceed the local stored splitted capability)
The definition of hard split given above has been discussed. Although no conclusion has been made on the definition, lots of companies think the hard split can be considered as a start point. Considering some comments are only related to the name of this kind of solution (e.g. explicit split, semi-static split), we think it may be possible to reach an agreement in the online discussion.
Summary for Question 3: For the hard split based solution, which entity should make the decision for the capability splitting?

It seems majority companies think it should be up to MeNB to make the decision for the capability splitting. It has also been indicated that it is possible to have a two step solution that the MeNB can provide multiple splitted capability sets to SeNB and SeNB is allowed to select one of them. Considering in the two-step solution, the MeNB is also need to make the splitting, we think we can try to agree on the proposal as follow:

Proposal 2: If the splitting of capability is needed, it is up to master node to make the decision on the capability splitting.
Summary for Question 4: For the hard split based solution, whether the re-negotiation initiated by the secondary node (assume the splitting will be determined by master node) should be allowed?
It seems that majority companies think the SeNB should be allowed to initiate the re-negotiation of splitted capability, and with the re-negotiation request, it is up to MeNB to make the final discussion. So, we think we can try to agree on the proposal as follow:

Proposal 3: If the capability is splitted, the secondary node is allowed to initiate the re-negotiation of splitted capability, and with the re-negotiation request from secondary node, it is up to master node to make the final discussion.
Summary for Question 5: In order to achieve the hard-split based capability coordination, whether the two nodes need comprehend each others’ capabilities or not?
No conclusion can be made.
Summary for Question 6: Which solutions can be used in the hard split based LTE/NR capability coordination?
Companies think more input from RAN1 and RAN4 is needed, thus no conclusion can be made.
Summary for Question 7: For the Hard split based solution, how far do we need to go in the SI phase? Do we need to choose one specific solution? Or can we leave the down selection of potential solutions to the WI phase and only capture some general agreements instead (e.g.  The semi-static split based solution should be used for the TYPE II capabilities).

Companies think more study is needed in SI phase.
Summary for Question 8: In order to achieve the capability coordination based on the actual consumption in both RAT, whether the two nodes need comprehend each others’ capabilities or not?
No conclusion can be made.

Summary for Question 9: Which solutions can be used in the capability coordination based on the actual capability consumption in both RAT?
No conclusion can be made. Companies think need to identify what capabilities fit into type 3 first. And more discussion on the solutions may also need.
Summary of Question 10: For the capability coordination based on the actual capability consumption in both RAT, how far do we need to go in the SI phase? Do we need to choose one specific solution? Or can we leave the down selection of potential solutions to the WI phase and only capture some general agreements instead (e.g. the capability coordination based on the actual capability consumption in both RAT should be supported for TYPEIII capability)?
Companies think more study is needed in SI phase.
Based on the summary above, RAN2 is kindly asked to discuss and adopt the following proposals:
Proposal 1: Only two nodes (i.e. one LTE eNB and one NR gNB) need to be considered in the LTE/NR capability coordination. The forward compatibility with multiple nodes can also be considered.
Proposal 2: If the splitting of capability is needed, it is up to master node to make the decision on the capability splitting.
Proposal 3: If the capability is splitted, the secondary node is allowed to initiate the re-negotiation of splitted capability, and with the re-negotiation request from secondary node, it is up to master node to make the final discussion.
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6. Annex: Examples for the potential solutions

6.1. Solution 1: Coordination based on UE initiated capability update indication
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Figure 5: Example for the dynamic share based on UE initiated capability update indication
Step 1. MeNB initiate the RRC procedure based on the stored UE capability.

Step 2. Once the UE detect any consumption of dynamic shared capability caused by the RRC procedure in LTE, the UE should initiate an UE capability update procedure to inform NR SgNB the change of capability. With this information, the NR SgNB should update the stored UE capability in NR SgNB side.

Step 3. Based on the stored UE capability, the NR SgNB can initiate the RRC procedure directly.

Step 4: Once the UE detect any consumption of dynamic shared capability caused by RRC procedure in NR, the UE should initiate an UE capability update procedure to inform MeNB the change of capability. With this information, the MeNB should update the stored UE capability in MeNB side.

6.2. Solution 2: Coordination based on coordination assistant information reported from UE side
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The LTE MeNB and NR SgNB store the LTE capability container/ NR capability container accordingly.

UE report the capability coordination assistant information to both MeNB and SeNB. With the capability assistant information, the MeNB/SeNB can derive/predict the capability consumption in the other node, and thus both the MeNB and SeNB can use the capability based on the overall consumption at a certain time.  For example, similar as DC, the UE can report the PHR for both the LTE cell and NR cell to both MeNB and SeNB. With this information, the MeNB/SeNB can make the scheduling accordingly.

6.3. Solution 3: UE capability sets based coordination:
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Figure 1: Example for the capabilities set based semi-static capability split
Step 1. UE send the UE-LTE-Capability and UE-NR-Capability to LTE eNB by means of capability container.  
· In addition to the current format of capability, each container identifies capability sets for the RAT. For example, LTE band combinations for low bands may be grouped into one or more sets, and similar for mid and high bands. 

