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Introduction
In RAN1 #95 meeting[1], agreements of mode 2 are reached as following:
Sensing procedure is defined as SCI decoding from other UEs and/or sidelink measurements
· FFS information extracted from SCI decoding
· FFS sidelink measurements used
· FFS UE behavior and timescale of sensing procedure
· Note: It is up to further discussion whether SFCI is to be used in sensing procedure
· Note: Sensing procedure can be discussed in the context of other modes
For Mode-2(a), the following schemes for resource selection are evaluated, including
· Semi-persistent scheme: resource(s) are selected for multiple transmissions of different TBs 
· Dynamic scheme: resource(s) are selected for each TB transmission
For  Mode-2(c),
· For out of coverage operation, Mode-2(c) assumes (pre)-configuration of single or multiple sidelink transmission patterns (patterns are defined on each sidelink resource pool). 
· For in-coverage operation, Mode-2(c) assumes that gNB configuration indicates single or multiple sidelink transmission patterns (patterns are defined on each sidelink resource pool)
· FFS pattern design in time and frequency for periodic and aperiodic traffic
· If single pattern is configured to transmitting UE there is no sensing procedure executed by UE
· If multiple patterns are configured to transmitting UE there is a possibility of sensing procedure executed by UE
· Pattern is defined as follows
· Size of the resource in time and frequency
· Position(s) of the resource in time and frequency
· Number of resources
· FFS pattern selection procedure by UE
For Mode-2(d) operation, further study the following potential radio-layer procedures including at least the following
· Procedures to become/serve as a scheduling UE for in-coverage and out-of-coverage scenarios
· The following options are identified for further study:
· Scheduling UE is configured by gNB
· Application layer or pre-configuration selects scheduling UE
· Receiver UE schedules transmissions of the transmitter UE during the session
· Scheduling UE is decided by multiple UEs including the one that is finally selected
· UE may autonomously decide to serve as a scheduling UE (self-nomination) / offer scheduling UE functions
Initialization of Mode-2(d) operation is FFS
For Mode-2(d) operation, further study the following potential radio-layer procedures including at least the following
· Procedure to determine a set of sidelink resources a scheduling UE can use for scheduling of other UEs
· The following options are identified:
·  Based on sensing procedure by scheduling UE
·  Configured by gNB if scheduling UE is in-coverage
·  Pre-configured if scheduling UE is out of coverage
· Transmitting UE provides information about sidelink resources to scheduling UE
· FFS behavior/algorithm of scheduling UE 
· Behavior of scheduling UE to signal scheduling decisions for transmission/reception of other UEs
· The following options are identified:
· Physical layer signaling
· Higher layer signaling
· UE behavior to (re)-select scheduling UE(s)
· UE behavior to associate to scheduling UE(s)
· UE behavior when scheduling UE stop scheduling
· Resource management to address collision/interference and half-duplex issues b/w UEs scheduled by different scheduling UEs
· Relationship between scheduling UE and UE groups from upper layer perspective
· Whether UEs from the same upper layer group are served by the same scheduling UE
· Resources used for communication before UE is associated with a scheduling UE
Based on the above agreements, further details of the sub-mode 2a/2c/2d 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.
Analyses on Mode 2 resource schemes
Sub-mode 2a
For SCI decoding based resource selecting as mode 2a scheme, the resources reservation indication contained in SCI should be discussed according to diverse sensing requirements, including the SPS services and dynamic resource occupation.  
Similar with the indicator in LTE SCI format, the resource reservation information and period of SPS services should be indicated in SCI and then receiving UEs can obtain certain prospect of which resources are not available.  The period indicated in SCI for SPS services can be used for predict the resources occupation status for following several periods.  In other words, UE can execute resource selecting by a long term sensing of SCI with period indication.  
