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1. Introduction

Several NR UE capability related issues have been discussed from SI phase. In this contribution, we ask RAN2 to discuss how to structure TS38.306 skeleton. Some may be related with on-going discussion for NSA and SA. However please note we will not discuss details of solutions but rather we want to focus on the initial structure of TS38.306.
2. Discussion
We assume the reference for TS38.306 skeleton is TS36.306 (TS for LTE UE capability). TS36.306 is composed of the high-level classifications as shown in the Figure-1 [1]. Note each UE category has the associated transport channel capabilities, physical channel capabilities, L2 buffer size capability, half-duplex FDD capability and RF capabilities. 
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Figure-1. Structure of TS36.306
Based on the discussion on the other TS skeleton at RAN2#97bis, we think the baseline of TS38.306 skeleton will be TS36.306 but there may need some updates based on LTE experiences and NR status. 

[Proposal-1]: TS36.306 is the baseline of TS38.306 skeleton. 
UE Categories:
Common UE category was introduced and developed at the earlier LTE releases, i.e. a UE category defines a combined downlink and uplink capability. However later we found it could not meet the various market demands so we defined independent UE category for downlink and uplink respectively to provide more implementation freedom. Then due to co-existence of common UE categories and independent downlink and uplink capabilities, more specification efforts were required and it became more complex. With this LTE experience, we doubt whether we really need to consider both common UE category for both links and independent downlink and uplink UE category from the start of NR. In our view, it is proposed to start TS38.306 skeleton with independent downlink and uplink UE categories. 

[Proposal-2]: Independent downlink and uplink UE category is the baseline of TS38.306 skeleton.
In LTE parameters set by the field UE category are as follow. Note a feature specific parameter (e.g. maximum number of bits of a MCH transport block received within a TTI) is not included here. 
· Transport channel parameters in DL/UL
> Maximum number of DL/UL-SCH transport block bits received/transmitted within a TTI

> Maximum number of bits of a DL/UL-SCH transport block received/transmitted within a TTI
> Total number of DL-SCH soft channel bits

· Physical channel parameters in DL/UL

> Maximum number of supported layers for spatial multiplexing in DL
> Support of 64QAM in UL

· Total L2 buffer size

· Half-duplex FDD operation type

· RF parameters (i.e. maximum UE channel bandwidth)
Originally a UE category was introduced to show the maximum data throughput a UE supports. So we assume main parameters set by the field UE category will be maximum number of DL/UL-SCH transport block bits received/transmitted within a TTI and maximum number of bits of a DL/UL-SCH transport block received/transmitted within a TTI so we will have them in NR as well. Maximum number of DL/UL-SCH transport block bits received/transmitted within a TTI would be dependent on UE’s baseband processing power and RF related capabilities (e.g. number of carriers in CA, number of layers in MIMO, etc.). Some RF related parameters such as maximum number of supported layers for spatial multiplexing in DL and maximum UE channel bandwidth were set by the field UE category. However it was there because UE category was introduced before introduction of UE capability signaling per band per band-combination. Considering number of supported layers for spatial multiplexing in DL and supported bandwidth combination set are included in all non-CA band combinations, the need of maximum number of supported layers for spatial multiplexing in DL and maximum UE channel bandwidth set by the field UE category is now doubtful as the result of LTE experiences. Note for instance in LTE, the maximum number of supported layers for spatial multiplexing in UL was not set by the field UE category since it was introduced after introduction of UE capability signaling per band per band-combination. And same for number of carriers in CA.

Total number of DL-SCH soft channel bits is related with HARQ operations. HARQ operation is also applied into NR and during SI phase, RAN1 agreed that operation more than one DL HARQ processes is supported for a given UE and asynchronous and adaptive DL HARQ is supported at least for eMBB and URLLC (i.e. like LTE) [2]. We assume the total number of DL-SCH soft channel bits will be naturally inherited from LTE and set by the field UE category rather than indicating it as separate capability information. And same for total L2 buffer size. 

[Proposal-3]: Transport channel parameters set by UE category are: 

· Maximum number of DL/UL transport block bits received/transmitted within a [TTI].

· Maximum number of bits of a DL/UL transport block received/transmitted within a [TTI].

· Total number of DL soft channel bits.
[Proposal-4]: Total L2 buffer size is set by UE category.

[Proposal-5]: RAN2 is asked to discuss the need of maximum number of supported layers for partial multiplexing in DL/UL, maximum UE channel bandwidth and maximum number of carriers in CA set by the field UE category. In our view, it is not necessary to set them by the field UE category.  

For modulation scheme, RAN1 agreed that QPSK, 16QAM, 64QAM and 256QAM are supported in DL and UL. However it is not clear yet which one should be defined as UE capability, so it seems too early to determine if we should include any modulation scheme specific parameter set by UE category into the TS38.306 skeleton. And same for half-duplex FDD operation type.
[Proposal-6]: RAN2 is asked to wait for more progress before making a decision on the need of modulation scheme and half-duplex FDD operation type set by the field UE category.  
Independent capabilities from the field UE category:

For independent capabilities from the field UE category, we think it is good to list sub-layer based capabilities with the following modification in the order into TS38.306 skeleton (like LTE). Also note SDAP is now newly included. 
· General capabilities

· SDAP capabilities

· PDCP capabilities

· RLC capabilities

· MAC capabilities

· PHY capabilities

· RF capabilities

· Measurement capabilities

· Inter-RAT capabilities

· Feature specific capabilities

In LTE, some baseband processing power related capabilities (e.g. MIMO, CSI process, NAICS related capabilities, etc.) are also included as RF capabilities and one of the issues raised during RAN2#97bis was how to simply the baseband processing power related capability [3]. It may imply the need of new sub-section (i.e. baseband capabilities) into TS38.306. However at the moment, it seems too early to make any decision on it. Note we can update TS38.306 anytime according to further progress. 

