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Introduction
Some sub-modes of NR sidelink mode 2 resource scheme are defined in RAN 1 #94 meeting [1], and further agreements are reached in RAN 1 #94bis meeting [2] as following:
· Mode-2 definition covers potential sidelink radio-layer functionality or resource allocation sub-modes (subject to further refinement including merging of some or all of them) where
a) UE autonomously selects sidelink resource for transmission
b) UE assists sidelink resource selection for other UE(s)
c) UE is configured with NR configured grant (type-1 like) for sidelink transmission
d) UE schedules sidelink transmissions of other UEs
· sidelink sensing and resource selection procedures are studied for Mode-2(a)
· The following techniques are studied to identify occupied sidelink resources
· decoding of sidelink control channel transmissions
· sidelink measurements
· detection of sidelink transmissions
· other options are not precluded, including combination of the above options
· The following aspects are studied for sidelink resource selection
· how a UE selects resource for PSCCH and PSSCH transmission (or other sidelink physical channel/signal, if it is introduced)
· which information is used by UE for resource selection procedure
· The following aspects about assistance information are studied for Mode 2(b)
· Which assistance information is used and how it is acquired
· Which UE sends assistance information
· How to deliver assistance information, including physical channel and UE behavior
· How assistance information is taken into account in determination of sidelink resource for transmission
· RAN1 to further study whether some or all of Mode-2(b) functionality is a part of Mode-2(a)(c)(d)
· The following aspects are studied for Mode 2(c)
· How to assign resource(s) for UE sidelink transmission to mitigate collisions and half-duplex impacts
· Whether any sensing or resource selection procedure is used on top of configured grant(s)
· Whether and how to use any granted but unused resources
· How to adapt to traffic variation
· How it is different from Mode-1 operation for in-coverage scenario
· How it is different from Mode-2(a), when Mode-2(a) uses dedicated resource pool with dedicated sidelink resource pool configuration
· Whether and how this mode operates out of network coverage
· RAN1 to further study whether some or all of Mode-2(c) functionality is a part of Mode-2(a)(b)(d)
· The following aspects are studied for Mode 2(d)
· In which use cases/scenarios this mode is applicable
· What is the overall architecture for Mode-2(d) operation
· How to decide which UE schedules which other UE(s) and how to maintain this relationship
· What is the procedure of UE(s) when the scheduling UE disappears
· What is the scheduling UE behavior and signaling mechanism to schedule sidelink resources for transmission/reception for other UEs
· Which resources can be used to schedule other UEs 
· Inter- and intra-UE collision handling and sidelink resource allocation mechanisms across groups.
· RAN1 to further study whether or not some or all of the above aspects are applicable to 2(b)
Based on the above agreements, further details of the sub-modes should be discussed and whether all the sub-modes need to be supported in NR sidelink should be determined.  In this contribution, we present some analyses on the sub-modes of mode 2, targeting to narrow down the candidate sub-modes for further study.
Analyses on Mode 2 resource schemes
Sub-mode 2a
There is no doubt about the fact that sub-mode 2a is the basic version of mode 2 resource selection.  Furthermore, the actual implement of sub-mode 2a may have several different ways, including random selection, SCI decoding based selection, or measuring-based selection, etc.  
For SCI decoding based sub-mode 2a, LTE mode 4 resource scheme can be used as a starting point.  Because SCI information can be used to predict the channel resources occupation status, it can provide reference information in resource selection.  The detailed content of SCI and the associated procedures should be further studied, including the resource indication of PSCCH, PSSCH, or feedback resource allocation (if present).
On the other hand, for non-periodical traffic or burst transmissions on NR sidelink, it can be difficult for SCI decoding based scheme to avoid potential resource conflict.  For these cases, power measurement may provide some reference information for resource selection, including the measurement sensed by the selecting UE itself or measurement report received from other UEs, for instance, the report from member UEs to the header UE in platooning use case.  Furthermore, the metric which is used to describe the measurement result should be discussed and determined, such as PRPA or BSR used in LTE sidelink sensing.  If the measurement report is supported, which type of scenarios needs to introduce the report mechanism and how to convey and use the report information should be further studied. 
Another implementation scheme of sub-mode 2a is to use preamble-like signal sensing and measuring for resource selection.  Noticeably, a preamble-based resource selection scheme has significant differences from legacy schemes and may needs some modification on slot structure.  Therefore, whether to introduce a preamble-based scheme into NR sidelink should be discussed more.
Proposal 1:  The sub-mode 2a is the baseline of mode 2.
[bookmark: _GoBack]Proposal 2:  The details of sub-mode 2a should be further studied, at least including:
-  for SCI decoding based scheme, the information contained in SCI is FFS, e.g. resource occupation information for subsequent transmission, including PSCCH, PSSCH, or feedback resource(if present);
-  for measuring based scheme, the metric of measurement should be determined, such as PAPR or BSR;
- whether to introduce a preamble-like signal to announce resource occupation;
- whether and how to transmit a UE’s measurement report to other UEs.
Sub-mode 2b
In RAN1’s description of sub-mode 2b: 
- UE assists sidelink resource selection for transmission;
the meaning of “assistance information” is not very clear.  To further explore the discussion of sub-mode 2b, RAN1 may need to clarify the exact meaning of sub-mode 2b.  