· The container also includes a dependency matrix as described in (R2-168609) which identifies which combinations in each set of LTE is compatible with each set in NR.
Step 2. Once the LTE MeNB receive the capabilities, the LTE MeNB should make the decision on the semi-static capability split by selecting one capability set within the UE-LTE-Capability container, and inform the NR SgNB which capability set is selected. With this information, the NR SgNB should select the corresponding capability set within the UE-NR-Capability based on the dependency matrix.

6.4. Solution 4: Semi-static capability split at NW based coordination
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Figure 2: Example for the common definition based semi-static capability split
Step 1. UE send the UE-LTE-Capability and UE-NR-Capability to LTE eNB by means of capability container.  In the containers, the definitions of some capabilities are common and can be understand by both LTE and NR (e.g. L2 buffer).

Step 2. Once the LTE MeNB receive the capabilities, the LTE MeNB should make the decision on the semi-static capability split based on the common definition and inform the NR SgNB the splitting result. With this splitting result, the NR SgNB should determine the corresponding capabilities on NR side.

6.5. Solution 5: Capability application-confirmation /Common capability across RATs based coordination 
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Figure 3: Example for the dynamic share based on capability requirement & confirmation
Step 1&1’: Whenever the NR SgNB want to use the dynamic shared capabilities, the NR SgNB should initiate the “capability coordination require” procedure to require the capability from MeNB side. And once the capability required is allowed by the MeNB, the MeNB should send the “Capability coordination confirm” to NR SgNB.

Step 2: With the confirmation from MeNB side, the NR SgNB can use the related capability and initiate the related RRC procedure.

6.6. Solution 6: Capability consumption notification /Common capability across RATs based coordination 
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Figure 4: Example for the dynamic share based on capability consumption update
Step 1: The MeNB initiate the RRC procedure based on the stored capability and capability consumption information.

Step 2: Once any dynamic shared capability is consumed in MeNB side, the MeNB should initiate a UE capability consumption update procedure over Xn interface to inform the NR SgNB the update of the consumption on the dynamic shared capabilities. And once the update information is received by NR SgNB, the NR SgNB should update the stored capability consumption information.

Step 3: With the stored capability and capability consumption information, the NR SgNB is allowed to initiate the RRC procedure directly. 

Step 4: Once any dynamic shared capability is consumed in NR SgNB side, the SgNB should initiate a UE capability consumption update procedure over Xn interface to inform the MeNB the update of the consumption on the dynamic shared capabilities. And once the update information is received by MeNB the MeNB should update the stored capability consumption information.

NOTE: It is not necessary to standardize the timing relationship between the RRC procedure over UU (step 1/3) and the consumption update procedure over the Xn interface (step 2/4). It’s up to implementation. 
6.7. Solution 7:
Conflicts indicated in UE capabilities, throughput based negotiation across Xn (R2-165044)

In R2-165044, two parts have been identified

a) detection of configuration dependencies/ conflicts and 
b) conflict resolution/ negotiation
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Fig. 4.3.6-1: Detection of UE capability dependencies/ conflicts
Each node detects dependencies based on their own capabilities. I.e. the LTE capabilities include information about 5G i.e. for each LTE bands or band combinations, there is a list of 5G band (or band combinations) that cannot be supported simultaneously (i.e. if the concerned 5G band or band combination would be configured, the concerned LTE band or band combination cannot be supported anymore). The 5G capabilities include the similar information about conflicting LTE bands (and/ or band combinations)
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Fig. 4.3.6-2: Example of UE capability dependencies/ conflicts resolution for SN initiated modification
In case there are configuration dependencies and there is a need to select between different configuration options (e.g. whether to extend aggregation on LTE or on NR side), the MN decides (as in LTE DC). As the MN should not have be aware of NR particulars/ characteristics, the negotiation would be based on achievable throughput. I.e. The MN requests SN to configure aggregation on NR side while it can ensure a certain achievable throughput
6.8. Solution 8: Coordination container/Common across RATs configuration based coordination (R2-168507)
In this approach, the configuration fields that require coordination are included in a separate container that is exchanged between the nodes.  Similarly, the UE capability is also split into shared part that is provided to both the nodes by the UE along with the RAT specific capabilities in the other containers.  This has the benefit that the nodes have to implement, comprehend and check only a few fields that are shared between the RATs.  Further, 3GPP can discuss the fields that need coordination to be included in that container thereby greatly reducing the risk of multi-vendor interoperability issues. 

Such separate containers for sharing will allow more independent evolution of the two RATs and corresponding implementations.  For example, it is even possible for NR and LTE RRC implementations to be of different RRC releases as long as the coordination container can take that into account.  Or for UE to have LTE and NR protocol stacks from different 3GPP releases.

Note that this shared container is only used for inter-network node information exchange and never sent to the UE.  This is shown in figure below.
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�To avoid confusion, we change “semi-static” to “hard” as you use for Observation 2.
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