Page 4
Draft prETS 300 ???: Month YYYY


3GPP TSG-RAN WG2 Meeting #98
R2-1705349
Hangzhou, China, 15th – 19th May 2017
(Resubmission of R2-1703254)
Agenda Item:
10.2.6
Source:
Samsung
Title:         
NR UE capabilities, size reduction and simplification
Document for:
Discussion, Decision
1 Introduction

This contribution discusses the NR UE capabilities, in particular the aspects of size reduction and simplification. The discussion in particular covers:

· 
Use of a model identifier
· 
Separation of RF and general baseband processing related abilities

· 
Use of RF structure to indicate measurement abilities and supported band combinations
· 
use of a formula to indicate general baseband processing capabilities in relation to functionality configured e.g. CCs, MIMO layers, CSI processes, NAICs resources 
Although RAN2 liaised with RAN4 regarding the topics above, some discussion seems beneficial as inter-WG related topics usually take more time to progress. 
2 Discussion
2.1 General
In LTE there have been numerous discussions related to the size of UE capabilities, trying to reduce signalling overhead and storage requirements. For NR it seems good to carefully consider UE capability size right from the start i.e. both considering the details of the UE capabilities as well as network storage/ handling aspects. RAN2 has so far agreed to re-use some mechanisms introduced in LTE to limit the size of the UE capabilities provided by the UE i.e. the network can specify some requests (e.g. bands, maxCCs). Given the ever increasing number of bands and RATs, we think there is a need for other means to reduce UE capability size and hence propose:

Proposal 1: 
RAN2 is requested to discuss and conclude the need to introduce additional means (compared to the LTE mechanism agreed to be re-used in NR) to reduce the size of NR UE capabilities

2.2 Model identifier

Some companies have proposed the use of a model identifier. We note that there are often quite a few different variants of a particular phone model (regional RF differences, operator specific features, use of different HW/ SW components). Nevertheless, it seems quite likely that a gNB and in particular a CN node is handling quite a few UEs that have exactly the same capabilities. Consequently, a model identifier could reduce transfer and storage of UE capability information.

It was suggested that the model identifier is determined by a hash function over the UE capabilities. This would simplify the handling/ procedure. There is however a risk that for 2 different UE variants the hash produces the very same result. The result may be that the UE is assigned with a configuration that it obviously does not support according to its capabilities. As long as RAN2 sticks to the general principle that the network always respects UE capabilities (i.e. no trial and error), the UE may be able to isolate this particular problem and perform a failure procedure during which it reports the problem to the network. The network should subsequently be able to handle the problem.
With this in mind, the model identifier does not seem to introduce significant additional complexities. We assume that in case the network has not stored the NR capabilities corresponding to the model identifier, it will still request the UE to provide the full capabilities. Hence, we assume it would not entirely alleviate the need to limit size/ complexity of NR capabilities and hence we propose.
Proposal 2: 
RAN2 is requested to discuss and conclude about the use of a model identifier to reduce storage of UE capabilities i.e. the option that UE signals an identifier representing (a part of) the UE capabilities. Within the NR capability request, the gNB indicates whether the UE should also provide the actual UE capabilities 

Proposal 3:
In case RAN2 agrees to introduce a model identifier, RAN2 is requested to discuss and conclude whether any additional means should be introduced to reduce the size of / to simplify NR UE capabilities

2.3 Further UE capability size reduction/ simplification
In the previous RAN2 discussions on UE capability size reduction, focus has been on RF capability (in particular supported band combinations) and measurement abilities. We hence think that for size reduction/ simplification of NR UE capabilities, these are the primary focus areas. Some considerations:

· A main part of UE capability size concerns the supported band capabilities, in particular those indicated per band of a band combination (BoBC signalling). In the previous there have been attempts to avoid this while maintaining UE implementation flexibility. The suggestion was to separate RF and general baseband processing related abilities

· One way to cover the RF aspects would be to signal a logical RF structure, as was already considered during LTE REL-14 for the per CC measurement gaps (for further details, see annex). Although the mechanism was not accepted, given its potential to cover both RF and measurement capabilities, we think it would be good to request RAN4 to still consider the RF structure for NR capabilities

· For baseband, we think it would be good to reconsider earlier proposals to express the general baseband processing required by a formula expressing the processing required by different functions (e.g. CCs, MIMO layers, CSI processes, NAICs resources, ..). For further details, see annex.
· Another main part of UE capability size concerns the measurement capabilities, in particular with per CC gaps. To reduce the size of this, we suggest the RF structure is reconsidered

We understand that RAN4 input is key, both regarding use of the RF structure and concerning representing general baseband processing abilities by a function. We therefore suggest to liaise with RAN4 regarding both aspects. Altogether we propose:

Proposal 4: 
If RAN2 agrees further means to reduce the size of/ to simplify NR UE capabilities should be considered, RAN2 is requested to liaise with RAN4 regarding

· Separation of RF and general baseband processing related abilities
· The use of the RF structure to indicate both measurement capabilities (including per CC gaps) and supported band combinations

