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1 Introduction

This contribution provides further information regarding a potential solution for handling UE capability coordination i.e. one based on dynamic UE capabilities. This solution is primarily suggested for non-coordinated network cases. The key characteristics of the solution are as follows:

· 
The UE may change its capabilities by requesting temporary suspension
· 
The capability update procedure (suspension/ resumption) includes throughput based negotiation (to allow network control of UE and system performance)
This contribution provides further details regarding possible message sequences and includes several proposals (including a proposal about characteristics any UE capability coordination for the non-coordinated network case should meet). 
2 Discussion
2.1 General solution characteristics/ requirements
This paper is based on the following assumptions/ starting points as discussed in our earlier paper [1], and touched in the previous RAN2 email discussion [2]:

Proposal 1: Support coordination of shared/ dependent UE capabilities meeting the following general characteristics:
a) Support the principle that the network respects UE capabilities (i.e. does not merely try something, with the UE rejecting if it cannot comply, and possibly providing assistance to facilitate retry)
b) Support a semi-static configuration (split) of the shared/ dependent capabilities

c) Support means for the network to select/ negotiate a configuration taking UE and system performance into account

d) Support symmetrical interaction between the involved nodes i.e. not requiring one node to be master/ deciding/ overall responsible (non-coordinated network case)
2.2 Dynamic UE capabilities, general starting points

Before evaluating the aspects related to UE capability coordination, we like to discuss some more general aspects 

· 
We think the RAN should always know the complete UE capabilities. Hence we think dynamic change would is best modelled by temporary suspension of certain capabilities

· 
We assume the UE would not indicate unavailability of capabilities unless there is a real need, as it would merely hurt itself. From this perspective, network configuration does not seem essential but merely an enhancement.
· 
When initially providing its capabilities, the UE may indicate that a part of the capabilities are suspended (used for another connection).
Figure 1 shows a high level outline of the dynamic UE capability update procedure.
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Fig. 1: Initial capability retrieval (with immediate suspension)
Clarification of steps in message sequence (fig. 1)

1) Network initially requests certain UE capabilities

2) UE responds by providing the requested capabilities, possibly indicating that some are suspended

Some remarks regarding the subsequent UE capability changes:

· 
When subsequently the capabilities are modified, there seems to be 2 cases:

· Compatible: Indication of resumptions and of suspensions of capabilities that are currently available/ unused.

· Incompatible: There seem to be 2 different/ related cases:

· UE may request to suspend capabilities that are currently unavailable/ in use. The network may or may not accept such suspension request (i.e. which may involve some negotiation, see next section).

· The network may request to resume capabilities that are currently suspended. In this case the UE should interact with the other network (node) it is connected to, which may or may not accept the corresponding capability suspension

Figure 2 shows a high level outline of the subsequent UE capability changes.
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Fig. 2: UE initiated suspension (left), Network initiated resumption (right)
Clarification of steps in message sequence (fig. 2, left)

3) UE indicates updated UE capabilities (further suspensions and/ or resumptions)
4) Network confirms the request from the UE, possibly following a reconfiguration (i.e. when the capabilities for which suspension is requested are not available but required for the current configuration)
Or (fig. 2, right)
3) Network requests UE capabilities including request for resumptions (shown by suspension info)
4) UE confirms the resumption of the formerly suspended capabilities, possibly following a reconfiguration on its other connection (i.e. when the capabilities for which resumption is requested are not available but required for the current configuration on that connection and hence require suspension of capabilities on that other connection)
Further notes

· One could debate whether a confirmed flow is required in case the UE requests suspension of capabilities that are currently available/ unused. It is noted that such confirmed flow would avoid resolution of a collision with the network allocating a configuration requiring the concerned capability. In case the UE indicates resumption, a confirmed flow seems to have no real benefit.
· The message names shown in the above sequences are merely provided to illustrate the proposal i.e. other options can be considered
Based on the analysis in this section, we propose:

Proposal 2: A solution based on dynamic UE capability updating should meet the following general characteristics

a) Capability updates are handled by separate signalling indicating that some capabilities are (temporarily) suspended 

b) Network configuration is not required
2.3 UE assisted capability coordination
Coordinating the UE capabilities by the dynamic capability update solution is primarily suggested for cases in which network coordination is difficult to realise. Correspondingly, we assume that the level of capability coordination would be limited i.e. at most covers the aspects discussed for tight interworking (i.e. conflicting bands/ BCs, L2 buffer size)

In this section we address some further aspects, mainly evaluating if this UE based solution could meet the general characteristics as reflected in proposal 1, and in particular addressing the following aspects:

i. 
How to handle the case a first node wants to take a larger piece of the UE capabilities, in case this requires the second involved node to reduce its piece

ii. 
How can the network still play its role in ensuring UE as well as overall system performance

An example of i. is that the first node wants to resume a band/ BC that is suspended due to a band configured by the second node that is involved. In such case, the first node would request resumption. In response the UE would request suspension of the corresponding capability (band) to the second network node. We think that, to enable the network to control UE and system performance (as indicated by ii.), the procedure should include some throughput based negotiation.

We assume such throughput based negotiation/ evaluation mainly needs to be performed when a conflict is to be resolved. Such information is signalled in a one-shot rather than a continuous fashion. For any subsequent evaluation, we assume it should be possible to re-use other more general purpose mechanisms that are available e.g. inter-node load exchange, flow control.