[Proposal-7]: Independent capabilities from the field UE category are: 
· General capabilities

· SDAP capabilities

· PDCP capabilities

· RLC capabilities

· MAC capabilities

· PHY capabilities

· RF capabilities

· Measurement capabilities

· Inter-RAT capabilities

· Feature specific capabilities

Optional capabilities w/o UE radio access capability parameters and conditional mandatory features:

We think it is very useful to specify what feature is optional although there is no signaling from the UE side and what feature is mandatory with the associated condition in order to avoid possible misunderstanding in UE implementation. Thus we assume they will be inherited into TS38.306 skeleton. 

[Proposal-8]: Optional capabilities w/o UE radio access capability parameter and conditional mandatory features are captured into TS38.306 skeleton. 

Other considerations:
In LTE depending on the market needs and the need of early implementations, some mandatory features can be successfully implemented and tested while some other mandatory features may be implemented but are not able to be tested successfully due to lack of IOT opportunities. Originally in the first release of LTE, Feature Group Indicator (FGI) was introduced in order the UE to indicate the network what features were implemented and tested successfully and what features are not. However from Rel-11, RAN2 decided not to use FGI bits and instead capability signaling was introduced for all features for which the eNB needs to know the status of the UE. So TS36.306 specifies capabilities for the mandatory features if they are signaled. Note in LTE, the mandatory and optional capability bits are mixed in the same section. We assume the need to signal capabilities for some mandatory features to inform the network whether it has been implemented and tested successfully or not will be also applicable for NR due to various market needs and the need of early implementations. And thanks to LTE experiences, capability signaling can be taken into account from the start. Furthermore we think it would be clearer and more readable if we have separate section to list the mandatory features that are signaled, instead of capturing this information on a per capability basis. 

[Proposal-9]: UE capability signaling is used to inform if mandatory features implemented and tested successfully.
[Proposal-10]: Separate section to list the mandatory features to be signaled is introduced.

During the SI phase, type II and III capabilities are identified as UE capabilities coordination for NSA operation [4]. Also it was proposed to signal such capabilities in a separate container in order to optimize the UE capability signaling [5]. It is clear since type II and III capabilities are parts of NR capabilities so they should be captured in TS38.306. The need of capturing type III capabilities into TS36.306 can be arguable since they are understood by LTE side. However in our view, it will be more desirable if TS36.306 refers TS38.306 for such NR capabilities’ details in order to avoid duplicated contents to both specifications. In addition although RAN2 has not discussed whether type II and III capabilities are signaled in a separate container or not, we think it makes a sense to have a separate section for such capabilities in the TS38.306 structure point of view. 
[Proposal-11]: NR capabilities impacting to LTE side in NSA operation are specified in TS38.806 and TS36.306 refers TS38.306 for the details of such capabilities if needed.

[Proposal-12]: Separate section for NR capabilities impacting to LTE side for NSA operation is introduced.
In LTE, we often end up duplicating the capability parameter description in TS36.306 and TS36.331 field description in ASN.1. In our view, it would be good to avoid such duplication, so it is suggested we only include the capability parameter description into TS38.306 for NR age.
[Proposal-13]: Capability parameter description is only included into TS38.306 to avoid duplication in TS38.306 and TS36.331 field description in ASN.1.

Based on the all proposals above, the structure of TS38.306 skeleton is shown in the Figure-2. 
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Figure-2. Structure of TS38.306

3. Conclusions

The structure of TS38.306 skeleton are discussed in this contribution and the following proposals are made. RAN2 is also asked to see the corresponding TS38.306 skeleton [6].
[Proposal-1]: TS36.306 is the baseline of TS38.306 skeleton. 

[Proposal-2]: Independent downlink and uplink UE category is the baseline of TS38.306 skeleton.

[Proposal-3]: Transport channel parameters set by UE category are: 

· Maximum number of DL/UL transport block bits received/transmitted within a [TTI].

· Maximum number of bits of a DL/UL transport block received/transmitted within a [TTI].

· Total number of DL soft channel bits.
[Proposal-4]: Total L2 buffer size is set by UE category.

[Proposal-5]: RAN2 is asked to discuss the need of maximum number of supported layers for partial multiplexing in DL/UL, maximum UE channel bandwidth and maximum number of carriers in CA set by the field UE category. In our view, it is not necessary to set them by the field UE category.  

[Proposal-6]: RAN2 is asked to wait for more progress before making a decision on the need of modulation scheme and half-duplex FDD operation type set by the field UE category.  

[Proposal-7]: Independent capabilities from the field UE category are: 

· General capabilities

· SDAP capabilities

· PDCP capabilities

· RLC capabilities

· MAC capabilities

· PHY capabilities

· RF capabilities

· Measurement capabilities

· Inter-RAT capabilities

· Feature specific capabilities

[Proposal-8]: Optional capabilities w/o UE radio access capability parameter and conditional mandatory features are captured into TS38.306 skeleton. 

[Proposal-9]: UE capability signaling is used to inform if mandatory features implemented and tested successfully.

[Proposal-10]: Separate section to list the mandatory features to be signaled is introduced.

[Proposal-11]: NR capabilities impacting to LTE side in NSA operation are specified in TS38.806 and TS36.306 refers TS38.306 for the details of such capabilities if needed.

[Proposal-12]: Separate section for NR capabilities impacting to LTE side for NSA operation is introduced.
[Proposal-13]: Capability parameter description is only included into TS38.306 to avoid duplication in TS38.306 and TS36.331 field description in ASN.1.
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