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The purpose of this paper is to discuss, at a high level, several issues relevant to Rel-16 WIs. The issues include:
1. Feature fragmentation
2. Basic feature groups
3. Pre-requisite feature groups
4. Support of features outside of WI scope (e.g., NR-U features on a licensed band)
Many of the points raised in this paper were previously expressed during the RAN#87 email discussion [1]  that resulted in [2], and the RAN1 email discussion [3] resulting in [4].
For clarity, the terminology from [2] is reproduced here. For example, a feature (e.g., V2X) has a number of FGs (rows in the table), some of which may be designated as basic feature groups.
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Discussion
Feature Fragmentation
NR is much more complex than LTE in terms of both feature groups and configurability. We seem to have gone a bit far in feature fragmentation, where an excessive number of optional sub-features are included for a feature. This is often done in the name of "testing" or "letting the market decide", but is often about a company preference in making some sub-features available before others. However, if each company tries to delay or suppress a single sub-feature it will be difficult for any feature to gain traction in the marketplace. 
The “spirit” of the RAN#87 discussion was to ensure, at least for some features, that more sub-features can be counted on as available whenever the feature is supported by a UE. This could help wide adoption and/or performance of features in the market as a whole. “Basic” feature groups are discussed in the next section, but here it is worth pointing out that as part of this effort we should try to reduce unnecessary or excessive feature fragmentation. To this end, we observe:
Observation 1: We do not have to turn all of the testing protocol into over the air signaling
Multiple components can be grouped and tested together (with a single IODT bit), and not every component that will be tested needs to be listed in the feature list (c.f., the two alternatives for 2-step RACH 9-1 in [4]). Grouping components means that they will be available for deployment together, which is a positive as long as efforts are spent on testing to ensure deployments are not delayed.
Observation 2: We do not have to have an independent IODT bit for every feature that can conceivably (but perhaps not usefully) be deployed without another feature
Requiring an IODT bit in every case where a feature could conceivably be deployed (whether or not that is a typical or useful deployment) contributes to "excessive fragmentation", and can also greatly increase signaling overhead (c.f. RAN2 request related to FR1/FR2/TDD/FDD differentiation). With ten optional feature groups there are likely not 1000 different deployment timelines that need to be supported. Reductions in fragmentation by recognizing both competence in testing and the most likely useful deployments is beneficial given the RAN level discussion.

Basic feature groups
Basic feature groups in Rel-15 were used to indicate sets of components that are mandatory for the NR system. For Rel-16, as discussed in RAN, for some features (e.g., NRU, V2X, IAB, 2-step RACH, DC/CA, [URLLC],…) it may be desired to identify a basic set of subfeatures/components that a UE should support if a feature is supported, which can help the adoption or the performance of a the feature as a whole. A difference is that since essentially all features in Rel-16 are “optional” on top of Rel-15, the basic feature groups in Rel-16 would in the end have a recommendation such as “Optional with capability signaling. The FG must be supported for XXX”. (similar to the current handling of IAB/V2X)
The Appendix contains an analysis of the current NR feature list for the Rel-16 WIs in [4]. There, basic features are indicated in three main ways: 
1. NR-U and 5G-V2X use the Notes field to indicate the Basic FGs
2. 2-step RACH, MR-DC/CA name a highest level-feature “Basic..”
3. IAB/V2X state in the Mandatory/Optional column that the FG must be supported for IAB/V2X.
Other observations:
· 2-step RACH uses the term “conditionally mandatory” for a dependent basic FG
· NR-MIMO has FGs with basic and optional components (likely needs to be revised)
· Positioning has a structure similar to basic FGs for each of the various positioning methods
· Other WIs either are relatively simple/independent or not clear if can/will label as basic
· [NR-U has a lot of FGs]

It would be best if the recommendation column and basic features be handled in a uniform way across the WIs. One proposal is to use the IAB/V2X style, with NR-U, 2-step and MR-DC/CA adding an indication in the Mandatory/Optional column. If a FG is proposed to be basic but not yet agreed it can be listed as a “possible basic feature group” and discussion continued later.
Proposal:  For uniform handling of rel-16 UE features
· A basic or possibly basic FG is designated as such in the “Mandatory/Optional” column
· If agreed, “Optional with capability signalling. The FG must be supported for XXX”. 
· If proposed but not yet agreed, “Optional with capability signalling. This is possibly a basic feature group for XXX.”
· It is acceptable but not required to additionally have “This is a basic feature group” text in the Mandatory/Optional column or the Notes column
· It is acceptable but not required to additionally name a feature group as “Basic…”
· Dependent basic FGs are handled the same way as high-level basic FGs
· The term “conditionally mandatory” is not used
· The pre-requisite column should not be left blank

Pre-requisite feature groups
Based on feedback from RAN2 and RAN, a feature group should not have multiple components each with support / not support capability signaling. Rather, these components should have their own row in the feature group table. However, these components may all be expected to be supported if the feature is supported. These additional rows of the table are dependent basic FGs. The Mandatory/Optional and “pre-requisite” column should be filled out to indicate the hierarchical relationship. 
NOTE: Pre-requisites can indicate any dependency requirement, not only a functional necessity. So if basic feature group relationships are defined they should be captured in a consistent way using the pre-requisite and other columns in the table.
There was a comment in the RAN discussion that all features need not be dependent on a (high level) basic feature, and in RAN1 (for NR-U) to remove pre-requisites and to only include a pre-requisite if it they are functionally necessary. As discussed above, pre-requisites may be included for any reason. The comments may have been made as an unlicensed feature group with a pre-requisite would be difficult to use on a licensed band. This is a separate issue and discussed more in the next subsection. 