On the other hand, for dynamic resource selecting and occupation, short term sensing can provide more efficient information for UEs.  When a UE tries to occupy some resources dynamically in mode 2a, it can announce the resources pre-occupation in advance.  Other UEs can be aware of the announcement by short term sensing of SCI, and then avoid selecting the same resources.  In order to inform the resource occupation dynamically, UE should transmit a SCI which indicates the reservation of selected resources several slots later.
According to the above discussion, the following information should be contained in SCI:
Proposal 1:  For SCI decoding based scheme, the information contained in SCI includes:
- period indication for SPS services;
- time interval between SCI and the reserved resources for dynamic resource selecting.
Sub-mode 2c
For sub-mode 2c, a time and frequency resources pattern scheme is presented in #95 meeting and some initial agreements are achieved as basement for further details study. As TFRP(time and frequency resources pattern) should be studied for mode 2c,at least the following issues should be discussed and standard:
-  Pattern rules
Since sidelink resource pool configuration is flexible, i.e. the number and position of slots and RBs contained in a sidelink resource pool can be various, a uniform rule should be defined which can be used for any configuration of a sidelink resource pool.  In details, it includes defining the number of slots and RBs for one pattern, time and frequency resource position for each pattern, pattern index sequence etc.  
According to the rules, a certain resource pattern for a particular resource pool should be determined by UEs with limited parameter assignment or even without extra signaling indication for pattern allocation.
Once resource pattern is defined on sidelink, the resource flexibility is restricted, in particular, a fixed number of slots and RBs is included in one resource pattern.  Considering the various requirements of NR V2X services, TFRP may restrict the flexibility of sidelink resource scheme.
-  Repetition rule 
A major advantage of pattern based schemes is that half-duplex issue can be mitigated by information retransmission using a ruled time resource pattern.  A typical example is SCI transmitting on D2D communication which can avoid half-duplex between SCIs thoroughly as every SCI should be transmitted twice according to a fixed time and frequency pattern.  In fact, the half-duplex avoidance is not an essential character of resource pattern scheme but an effect by retransmission on different time resources. In other words, only for the case that defining signal retransmission rule combined with resource pattern, half-duplex avoidance can be achieved based on TFRP.  
Besides that, fixed retransmission rule based on TFRP may also cause another case that when different UEs choose the same resource pattern, it means the resources used by the UEs would be conflicted for every transmission.
Based on the above discussion, TFRP scheme cannot provide certain advantages, such as half-duplex avoidance or extra resource collision avoidance, and some observations can be achieved as:
Observation 1:  TFRP may introduce restriction on utilization of sidelink resource.
Observation 2:  Retransmission rule must be defined to combine with TFRP in order to obtain the half-duplex effect.
Observation 3: Advantages of using TFRP for mode 2c are not confirmed.
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;
[bookmark: _GoBack]- 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 and 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 mode 2 resource pool that is shared by multiple groups.  From this perspective, mode 2d cannot exist independently which needs an initial process to obtain group resources.  For in-coverage group, master UE can be granted a dedicated group resource pool by gNB, while for out of coverage group, master UE should compete and select resources for the group using a process similar as normal UE, such as using mode 2a.  In other words, mode 2d is not an independent sub-mode of mode 2 but a special case for sidelink resources scheduling.
Therefore, we propose not to study mode 2d as an independent mode of sidelink resource scheduling scheme, and further details needs to be discussed.
Proposal 2:  Sub-mode 2d should not be considered as an independent mode. Further details need to be studied.
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In this paper, we discuss the sub-modes of mode 2 sidelink resource schemes and conclude that:
Observation 1:  TFRP may introduce restriction on utilization of sidelink resource.
Observation 2:  Retransmission rule must be defined to combine with TFRP in order to obtain the half-duplex effect.
Observation 3: Advantages of using TFRP for mode 2c are not confirmed.
Proposal 1:  For SCI decoding based scheme, the information contained in SCI includes:
- period indication for SPS services;
- time interval between SCI and the reserved resources for dynamic resource selecting.
Proposal 2:  Sub-mode 2d should not be considered as an independent mode. Further details need to be studied.
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