· The use of a formula to indicate general baseband processing capabilities in relation to functionality configured e.g. CCs, MIMO layers, CSI processes, NAICs resources
3 Conclusion
In this contribution we have discussed UE capabilities for NR. RAN2 is requested to discuss and conclude the following related proposals:
Proposal 1: 
RAN2 is requested to discuss and conclude the need to introduce additional means (compared to the LTE mechanism agreed to be re-used in NR) to reduce the size of NR UE capabilities

Proposal 2: 
RAN2 is requested to discuss and conclude about the use of a model identifier to reduce storage of UE capabilities i.e. the option that UE signals an identifier representing (a part of) the UE capabilities. Within the NR capability request, the gNB indicates whether the UE should also provide the actual UE capabilities 

Proposal 3:
In case RAN2 agrees to introduce a model identifier, RAN2 is requested to discuss and conclude whether any additional means should be introduced to reduce the size of / to simplify NR UE capabilities

Proposal 4: 
If RAN2 agrees further means to reduce the size of/ to simplify NR UE capabilities should be considered, RAN2 is requested to liaise with RAN4 regarding:
· Separation of RF and general baseband processing related abilities
· The use of the RF structure to indicate both measurement capabilities (including per CC gaps) and supported band combinations

· The use of a formula to indicate general baseband processing capabilities in relation to functionality configured e.g. CCs, MIMO layers, CSI processes, NAICs resources
4 Reference
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5 Background information (Annex)

5.1 RF structure

The following figure illustrates the RF structure that comprises of one or more RF chains.
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Fig. 1: RF structure comprising of RF groups and chains

Some further suggestions/ considerations:

· As part of the UE capabilities, the UE indicates an RF structure:

· We assume an RF chain is mainly characterised by a list of supported frequency bands (see observation 1)

· Each RF chain can perform one task at a time. I.e. if a certain chain is used for a serving cell, the chain can only perform inter-frequency measurements during measurement gaps (during which communication with the serving cell is interrupted)

· RF chains in an RF group are related such that retuning of one RF chain causes a short disturbance in the operation of all other modules in the same RF group. Hence, when the UE start to employ an unused RF chain for measurements, there will be a short gap in all chains of the same group

· Regarding use of RF structure to indicate/ replace measurement abilities, some further remarks:

· So far it has been left up to the UE to decide which RF chain would be used for which task. However, the gaps that are needed by the UE depend on this allocation. If we would maintain UE implementation flexibility, the network may have to assume some kind of worst case allocation when determining the gaps to be configured.

· Although this will first be discussed as part of the LTE REL-14 WI, it seems beneficial to further consider the option for NR (even if not adopted in LTE)

· Regarding use of RF structure to indicate the supported BCs, the following characteristics apply:

· It would be nice to avoid explicit signalling of each band combination supported by the UE. It would be good to evaluate if the RF structure could avoid signalling the set of band combinations supported by the UE. E.g. the RF structure could indicate the set of band combinations that by default are supported by the UE i.e. the UE would only need to signal deviations from this, if any

· In LTE, the UE also provides per (band of a) band combination information regarding support of some features e.g. CSI processes, MIMO layers. We think that for NR other ways for providing such UE implementation flexibility may need to be considered e.g. as discussed below for the baseband processing related support

5.2 Baseband processing (BP) related capabilities
We understand that UE implementations include some quite general purpose baseband processing that is used for (shared by) a number of different functions e.g. CSI process, MIMO layer, NAICS resource, CA resource. We think that the BP sharing between functions was one of the motivations for some of the flexibility in UE capabilities that was introduced like signalling the number of supported CSI processes and MIMO layers per band of a band combination.

In the past there have been proposals to simplify the UE capability signalling, based on BP sharing between functions e.g. by indicating the BP required per function see R2-154759. This was reflected by a formula (somewhat modified form i.e. without weight factors):

BPR= n-MIMO* bpr-PerMIMO+ nCSI-Proc* bpr-PerCSI-Proc +

nNAICS-Rsrc* bpr-PerNAICS-Rsrc + nCA-Rsrc* bpr-PerCA-Rsrc

We understand that RAN2 liaised with RAN4 (see in R2-152913) but that at that time no changes were introduced because the response was somewhat inconclusive. To avoid a similarly extensive and complex UE capability signalling, it may be good to consider whether some kind of simplification of the BP related capabilities is possible in NR. Some initial remarks:

· We think that sharing of BP seems possible for a subset of the features

· It seems good to identify which functions are actually using sharable/ general purpose BP (DSP)
· For some of these functions, there may be other factors affecting what the UE can support in a particular case. E.g. the supported number of MIMO layers, is highly related to the number of LDPC decoders. It may however be possible to signal any such other limitations separately. We thus need to focus on the functions for which in real life support is affected by BP limitations (i.e. not purely determined by other factors)

· If a set of functions can be identified, additional work would be needed regarding the further details e.g. aspects like expressed by the formula shown above
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