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1 Introduction
In RAN1#97 [1], the following agreements and conclusion were made for resource allocation for NR V2X mode2 as:
· NR V2X Mode-2 supports resource reservation for feedback-based PSSCH retransmissions by signaling associated with a prior transmission of the same TB
· FFS impact on subsequent sensing and resource selection procedures
· At least from the transmitter perspective of this TB, usage of HARQ feedback for release of unused resource(s) is supported
· No additional signaling is defined for the purpose of release of unused resources by the transmitting UE
· FFS the behavior of the receiver UE(s) of this TB and other UEs
· RAN1 to discuss further the following
· Maximum number of blind retransmissions supported for one TB
· Maximum number of reserved blind retransmission
· Maximum number of HARQ feedback-based retransmissions supported for one TB
· Maximum number of reserved HARQ feedback-based retransmission 
· RAN1 to further select between the following options of sidelink resource reservation for blind retransmissions:
· Option 1: A transmission can reserve resources for none, one, or more than one blind retransmission
· Option 2: A transmission can reserve resource for none or one blind retransmission
· Resource selection window is defined as a time interval where a UE selects sidelink resources for transmission
· The resource selection window starts T1 ≥ 0 after a resource (re-)selection trigger and is bounded by at least a remaining packet delay budget
· FFS T1 value, whether it is measured in slots, symbols, ms, etc.
· FFS other conditions
· Support a sub-channel as the minimum granularity in frequency domain for the sensing for PSSCH resource selection
· No additional sensing for other channels
In addition, the following agreement was made in RAN84 [2] as
· In order to expedite the V2X sidelink work, RAN1 is advised to reuse NR Uu design and/or LTE sidelink design to the greatest extent appropriate, unless there are strong reasons to deviate from these. 
Based on last RAN1 agreements and RAN plenary agreement, this contribution provides our view on Mode 2 resource allocation for NR sidelink.

2 Discussion
For Mode 2 resource allocation, there are still many issues and they are discussed in this Section. 
Issue 1: Sensing window and resource selection window
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Figure 1. Sensing window and resource selection window




In the last RAN1#97 meeting, it was agreed that resource selection window is defined as a time interval where a UE selects sidelink resources for transmission. According to this agreement, as shown in Figure 1, the resource selection window can be started after slot n where resource (re-)selection trigger is occurred. However, details on how to set the time interval has not been decided yet. Since resource selection window is already defined in LTE Mode 4 [3], it can be reused with some modification. Specifically, in Rel-16 NR V2X, the time interval for resource selection window can be defined as  and  and  are measured in slots for time duration corresponding SCS and both lower and upper bound of  can be configured.

Proposal 1: Reuse the time interval setting for resource selection window as in LTE Mode 4 with the following modifications:
· 

 and  are measured in slots for time duration corresponding SCS and are up to UE implementation.
· Both lower and upper bound of T2 are provided by higher layer for priority of TX UE.
For resource selection within the resource selection window, a unit of resource needs to be defined and for this, the definition used LTE Mode 4 can be reused [3]. For example, a candidate single-slot resource for PSSCH transmission is shown in Figure 1, which is the unit of resource for sensing and resource selection procedure. 
Proposal 2: Reuse the definition of a unit of resource for sensing and resource selection as in LTE Mode 4 as follows:
· 






