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1 Introduction

This contribution discusses the network control for UE capability suspension, in particular focusing on suspension confirmation and resumption request. It is recommended that the newly introduced dynamic UE capability update mechanism should be flexible enough to facilitate addition of future use cases.
2 Discussion
2.1 Starting points

During RAN2#97 several agreements were achieved regarding temporary suspension of NR UE capabilities. 
Agreements:

1: following issues should be considered in NR design (e.g. capabilities) with general solution:


Issue 1: Hardware sharing between NR and other things, e.g. WLAN, BT, GPS, etc 


Issue 2: Interference between NR and other things, e.g. WLAN, BT, GPS, etc; 


Issue 3: Exceptional UE issues (e.g. overheating problems)

2: The UE radio access capabilities are static and the change is just to temporarily (e.g. under network control) limit the availability of some capabilities, e.g. due to hardware sharing, interference or overheating. 

FFS To which capabilities it may apply and how the limitation is expressed to the gNB.

3: The temporary capability restrict should be transparent to the NG core, i.e. only static capability is stored in the NG core.

4: The UE signals the temporary capability restriction request to the gNB.

This contribution discusses the aspect of network control.
2.2 Use of suspension confirmation and resumption request
Some general aspects regarding the suspension of UE capabilities:

· 
We assume the UE would not request suspension 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: Request to suspend capabilities that are not required to support the current NR configuration.

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

· UE may request to suspend capabilities that are required to support the current NR configuration. The main question is whether the network should be able to reject such a suspension request.

· Another question is whether the network should be able to order resumption of capabilities that are currently suspended.
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 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. This may require the UE to stop or modify some other activities the UE is currently performing
Some further considerations:

· Some capabilities, for which suspension is requested, would require the gNB to perform a reconfiguration. I.e. for such cases, the UE can observe whether or not its suspension request was actually honoured by the network. Some other capabilities however merely affect network operation e.g. the scheduling of data towards the UE. In such cases an explicit confirmation would enable the network to indicate whether the UE is allowed to use the concerned capability for other purposes. Without such indication, there may be a risk that NR communication is affected e.g. when the UE immediately suspends while the network does not (immediately) adjust operation or only honours the request partially
· We think that suspension confirmation and resumption requests could in some cases make it possible to maximise the UE’s or the overall system throughput. E.g. it may facilitate the decision whether or not it is preferable for the operator’s WLAN to use the shared UE capability. This may be the case in case re-allocating the shared capability from NR to WLAN would result in a higher throughput. I.e. suspension confirmation and resumption request would allow some kind of capability coordination without direct communication between the network entities sharing the capability.  

· It would be beneficial of the solution introduced in the first release of NR can be extended to cover additional use cases. This may require some further study in particular regarding the use of suspension confirmation and resumption request.
Based on the analysis in this section, we propose:

Proposal: RAN2 is requested to discuss and conclude on the need to introduce suspension confirmation and resumption request in NR phase 1, considering that future use cases should not be ruled out
3 Conclusion
In this contribution we network control of UE capability suspension. RAN2 is requested to discuss and conclude the following related proposals:
Proposal: RAN2 is requested to discuss and conclude on the need to introduce suspension confirmation and resumption request in NR phase 1, considering that future use cases should not be ruled out
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5 Negotiation of UE capability suspension (Annex)

<Earlier included in [2]>

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
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