Based on the discussion during RAN1 #94bis meeting, some understanding to sub-mode 2b is obtained:
- it is mainly used for groupcast scenarios, especially for the platooning case;
- the header UE can provide the assistance information to member UEs belonging to the group, e.g. by groupcast signaling;
- the assistance information may be presented as a configuration to member UEs, including dedicated resource pool/set, whether additional information is needed remains FFS;
- the member UEs can select and use the resources which are indicated by the assistance information;
- sub-mode 2b does not support header UE to exactly schedule resources for member UEs. 
In sub-mode 2b, the assistance information is delivered by header UE and does not contain the channel measurement information that is considered in sub-mode 2a.  Further, while the sub-mode 2b can be understood as mainly used in platooning use case with one header and multiple members, it needs the clarification whether the sub-mode itself and the associated procedures/behaviors are defined on the per UE basis or per group basis. 
Proposal 3:  RAN1 further clarifies the definition of sub-mode 2b, for example, whether sub-mode 2b is dedicatedly defined for grouping of UE with one header UE providing assistance information to other member UEs. 
Proposal 4:  The assistance information used in sub-mode 2b includes the configuration of available resources for a UE/group.  FFS whether other information can be contained in the assistance information.
Sub-mode 2c
Sub-mode 2c tries to reuse NR configured grant mechanism (mainly configured grant type 1) for sidelink resource allocation.  The configured grant can have two cases as following, where the case 1 can be applicable to in-coverage UEs and the case 2 is normally applicable to out-of-coverage UE. 
- Case 1:  The configured grant is indicated by gNB. 
- Case 2:  The configured grant is pre-configured.
For case 1, as defined in NR Uu, the type 1 configured grant assigns reserved resources that can be shared by multiple UEs and used by UE’s demand without additional resource request or indication.  The resources indicated in the type 1 configured grant can be seen as a sidelink resource pool with no limitation on how to use the resources.  Therefore, UE can further select resources in the resource pool by using suitable schemes, such as the ones discussed for sub-mode 2a. That is to say, the sub-mode 2c has no different effect than the issues discussed in sub-mode 2a.
For case 2, pre-configuration information assigns all the available resources for sidelink communication which should be a complete resource set and shared by all the UEs.  If type 1 configured grant is introduced to sidelink, it may be used to reserve a resource subset for latency-critical services.  But for out-of-coverage scenario, it is unreasonable to define such a pre-configuration of SPS resource reservation without any information about UE demands.  Besides that, even certain type 1 grant is pre-configured, resource collision between UEs cannot be avoid effectively since the same pre-configuration is used by all the UEs.  In a word, using sub-mode 2c cannot provide extra performance benefits for out-of-coverage UEs.
Based on the analyses above, the sub-mode 2c should not be treated as an independent option for mode 2 sidelink resource scheme, and we propose to exclude sub-mode 2c from the RAN1 discussion.
Proposal 5: The sub-mode 2c should be excluded.
Sub-mode 2d
The sub-mode 2d refers to a groupcast scenario in which a master UE has high capability or authority to manage other UEs in the group, including scheduling transmissions of member UEs, acting as a representative of the group to exchange information with network or other groups. 
To support sub-mode 2d, at least the following issues should be discussed and standardized:
- how to choose a master UE within a group;
- the mechanism to trigger and process a master UE re-selection;
- the mechanism of setting connection between master UE and member UEs, directly or indirectly, as well as identity authentication between them;
- signaling schemes for indicating the resource allocation of PSCCH and PSSCH, potential feedback or measurement report;
Obviously, the above issues call for lots of RAN1 discussion and introduce more complexity on sidelink protocol.  At the meanwhile, using sub-mode 2d may not offer a reasonable performance, such as the latency feature which may be significant larger than direct sidelink communication since the signal may need to be relayed through multiple UEs between the master UE and the destination member UE.  Besides that, in order to perform effective resource scheduling, member UE should report its BSR, feedback, measurement result, etc, to the master UE.  It needs extra signaling overhead and the reports may be unusable anyway by the master UE because of the latency.
Another issue is that, even though the master UE schedules resource among member UEs so that there is no resource collision within the group, the group members may still experience resource collisions with other UEs not in the same group, because the resources available to the group may be selected from a sidelink resource pool that is shared by multiple groups.  
Therefore, we propose not to introduce sub-mode 2d for sidelink.
Proposal 6:  Do not support sub-mode 2d.
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In this paper, we discuss the sub-modes of mode 2 sidelink resource schemes and propose the following:
Proposal 1:  The sub-mode 2a is the baseline of mode 2.
Proposal 2:  The details of sub-mode 2a should be further studied, at least including:
-  for SCI decoding based scheme, the information contained in SCI is FFS, e.g. resource occupation information for subsequent transmission, including PSCCH, PSSCH, or feedback resource(if present);
-  for measuring based scheme, the metric of measurement should be determined, such as PAPR or BSR;
- whether to introduce a preamble-like signal to announce resource occupation;
- whether and how to transmit a UE’s measurement report to other UEs.
Proposal 3:  RAN1 further clarifies the definition of sub-mode 2b, for example, whether sub-mode 2b is dedicatedly defined for grouping of UE with one header UE providing assistance information to other member UEs. 
Proposal 4:  The assistance information used in sub-mode 2b includes the configuration of available resources for a UE/group.  FFS whether other information can be contained in the assistance information.
Proposal 5: The sub-mode 2c should be excluded.
Proposal 6:  Do not support sub-mode 2d.
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