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1 Introduction

During the RAN 2 #101 meeting in Athens, there was a discussion about UE capabilities in particular based on the following contributions.

R2-1803749
Avoiding bridges to nowhere
Qualcomm Incorporated
discussion
Rel-15
=>
Qualcomm will provide a contribution to show what the signalling details of a solution based on P3, P4 and P5 option 1, so that it can analysed in the group. R2-1803954 (Offline discussion #30)

R2-1804083
Signalling details of a solution based on P3, P4 and P5 option 1]
Qualcomm
discussion
Rel-15
NR_newRAT-Core
Agreements

1: Implement RAN1/RAN4 type 3 parameters into the “BPC” structure (the exact name can be changed in the next meeting).

2: There shall be explicit linking from the RF band combinations to this structure. The relationship is many to many.  In ASN.1, include a set of BPC indices, in each RF band combination. 

=>
Agreements to be added within ASN.1 part 7 email discussion

· [101#41][NR] UE capability structure (Qualcomm)


Progress further aspects of the UE capability structure

Intended outcome: Report to next meeting


Deadline:  Thursday 2018-03-29 

RAN2 earlier agreed to separate RF and baseband capabilities aiming to reduce the size (i.e. by avoiding that band/ BC agnostic capabilities are repeated). However, RAN1 indicated that few of the UE capabilities should be considered to be pure baseband (i.e. 1 type 2 capability) while many capabilities concern a mix if RF and baseband (i.e. 30 type 3 capabilities). In the end RAN2 agreed to have an e-mail discussion to progress the proposed to re-structuring of NR UE capabilities.

In this paper we investigate a somewhat different solution direction. In essence, we wonder if all type 3 capabilities should really be signaled as type 3 in UE capabilities. I.e. we understand that some UE capabilities may have been marked as type 3 rather than type 2 just to be on the safe side.
Although RAN2 has discussed UE capability size for quite some time, we are not entirely confident the restructuring of UE capabilities as discussed in e-mail [101#41] and a UE model identifier would really sufficiently address the UE capability size issues we may expect for NR.

We have been wondering whether all fields listed by RAN1/ RAN4 really need to be included in UE capabilities i.e. provided to the network before it selects the UE configuration. I.e. we have been thinking about a model in which only the main capabilities would be included in UE capabilities and that based on this the network selects a baseline configuration. In such an approach, the UE may subsequently indicate further capabilities it supports for the baseline configuration selected by the network, that network may use to further enhance/ refine the radio configuration. A main advantage of this approach is that the capabilities indicated in the second step need not be provided for each possible combination the UE supports, but only for the main configuration selected by the network. We would like RAN2 to consider the use of this 2 step model for some of the UE capabilities.
2 Discussion
Basic model: exchange part of UE capabilities second step

As indicated in the previous, we think it may be good to take one step back to see what is really essential to be included in UE capabilities. In particular, we wonder if all UE capabilities need to be known to the network in advance of selecting a UE configuration. I.e. whether some UE capability aspects can be signalled in a second step that is merely used to further enhance / refine the radio configuration. In particular, this model would be as follows:
· Step 1: UE signals the main/ baseline UE capabilities: in an a-priory fashion. This concerns capabilities that are essential for network to select a baseline/ reference configuration

· Step 2: Network assigns a baseline/ reference configuration, based on the capabilities indicated in step 1. As part of this procedure, the UE indicates which refined/ secondary UE capabilities it can support on top of the baseline/ reference configuration assigned/ selected by the network

· Step 3: Network may enhance the radio configuration to make use of the refined/ secondary capabilities the UE supports for the current reference configuration

The main advantage of this approach would be that the refined capabilities only need to be signalled relative to the selected baseline/ reference configuration, rather than for every possible configuration. The following figure also illustrates the step-wise approach
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Fig. 1 Initial and refined UE capability transfer and configuration
Although we can agree it seems time to converge rather than to consider new approaches, we still think it would be good for RAN2 to consider what should be the essence of UE capability based configuration and hence we propose:
Proposal 1:
RAN2 is requested to consider an approach in which UE capabilities only include a set of baseline UE capabilities that are essential for network to select a baseline/ reference configuration while refined UE capabilities may subsequently be exchanged i.e. defining what UE supports on top of the baseline/ reference configuration assigned/ selected by the network
Some further details (and type 3* capabilities)