A candidate single-slot resource for PSSCH transmission  is defined as a set of  contiguous sub-channels with sub-channel x+j in slot  where. The UE shall assume that any set of  contiguous sub-channels included in the corresponding PSSCH resource pool within the time interval  corresponds to one candidate single-slot resource. The total number of the candidate single-slot resources is denoted by.
On the other hand, sensing procedure was agreed as decoding SCI(s) from other UEs and/or SL measurements. However, how to define sensing window was not discussed yet. Depending on how to define the sensing window, different sensing procedures are expected. At first, for the simplicity of discussion, sensing window A and sensing window B are defined as shown in Figure 1. Note that distinguishing sensing window A and B may or may not be meaningful. However, we use this term at least for convenience of explanation. Second, we can consider possible sensing procedure for the defined sensing window as:
· Sensing window A is defined as a time interval of [n-T0, n-1] and a possible sensing procedure in this window A is
· Method 1: Decodes SCI(s) from other UEs and performs SL measurements for resource exclusion within the resource selection window
· Sensing window B is defined as a time interval of [n+T1’, n+T2’] and possible candidate sensing procedures in this window are
· Method 1: Decodes SCI(s) from other UEs and performs SL measurements for resource exclusion within the resource selection window
· Method 2: Energy detection (LBT like sensing) to find an idle candidate single-slot resource for PSSCH transmission.
· Method 3: combination of Method 1 and Method 2
Notice that Method 1 in sensing window A is same as in LTE Mode 4 [3]. Method 1 in sensing window B can be used together with sensing window A. In this case, Method 1 in sensing window B can provide additional sensing results after slot n, thus resources already selected from sensing window A can be excluded again (and possible reselection of the resource). In case of Method 2 in sensing window B, energy detection is used for sensing aperiodic traffic. Depending on the duration where energy detection is performed in sensing window B, the following 3 options can be considered as:
· Opt 1: Slot level energy detection
· Duration for slot level energy detection can be decided within [0 X] where ‘0’ means no sensing and X is the number of slots. X can be fixed or configurable or UE can select X randomly or X can be linked to packet priority level.
· Energy detection can be performed for X slots corresponding to PSSCH resource pool and for the candidate single-slot resources.
· For X=1, energy detection is performed in every slot corresponding to PSSCH resource pool and for the candidate single-slot resources. If SCI decoding and resource exclusion procedure is used together, Method 2 can be included in this case. 
· For X>1, one shot detection or contention based detection can be applied 
· Energy detection can be performed in PSSCH region
· Opt 2: Symbol level energy detection
· Duration for symbol level energy detection can be decided within [0 Y] where ‘0’ means no sensing and Y is the number of symbols. Y can be fixed or configurable or UE can select Y randomly or Y can be linked to packet priority level.
· Energy detection can be performed for Y symbols within PSSCH region or other region (ex., within AGC symbols) in a slot corresponding to PSSCH resource pool and for the candidate single-slot resources
· Opt 3: Short duration (smaller than symbol duration) energy detection
· Short duration can be decided within [0 Z] where ‘0’ means no sensing and Z is sensing duration (16 µsec or more small duration can be considered). Z can be fixed or configurable or UE can select Z randomly or Z can be linked to packet priority level.
· Energy detection can be performed over Z duration within AGC region (assume that AGC preamble is transmitted) in a slot corresponding to PSSCH resource pool and for the candidate single-slot resources
Based on the discussion above, possible alternatives are summarized in Table 1.
Table 1. Possible alternatives for sensing procedure in Mode 2 resource allocation
	Alternatives
	Sensing window
	Sensing procedure
	Note

	Alt 1
	A only
	Method 1
	Pros: LTE Mode 4 can be reused
Cons: Sensing procedure is targeted periodic traffic only

	Alt 2-1
	B only
	Method 3 with Opt 1
	Pros: Sensing procedure can be used regardless of traffic types 
Cons: For Opt 3, AGC preamble should be introduced

	Alt 2-2
	
	Method 3 with Opt 2
	

	Alt 2-3
	
	Method 3 with Opt 3
	

	Alt 3-1
	A + B
	A (Method 1) + B (Method 1)
	Pros: Simple extension of LTE Mode 4
Cons: Sensing procedure is targeted periodic traffic only

	Alt 3-2
	
	A (Method 1) + B (Method 2 with Opt 1)
	Pros: Good performance is expected
Cons: For Opt 3, AGC preamble should be introduced

	Alt 3-3
	
	A (Method 1) + B (Method 2 with Opt 2)
	

	Alt 3-4
	
	A (Method 1) + B (Method 2 with Opt 3)
	

	Alt 3-5
	
	A (Method 1) + B (Method 3 with Opt 1)
	

	Alt 3-6
	
	A (Method 1) + B (Method 3 with Opt 2)
	

	Alt 3-7
	
	A (Method 1) + B (Method 3 with Opt 3)
	


