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1 Introduction

This contribution discusses the UE capabilities for NR, focusing on the following aspects:

· 
General aspects i.e. frequency range versus band, model identifier
· 
Use of RF structure to indicate measurement abilities and supported band combinations
· 
Sharing of baseband processing across features 
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

Frequency range vs bands

One option for simplifying the UE capabilities discussed for NR is that rather than indicating individual bands supported by the UE, the UE would indicate an entire frequency range and a maximum bandwidth that it supports. We however think that the frequency band concept is a rather efficient/ suitable way to indicate RF related capabilities like support of regional requirements (e.g. out of band emissions), duplex distance. We see no easy alternative way to indicate such RF related aspects alongside the frequency range/ bandwidth. Hence we have the following observation:
Observation 1 
We see no real benefit in abandoning the frequency band concept for NR
Model identifier
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 into account right from the start. This may affect the UE capability information as well as what information to store in the different network nodes. In this section we consider use of a model identifier to address such issues.

There are often quite a few different variant of a particular phone model (regional RF differences, operator specific features, use of different HW/ SW components). Nevertheless, it does not seem unlikely that a RAN node (NB) 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. On the other hand, as there would still be quite some normal UE capability transfer cases, we assume it would not alleviate the need to limit size/ complexity of NR capabilities. 
Observation 2 
We assume that a model identifier could reduce transfer and storage of UE capability information at relatively limited cost. However, it would not alleviate the need to limit size/ complexity of NR capabilities
2.2 Indication of RF structure
RAN2 has discussed how to introduce support for the measurement related enhancements (a.o. shorter and per CC gaps) agreed by RAN4 for LTE REL-14 WI. It seems clear that merely adding the new parameters as extensions of the current UE capability signalling framework will result in excessive signalling, in particular of the measurement related capabilities (i.e. need for gaps). One solution for reducing the signalling is that the UE indicates the RF structure. During the previous meeting, RAN2 agreed sending an LS to RAN4 on this topic.

We think that indicating the RF structure should be considered for NR also i.e. as a potential solution for reducing the extensive and complex UE capability signalling. We furthermore think that for NR, the RF structure should be considered as replacement not only of the measurement abilities but also of the supported band combinations.

Although we understand that RAN4 still needs to provide general feedback on the use of the RF structure for LTE, we think some further discussion seems beneficial. 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
Altogether we propose:

Proposal 1: 
RAN2 is requested to study use of the RF structure as a potential solution for simplifying the UE capability signaling of measurement abilities and supported band combinations
2.3 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
Altogether we propose:

Proposal 2: 
RAN2 is requested to study simplification of the UE capability signaling for baseband related functions. It seems desirable to liaise with RAN4

3 Conclusion
In this contribution we have discussed UE capabilities for NR. RAN2 is requested to discuss and conclude the following related observations/ proposals:
Observation 1 
We see no real benefit in abandoning the frequency band concept for NR
Observation 2 
We assume that a model identifier could reduce transfer and storage of UE capability information at relatively limited cost. However, it would not alleviate the need to limit size/ complexity of NR capabilities

Proposal 1: 
RAN2 is requested to study use of the RF structure as a potential solution for simplifying the UE capability signaling of measurement abilities and supported band combinations.

Proposal 2: 
RAN2 is requested to study simplification of the UE capability signaling for baseband related functions. It seems desirable to liaise with RAN4
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