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Introduction
In RAN plenary #83, a NR V2X WID [1] was approved with the following objectives regarding resource allocation:
· Resource allocation [RAN1, RAN2]
· Mode 1
· NR sidelink scheduling by NR Uu and LTE Uu as per the study outcome
· Mode 2
· Sensing and resource selection procedures based on sidelink pre-configuration and configuration by NR Uu and LTE Uu as per the study outcome
· Support for simultaneous configuration of Mode 1 and Mode 2 for a UE
· Transmitter UE operation in this configuration is to be discussed after the design of mode 1 only and mode 2 only.
· Receiver UE can receive the transmissions without knowing the resource allocation mode used by the transmitter UE. 
· UE relaying resource pool configuration or resource configuration is not supported in this work in Rel-16.
According to the WID, mode 2 sidelink resource schemes should be studied in details. Analyses on UE sensing and resource selecting process are discussed in this contribution and related proposals are presented.
Mode 2 resource allocation 
On sidelink, Tx UE performs sensing and resource selection to determine the PSCCH/PSSCH/PSFCH within mode 2 resource pool.  Then Tx UE should send SCI on the selected PSCCH resource to indicate the related information to receiving UE(s).   The details of SCI information is analyzed in the companion contribution [2], the process of sensing and selecting is discussed below.
SCI based exclusion
As analyzed in the companion paper [2], information of reserved resources for future data packet or retransmission will be indicated in SCI.  Based on that, UE can blindly detect SCI in sidelink resource pool and obtain the information of the occupied resources and then exclude them from its candidate resource set. 
For SPS services, the period of service indicates the resources occupation status for following several periods, as shown in Figure 1.  In other words, UE can execute resource selection by a long term sensing of SCI with period indication.  
[image: SPS sensing]
[bookmark: _Ref29084]Figure 1  long term sensing for SPS services
For the case of dynamic resource selection and occupation, short term sensing can provide more efficient information for UEs.  When a UE tries to occupy some resources dynamically in mode 2, 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, as shown in Figure 2.  In order to inform the resource occupation dynamically, UE should transmit a SCI which indicates the reservation of selected resources several slots later.
[image: short sensing ]
[bookmark: _Ref29515]Figure 2 short term sensing for dynamic resource reservation
For the case that SPS services and one-shot services sharing the same resource pool, UE may carry out short term sensing based on long term sensing result to select resources with lower collision probability.  
As illustrated in Figure 3, with long term and short term sensing, UE can exclude unavailable resources which are identified by SPS period indication as well as the dynamically announced resources.  By performing short term sensing before actual resource selection, UE can further avoid potential resource collision. 
[image: Plus sensing - 副本]
[bookmark: _Ref30107]Figure 3 long term + short term sensing
Proposal 1: [bookmark: _Ref3281] For mode 2 resource reservation, initial transmission resource reservation is supported. 
Measurement based exclusion 
For the cases that SCI is not detected, including the case no SCI is transmitted or SCI decoding is not successful, measurement information should be used to exclude improper resources, similar as the process in legacy sidelink.
At least, SL-RSSI is an effective metric to be used for sidelink measurement which reflects the power level on a target resource.  Based on SL-RSSI, resources with high collision possibility can be excluded.  
Proposal 2: [bookmark: _Ref5555][bookmark: _Ref3288] SL-RSSI should be used while SCI in not decoded. 
Resource selection
With SCI decoding and measurement based exclusion, the reserved resources by other Tx UEs and the resources with high interference should be excluded and the remaining resources can be set as candidate resources.  
In legacy sidelink resource selection process, the actual candidate resource set should fulfil the following requirements:
· the power metric of candidate resource E should satisfy the configured threshold;
· the number of resources in candidate resource set should be greater than or equal to 0.2 * total available resources;
Based on the above rules, it is more likely for Tx UE to choose a transmitting resource with lower collision possibility.  Therefore, for NR sidelink mode 2 resource selection, the legacy scheme should be reused as baseline.  Further improvements on resource selection rules can be studied in the future.
Proposal 3: [bookmark: _Ref21443]It is suggested to reuse legacy sidelink resource selection principle as the baseline. 
Discussion on TFRP scheme
In SI stage, besides slot and sub-channel based resource allocation, another resource grid scheme discussed for sidelink is proposed, i.e. TFRP(time and frequency resources pattern).  For TFRP, the following issues should be considered.
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 is arbitrary, a uniform rule to divide TFRP patterns within a resource pool should be defined.  In other words, the TFRP division rule should be used for any configuration of sidelink resource pool.  For each pattern, the rule should at least define the number of slots and sub-channels for the pattern, time and frequency position for the pattern and the pattern index sequence.  
According to the rule, 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 the resource pattern is defined on sidelink, the resource flexibility is restricted, since only a fixed number of slots and sub-channels are included in one resource pattern.  Considering the various requirements of NR V2X services, TFRP scheme may restrict the flexibility of sidelink resource selecting.
Observation 1:  [bookmark: _Ref3820]TFRP may introduce restriction on sidelink resource utilization.
Repetition rule 
A major advantage of pattern based schemes is that half-duplex issue can be mitigated by retransmission using a rule based time resource pattern.  A typical example is SCI transmitting on D2D communication in legacy sidelink 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 the benefit of resource pattern scheme but rather a result from retransmission on different time resources.  In other words, as long as data retransmission are defined on different time resources no matter TFRP is used or not, half-duplex avoidance can be achieved.  
Observation 2:  [bookmark: _Ref3826]Retransmission rules must be defined together with TFRP in order to obtain the half-duplex benefit.
[bookmark: _GoBack]Besides, fixed retransmission based on TFRP could cause another problem: When different UEs choose the same resource pattern, resource collision will happen for every transmission.
Based on the above discussion, TFRP scheme cannot guarantee to provide claimed benefit such as half-duplex avoidance or extra resource collision avoidance.  Further simulation results are presented in contribution [3], where it also shows that TFRP based resource selecting cannot provide significant performance improvement.
Observation 3:  [bookmark: _Ref3836]Using TFRP based resource selecting on sidelink shows no performance improvement.
Proposal 4: [bookmark: _Ref3291]For sidelink resource allocation, TFRP is not supported. 
[bookmark: OLE_LINK2][bookmark: OLE_LINK1]Conclusion
This paper discusses issues of mode 2 sidelink resource allocation, concluded with the following proposals:
Observation 1:  TFRP may introduce restriction on sidelink resource utilization.
Observation 2:  Retransmission rules must be defined together with TFRP in order to obtain the half-duplex benefit.
Observation 3:  Using TFRP based resource selecting on sidelink shows no performance improvement.
Proposal 1:   For mode 2 resource reservation, initial transmission resource reservation is supported. 
Proposal 2:   SL-RSSI should be used while SCI in not decoded. 
Proposal 3:  It is suggested to reuse legacy sidelink resource selection principle as the baseline. 
Proposal 4:  For sidelink resource allocation, TFRP is not supported. 
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