Since it was already agreed that sensing procedure includes SCI decoding, only Method 3 was considered in Alt 2-1, Alt 2-2,  and, Alt 2-3 in Table 1 when sensing window B is used only. Also in Table 1, it is pointed out that Opt 3 has a disadvantage because AGC preamble should be supported and transmitted before UE transmits PSCCH/PSSCH. However, Opt 3 has a good combination with long-term sensing since UE can immediately transmit PSCCH/PSSCH right after sensing AGC symbol(s) if sensing result is idle. In addition, our evaluation results [4] show that Alt 3-3 shows good PRR performance when it compared with LTE Mode 4 and reservation-based resource allocation. However, we need to consider RAN plenary agreement [2] on reusing LTE sidelink design as much as possible. 
Observation: To define a sensing window and detailed sensing procedure, further discussion is necessary considering performance gain, sidelink slot structure, and limited time line for Rel-16 NR V2X.
Issue 2: Sidelink measurement in sensing procedure
It was agreed that the sensing procedure uses a L1 SL-RSRP measurement based on SL DMRS when the corresponding SCI is decoded. It is desirable to reuse LTE Mode 4 principle for NR V2X as much as possible as long as technical justifications are not identified. So, it is proposed that L1 SL-RSRP of PSSCH DMRS and L1 SL-RSSI are supported for sensing procedure. Whether any additional metric (e.g., SL-RSRQ) is needed other than these metrics can be further discussed. 
Proposal 3: L1 SL-RSRP measured by PSSCH DMRS and L1 SL-RSSI are supported in NR V2X.
Issue 3: Resource selection procedure
For resource selection procedure, timing gap for selected transmission opportunities in resource selection procedure needs to be discussed when feedback-based retransmission or blind retransmission is enabled. Basically, design philosophy used for LTE V2X Mode 4 can be reused. However, for feedback-based retransmission, further consideration on the time gap is necessary, i.e., configured periodicity of PSFCH resources (N), slot offset between PSSCH and the associated PSFCH, UE processing time, latency requirement, and so on.
Proposal 4: When HARQ is enabled, resource selection procedure should guarantee a sufficient timing gap for different transmission opportunities considering the configured periodicity of PSFCH resource(N) and slot offset between PSSCH and PSFCH (K, considering PSSCH processing time).
On the other hand, whether the combined operation of blind and feedback-based retransmissions is allowed or not needs to be discussed. It is obvious that for broadcast, blind retransmission is used because HARQ is not supported. However, for unicast and groupcast, HARQ can be enabled or disabled. Then, the question is whether blind retransmission can be used when HARQ is enabled. So far, there has been no strong motivation to support this.
Proposal 5: For unicast and groupcast, either blind retransmission or HARQ-based retransmission can be enabled and enabling of both is not supported.
Issue 4: The number of blind and feedback-based retransmissions
In the last RAN1#97 meeting, it was concluded that further discussion is necessary on the number of blind and feedback-based retransmissions as shown in Table 2. If the maximum number of reserved retransmission becomes 4, signalling overhead will be increased too much. On the other hand, it is considered that one TB is retransmitted up to 4 in order to guarantee performance targeting 99.99% reliability in NR V2X service scenarios [5]. However, some V2X service scenarios may not require such high reliability and the maximum number of retransmissions supported for one TB can be configured into 2.
Table 2 Possible candidate numbers for blind and feedback-based retransmission
	