It may be good to think a bit further about what the baseline capabilities should comprise of and what might be moved to the refined UE capabilities indicated at a later stage. Our initial thinking is as follows:
· The baseline capabilities should be sufficient for the network to select a baseline/ reference configuration

· The baseline capabilities may provide what the UE can at least support i.e. refined capability indicates add-ons. This means the baseline capabilities may be somewhat conservative

· The baseline capabilities would not need to include some rare cases e.g. that the UE can support a feature or slightly higher value for one/ a few specific configurations e.g. comprising of a certain band and particular baseband combination
It may be good to make this a bit more concrete:

· Baseline capabilities:

· Supported bands and supported BCs

· Some detailed capabilities may be signalled e.g. MIMO layers, but possibly only per UE and possibly per band
· Baseband combinations, but without any linking to BC (as exceptions may be covered by the refined capabilities)

· Refined capabilities

· Exceptional values for type 3 capabilities
I.e. the model indicated may imply the introduction of a new kind of UE capability type i.e. as shown below:
Type 3*:
In some exceptional cases, the value of the capability may different for some per Band of a BC. It however seems acceptable if network initially configure a slightly conservative default value given by per UE, per band and per BPC capabilities. This default would be lower than what the UE actually supports in particular exceptional cases. I.e. in the exceptional case, the particular value will only be configured in a second step i.e. when network assigns the configuration (BC) for which the exception applies, the UE indicates it can support more (i.e. a higher value)

We are aware this alternative approach may have a number of drawbacks:

· The network has to select the baseline/ reference configuration without having the full UE capabilities

· This may be acceptable if additional feature support signaled in step 2 is not that huge (so it would actually change network’s preferred BC)
· The baseline UE capabilities may end up being rather conservative e.g. what the UE can support in any band combination

· This may be acceptable for many features currently marked as step 3
· An additional configuration step may be required

· If used for refined capabilities, the consequence may be limited (i.e. some additional configuration signaling)

Another issue may be that it may be difficult for RAN2 to make the assessment of which of the current type 3 capabilities we can actually use the type3* kind of approach.
Proposal 2:
RAN2 is requested to consider if the alternative UE capability indication approach would be an potential way to address the UE capability size issues caused by type 3 capabilities
Example 1: Supported MIMO layers

A given band X and Y are supported by the same RF chain and this RF chain has 6 antenna’s that can be used for these bands. If only 1 band is supported by this RF chain, the UE supports 4 MIMO layers. If however both bands are supported by this RF chain, one band will support 2 and the other 4 MIMO layers. If we would use the 2-step approach to indicate this, it would be done as follows:

a) In UE capabilities (i.e. step 1) the UE would indicate that a value of 2 MIMO layers is supported for these bands i.e. the lower value that can be supported in worst case

b) If the network selects a configuration not involving use the same RF chain for band X and Y, the UE indicates it can actually support value 4 (i.e. in step 2)

As the approach would mean that quite conservative values are signalled in UE capabilities, the approach may not be appropriate for the case of MIMO layers. I.e. for MIMO layers the regular type 3 approach may still need to be used
3 Conclusion
In this contribution we have discussed another approach to address the size of UE capabilities for NR. RAN2 is requested to discuss and conclude the following related proposals:
Proposal 1:
RAN2 is requested to consider an approach in which UE capabilities only include a set of baseline UE capabilities that are essential for network to select a baseline/ reference configuration while refined UE capabilities may subsequently be exchanged i.e. defining what UE supports on top of the baseline/ reference configuration assigned/ selected by the network
Proposal 2:
RAN2 is requested to consider if the alternative UE capability indication approach would be an potential way to address the UE capability size issues caused by type 3 capabilities
4 Reference
[1] TS 38.331, RRC Specification
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