A potential realisation based on these proposals is illustrated for the example discussed in the previous, see figure 3.
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Fig. 3: Throughput based negotiation based on dynamic UE capability updates
Clarification of steps in message sequence

1) A first network node requests resumption of a supported band/ BC that is currently suspended, indicating the throughput gain it expects to realise
2) The UE requests the second network node to suspend any conflicting bands/ BCs, forwarding the expected throughput gain

3) If the second network node cannot meet the indicate throughput by the conflicting bands/ BCs for which the UE request suspension, the second network node confirms the requested suspension. This confirmation is done together/ following the corresponding modification of the current configuration (i.e. second network node may need to release cell(s) associated with any of the conflicting bands/ BCs)

4) Upon receiving the suspension confirmation, the UE confirms the requested resumption towards to first network node
5) The first network node initiates a reconfiguration procedure, to take the just resumed (but formerly suspended) UE capability into use e.g. by configuring one or more additional cells
Some further solution details, and a corresponding proposal:

· 
It is evident from the example above that the second network node should be able to reject the suspension request i.e. when it can provide a higher throughput by means of the capability for which suspension is requested.

· 
We think the UE should not have to cope with a configuration that is (temporarily) not supported due to dynamic UE capability updates. In the message sequence above, the UE thus confirms resumption after receiving the suspension confirmation
Proposal 3:
A solution based on dynamic UE capability updating should meet the following additional characteristics

a) The level of capability coordination would be limited (i.e. not very tight interworking). I.e. at most covers the aspects discussed for tight interworking (i.e. conflicting bands/ BCs, L2 buffer size)
b) Dynamic capability updating should facilitate (throughput based) negotiation, so the network can select/ negotiate a configuration taking UE and system performance into account

c) The network may reject a capability suspension request i.e. to support throughput based negotiation

d) The UE should not be required to temporarily cope with a configuration not respecting its UE capabilities

2.4 Further considerations
In this section we will discuss how the UE assisted coordination compares to a purely network based coordination as discussed for tight interworking. I.e. a solution in which the UE is not involved in the coordination/ negotiation. Some remarks:

· 
The two approaches seem to be functionally equivalent. The main difference is in message sequence/ signalling i.e. in case of network coordination the resume request/ suspend request would be replaced by an confirmed interaction across Xn message. I.e. the UE assisted mechanism (dynamic capabilities) mainly involves additional signalling and the associated delays there are two separate reconfigurations rather than one procedure with joint success/ failure i.e. there are two separate procedures rather than one with joint success/ failure. Furthermore, the UE assistance/ involvement implies that a part of the burden/ complexity is moved towards the UE

· 
Another question is which capabilities are to be stored within the network (CN). As we propose that dynamic updating does not affect RAN’s knowledge of the full capabilities, this is an issue that can be resolved independently

Altogether we thus propose:
Proposal 4:
RAN2 is requested to consider UE assisted capability coordination (i.e. by dynamic capabilities), at least for the non-coordinated network case 
Proposal 5: RAN2 is requested to confirm the following additional characteristics for coordination based on dynamic UE capability updating

a) Dynamic capability updating should not affect the storing of UE capabilities within the network

3 Conclusion
In this contribution we have discussed UE capability coordination based on dynamic UE capabilities. RAN2 is requested to discuss and conclude the following related proposals:
Proposal 1: Support coordination of shared/ dependent UE capabilities meeting the following general characteristics:

a) Support the principle that the network respects UE capabilities (i.e. does not merely try something, with the UE rejecting if it cannot comply, and possibly providing assistance to facilitate retry)

b) Support a semi-static configuration (split) of the shared/ dependent capabilities

c) Support means for the network to select/ negotiate a configuration taking UE and system performance into account

d) Support symmetrical interaction between the involved nodes i.e. not requiring one node to be master/ deciding/ overall responsible (non-coordinated network case)
Proposal 2: A solution based on dynamic UE capability updating should meet the following general characteristics

a) Capability updates are handled alongside the regular (full) capabilities i.e. by separate signalling indicating that some capabilities are (temporarily) suspended 

b) Network configuration is not required
Proposal 3:
A solution based on dynamic UE capability updating should meet the following additional characteristics

a) The level of capability coordination would be limited (i.e. not very tight interworking). I.e. at most covers the aspects discussed for tight interworking (i.e. conflicting bands/ BCs, L2 buffer size)
b) Dynamic capability updating should facilitate (throughput based) negotiation, so the network can select/ negotiate a configuration taking UE and system performance into account

c) The network may reject a capability suspension request i.e. to support throughput based negotiation

d) The UE should not be required to temporarily cope with a configuration not respecting its UE capabilities

Proposal 4:
RAN2 is requested to consider UE assisted capability coordination (i.e. by dynamic capabilities), at least for the non-coordinated network case 
Proposal 5: RAN2 is requested to confirm the following additional characteristics for coordination based on dynamic UE capability updating

a) Dynamic capability updating should not affect the storing of UE capabilities within the network

4 Reference
[1] R2-1700129 Coordination of band combinations in IRAT DC (Samsung)

[2] R2-167065, Report of e-mail discussion [95#30] Capability coordination for NR and LTE (Qualcomm Corporation, rapporteur)
[3] TS 36.331, RRC Specification

1/5


_1545049157.vsd
UE


Network


3. UE capability info (suspend req)
>Suspension info



_1545051269.vsd
UE


NN1



_1543939721.vsd
UE


Network


2. UE capability info
>Network requests
>UE capabilities, suspension info