	Case 1
	Case 2
	Case 3

	Maximum number of retransmissions supported for one TB
	4
	4
	2

	Maximum number of reserved retransmission
	4
	2
	2


Therefore, considering both signaling overhead and performance, the following is proposed:
Proposal 6: 
· Maximum number of blind retransmissions supported for one TB: configurable between 2 and 4
· Maximum number of reserved blind retransmission: 2
· Maximum number of HARQ feedback-based retransmissions supported for one TB: configurable between 2 and 4
· Maximum number of reserved HARQ feedback-based retransmission: 2
Issue 5: Chain and look ahead reservation
In addition, there is an on-going discussion on reservation method, especially for how to signal time and frequency resources for the corresponding PSSCH. Two candidate reservation methods are on the table: chain reservation and look-ahead reservation. In case of chain reservation, performance loss is expected when the reservation number is smaller than the maximum retransmission number. On the other hand, a disadvantage of look ahead reservation is huge signalling overhead when the maximum number of retransmission numbers is high, e..g, 4. Figure 2 illustrates an overhead problem for look-ahead reservation focused on time gap signalling when the maximum retransmission number is 4. If signalling overhead on frequency resource location is considered together, look ahead reservation seems not feasible when the maximum retransmission number is 4. 
Proposal 7: To down-select between look-ahead reservation and chain-reservation after determining the maximum number of retransmissions first.
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[bookmark: _GoBack]Figure 2. Comparison of look ahead and chain reservation (focused on time gap signalling only)
Issue 6: SCI contents for resource allocation
Resource allocation information is included in SCI and SCI used for LTE Mode 4 can be the starting point. So, the following are included in SCI.
· Frequency resource location for initial transmission and retransmission: 
· Time gap between initial transmission and retransmission
In addition, NDI and RV fields are necessary for SL HARQ operation. Also, resource reservation field is required to indicate reservation interval provided by higher layer. 
Proposal 8: SCI includes the following bit fields for resource allocation:
· Frequency resource location for initial transmission and retransmission: 
· Time gap between initial transmission and retransmission
· NDI
· RV
· Resource reservation
Issue 7: Stand-alone PSCCH transmission for resource reservation
If a standalone reservation signal is transmitted instead before the actual data transmission, extra latency would be incurred. Moreover, a standalone reservation signal would require a new SCI design and a new resource allocation. Also, it will cause potential collision between reservation signals among UEs and fewer available candidate resources due to a shorter resource selection window. Evaluation results in [4] show the reservation-based resource allocation via a standalone SCI cannot achieve better performance compared with other resource allocation mechanisms for both periodic and aperiodic traffics. 
Proposal 9: Stand-alone PSCCH transmission for resource reservation is not supported.

3 Conclusions
In this contribution, we presented our views on Mode 2 resource allocation for NR sidelink. Based on the discussion, the following proposals and observation are provided:

Proposal 1: Reuse the time interval setting for resource selection window as in LTE Mode 4 with the following modifications:
· 

 and  are measured in slots for time duration corresponding SCS and are up to UE implementation.
· Both lower and upper bound of T2 are provided by higher layer for priority of TX UE.
Proposal 2: Reuse the definition of a unit of resource for sensing and resource selection as in LTE Mode 4 as follows:
· 






A candidate single-slot resource for PSSCH transmission  is defined as a set of  contiguous sub-channels with sub-channel x+j in slot  where. The UE shall assume that any set of  contiguous sub-channels included in the corresponding PSSCH resource pool within the time interval  corresponds to one candidate single-slot resource. The total number of the candidate single-slot resources is denoted by.
Observation: To define a sensing window and detailed sensing procedure, further discussion is necessary considering performance gain, sidelink slot structure, and limited time line for Rel-16 NR V2X.
Proposal 3: L1 SL-RSRP measured by PSSCH DMRS and L1 SL-RSSI are supported in NR V2X.
Proposal 4: When HARQ is enabled, resource selection procedure should guarantee a sufficient timing gap for different transmission opportunities considering the configured periodicity of PSFCH resource(N) and slot offset between PSSCH and PSFCH (K, considering PSSCH processing time).
Proposal 5: For unicast and groupcast, either blind retransmission or HARQ-based retransmission can be enabled and enabling of both is not supported.
Proposal 6: 
· Maximum number of blind retransmissions supported for one TB: configurable between 2 and 4
· Maximum number of reserved blind retransmission: 2
· Maximum number of HARQ feedback-based retransmissions supported for one TB: configurable between 2 and 4
· Maximum number of reserved HARQ feedback-based retransmission: 2
Proposal 7: To down-select between look-ahead reservation and chain-reservation after determining the maximum number of retransmissions first.
Proposal 8: SCI includes the following bit fields for resource allocation:
· Frequency resource location for initial transmission and retransmission: 
· Time gap between initial transmission and retransmission
· NDI
· RV
· Resource reservation
Proposal 9: Stand-alone PSCCH transmission for resource reservation is not supported.
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