Support of features outside of WI scope
Some features are very clearly developed and defined within their WI scope. For example, sidelink features should not be used on the uplink or downlink, and unlicensed features should not be used on licensed spectrum. As this is the default case, a proposal is not necessary, and a simple observation made:
Observation 3: All unlicensed features were developed for unlicensed use in that WID, and by default are only available for use in shared spectrum unless we make a specific decision otherwise.
Going beyond the scope of the NR-U WID can be discussed … but doing so should be a lower priority than completing the other features and TEI in Rel-16. The UE feature discussion on NR-U (including possible basic features and feature group dependencies) should proceed within the scope of the WID without assuming those features will be used on licensed spectrum.
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Conclusions
RAN1 needs to take the discussion and feedback from RAN and RAN2 seriously and arrange the features for a healthy multi-vendor ecosystem that encourages the deployment and use of Rel-16. To that end we observe and propose the following.
Observation 1: We do not have to turn all of the testing protocol into over the air signaling
Observation 2: We do not have to have an independent IODT bit for every feature that can conceivably (but perhaps not usefully) be deployed without another feature
Observation 3: All unlicensed features were developed for unlicensed use in that WID, and by default are only available for use in shared spectrum unless we make a specific decision otherwise.
Proposal:  For uniform handling of rel-16 UE features
· A basic or possibly basic FG is designated as such in the “Mandatory/Optional” column
· If agreed, “Optional with capability signalling. The FG must be supported for XXX”. 
· If proposed but not yet agreed, “Optional with capability signalling. This is possibly a basic feature group for XXX.”
· It is acceptable but not required to additionally have “This is a basic feature group” text in the Mandatory/Optional column or the Notes column
· It is acceptable but not required to additionally name a feature group as “Basic…”
· Dependent basic FGs are handled the same way as high-level basic FGs
· The term “conditionally mandatory” is not used
· The pre-requisite column should not be left blank
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APPENDIX
The current draft of the NR UE features list [4] indicates “basic” in the FGs as follows.
NR_2step_RACH. “Basic” is in the FG 9-1 feature group name, “Optional with capability signaling”, and no 2-step RACH as a Consequence. FG 9-2 is “Conditionally mandatory”. Several “Optional with capability signaling” FGs list the basic feature as a pre-requisite. Not many FGs.

NR-unlicensed. Several FGs have the Note “This can be a basic feature group for operating in unlicensed band with…”, which are intended to be the several highest-level basic feature groups. They are listed as “Optional with capability signaling”. There are other “Optional…” feature groups where the pre-requisites are listed to the basic feature groups. Overall, there are a very large number of feature groups.

NR_L1enh_URLLC. No feature groups are labelled “basic”. 11-2 has the Note “This capability is necessary for SCS 15kHz and 30kHz”. All FGs are “Optional with …”. Several FGs have pre-requisites listed. There have been proposals to identify FGs more useful for low latency, and more useful for high reliability. Not so many FGs.

NR_IIOT. Similar to URLLC. Not many FGs.

NR positioning. The positioning FGs may not be stable as reorganized by the rapporteur but not yet discussed. Though not called “basic feature groups”, the organization is similar to NR-U in that there are several FGs that act as highest-level or basic FGs for the different positioning methods. There are a large number of components, similar to Alt 1 of 2-step RACH. Currently not so many FGs.

NR TEI. Generally these are independent “Optional with capability…” FGs. Several FGs have the Note “For DSS”, but there is no mention of a basic FG for DSS. Not many FGs.

5G_V2X_NRSL. A number of FGs are Noted “This is the basic FG for sidelink…”. All FGs are “Optional with …”, with additional descriptive text for the ones that are basic FGs (“For UE supports NR sidelink, UE must indicate this FG is supported.”). The term “basic” is used for both the highest-level and dependent FGs that are “basic”, with pre-requisites that show the hierarchy. There are a fair number of FGs.

NR_eMIMO. The MIMO features were divided into a number of separate rows, where some FGs list “basic” and “optional” components. Additional modifications may be required to take into account feedback from RAN2 and RAN. Most are listed as “TBD” with a few as “Optional…”. An attempt is made to list pre-requisites. 

NR_CLI_RIM. There are two highest-level FGs and two dependent FGs indicated by pre-requisite. No indication of “basic”. All are “Optional with…”.

MR-DC/CA enhancement. One FG 18-1 is named “Basic..”, with several other FGs dependent on it via pre-requisite. All but one FG are labelled “Optional with …”, with 18-8 as [Optional … or Mandatory …].

UE Power Saving. There are a small number of clearly defined and independent FGs, all “Optional with …” and no mention of “basic”.

NR_IAB. No mention of “basic” but a “basic” structure is established:  FGs are “Optional with capability signaling”, with all but one of them also indicating “For device supports IAB backhaul, it must report this FG is supported”. That one (20-5) has no pre-requisite. Not many FGs.

Mobility Enhancement. A small number of RAN1 FGs as “Optional with…”. FG 21-1 in [ ] as will be discussed if should be mandatory in certain bands.


image1.emf
-   Terminology definitions based on Rel - 15 (TR38.822)      “ Feature(s) ” : It is a highest level grouping. In Rel - 16, it is per - WI grouping.      “ Feature group(s) ” : It is a kind of  “ subfeature(s) ”   within a  “ feat ure ” , and is defined by  each row in the UE features list.       “ Component(s) ” : One feature group contains one or multiple components. When UE reports  support of the feature group, basically it is applied to all components in the feature group.  


