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1 Introduction

In the email discussion [1], it was expressed by several companies that the signalling to indicate a UE overheating condition should have low overhead.  This document looks at some approaches to controlling the signalling overhead.
2 Discussion
Signalling formats

Baseline approach
A basic solution to the signalling design would include new versions of the UE capabilities that can be indicated for change under overheating conditions:
· UE category including MIMO support

· CA band combination support

If done without introducing new ASN.1 structures (that would partly, but not completely, mirror the existing structure in the UE capability), this would mean sending temporary versions of the UE-Category and the RF-Parameters.  A temporary category is probably acceptable for signalling overhead, but RF-Parameters is a large IE with a complex structure, with different spec versions resulting in multiple layers of extensions, and might be considered as excessive overhead.  Thus it seems needed to consider a more efficient signalling approach.

Observation 1: Signalling a new UE-Category and RF-Parameters has full flexibility of signalling and minimises duplication of ASN.1, but may be considered as excessive overhead.
Signalling of specific IEs within RF-Parameters
The signalling of the UE category is straightforward, but as noted the RF-Parameters IE has some complexity.  Its various extended versions contain the following IEs:

· SupportedBandListEUTRA (and its many extended versions)

· SupportedBandCombination (and its many extended versions)

· SupportedBandCombinationExt
· SupportedBandCombinationAdd (extended in v11.d.0, v12.5.0, v13.2.0, and v14.3.0)

· modifiedMPR-Behavior
· multiNS-Pmax
· freqBandRetrieval

· requestedBands

· freqBandPriorityAdjustment

· eNB-RequestedParameters

· maximumCCsRetrieval

· skipFallbackCombinations

· reducedIntNonContComb

· supportedBandCombinationReduced (also extended in v13.2.0 and v14.3.0)
· diffFallbackCombReport

Not all of these IEs need to be signalled to support the UE overheating use case.  It seems that only the SupportedBandListEUTRA (and extensions) and the various SupportedBandCombination IEs are needed to indicate a reduction in CA support; the rest of the parameters could be omitted from the overheating indication.  When the extensions are considered, however, the signalling is still significant and the complexity to specify the needed subset of IEs would also be significant.

Observation 2: Extracting specific IEs from RF-Parameters has full flexibility of signalling, but creates an ASN.1 structure of significant complexity that partially duplicates the UE capability.
Signalling of supported release

As a shortcut to signalling reduced support, we suggest that the UE could indicate a release to fall back to, rather than a complete list of supported band combinations (which anyway would represent a subset of the per-release IEs that were already signalled).  For example, a UE overheating because of too many carriers could indicate to fall back to its already indicated Rel-11 support, and so shed any bands and band combinations for which it indicated support under BandParameters-r13, BandCombinationParameters-v1250, BandCombinationParameters-r13, and so on.  This would also have the effect of reducing the UE category to a Rel-11 category (which again was already signalling as part of the UE capability).
The resulting signalling format would be admirably compact, simply an instance of AccessStratumRelease which is a 3-bit enumeration.  The cost would be a somewhat coarse granularity to the reductions that can be requested.  This could be ameliorated at the cost of some signalling complexity, by indicating a particular spec version instead of a release (e.g. v10.9.0 instead of Rel-10).  There is some precedent for such an approach in the ue-ConfigRelease field of HandoverPreparationInformation.
Observation 3: Signalling a fallback AS release allows for highly compact signalling of the overheating indication, but limits the flexibility of the signalling.  Indicating a fallback spec version has more flexibility at the cost of more signalling complexity.
Proposal 1: RAN2 are requested to discuss among the considered options for signalling the reduced UE capability:

1. Signal a new copy of UE-Category and RF-Parameters in their entirety

2. Extract the specific IEs subject to change from RF-Parameters, and define a new structure containing only these.

3. Signal an earlier system release or version to fall back to.

Handover

During the email discussion, it was noted that the handover case also needs to be considered, i.e. since the temporary capability is stored by the eNB rather than the MME, the target eNB would not automatically receive it during handover.  This could mean that the target cell configures the UE according to its full capability, unwittingly bringing back the overheating problem.

If nothing is done, the expected behaviour would be for the UE to again indicate the overheating to the new serving eNB after the handover, provided the prohibit timer has expired.  This is not entirely satisfactory as it results in extra signalling and diminishes the effectiveness of the overheating assistance mechanism (particularly if the handover happens during the prohibit timer).  As an alternative, there seems no great complexity if the source provides the temporary capability reduction to the target during the handover preparation.  Of course the target would have free choice whether to respect the capability reduction, and the UE would need to comply with the configuration from the target as usual, but providing the information in handover would allow the target eNB to make a sensible decision.
Proposal 2: During handover, the source cell may provide the target cell with the UE’s temporary capability reduction.
3 Conclusion
Based on the observations of this paper, there seems no perfect solution to the problem of how to signal the UE overheating indication.  Three alternatives were considered with the following tradeoffs observed:

Observation 1: Signalling a new UE-Category and RF-Parameters has full flexibility of signalling and minimises duplication of ASN.1, but may be considered as excessive overhead.
Observation 2: Extracting specific IEs from RF-Parameters has full flexibility of signalling, but creates an ASN.1 structure of significant complexity that partially duplicates the UE capability.
Observation 3: Signalling a fallback AS release allows for highly compact signalling of the overheating indication, but limits the flexibility of the signalling.  Indicating a fallback spec version has more flexibility at the cost of more signalling complexity.
RAN2 are requested to discuss the alternatives and conclude on which one is preferred.
Proposal 1: RAN2 are requested to discuss among the considered options for signalling the reduced UE capability:
1. Signal a new copy of UE-Category and RF-Parameters in their entirety

2. Extract the specific IEs subject to change from RF-Parameters, and define a new structure containing only these.

3. Signal an earlier system release or version to fall back to.
In addition, it was considered to provide information on the temporary capability reduction as part of the handover signalling between source and target.

Proposal 2: During handover, the source cell may provide the target cell with the UE’s temporary capability reduction.
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