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Introduction

This contribution continues the discussion on sidelink resource allocation in mode 2 for NR V2X. The focus here is on the released reserved resource for HARQ retransmission.
Discussion
Resource reservation for sidelink transmissions
Reservation of an initial transmission
Reservation of sidelink resources by SCI is supported to avoid collisions with other sidelink transmissions. When the upper layer segments multiple TBs, the second or later TB can be reserved by the SCI associated with the first TB transmission. For periodic transmission, the SCI associated with the TB in the previous period can reserve the resource. Therefore, the issue is how to support the initial aperiodic transmission of a TB, which may be the first segmented TB or just single TB from the upper layer.
In the last meeting, following two approaches of an initial transmission of a TB were mainly discussed: one is standalone PSCCH, and the other is an initial transmission using a single sub-channel PSCCH+PSSCH reserving resources for retransmission(s) of the same TB with larger number of sub-channels. Our preference is the second approach. 
In order to have the gain of standalone PSCCH, the time-frequency resource for standalone PSCCH needs to be separately defined/reserved as standalone PSCCH cannot fill a sub-channel. The required sum resource for standalone PSCCH can vary depending on how often the initial aperiodic transmission of a TB is sent. Therefore, if such resource is semi-statically (pre)configuration, the resource can be shortage or over reservations. Both are inefficient. If such resource is dynamically coordinated, the resource usage can be resolved but how dynamically achieves such resource allocation with distributed decision in mode 2 is very difficult design problem. In addition, "no additional sensing for other channels" were agreed, which means standalone PSCCH sensing procedure is not possible. The second approach of a single sub-channel PSCCH+PSSCH avoids such separate issue of the standalone PSCCH. Even if the PSSCH part in a single sub-channel is not self-decodable, when a Rx UE receives the reserved resource, it would help as soft-combining gain. Therefore, the resource used for PSSCH in a single sub-channel is not wasted and the main purpose of a single sub-channel PSCCH+PSSCH is to reserve the resource for 2nd transmission. As there are cases that a single sub-channel PSCCH+PSSCH are not received by a Rx UE, 2nd transmission should be self-decodable. 
Proposal 1: Standalone PSCCH should not be supported. An initial transmission using a single sub-channel PSCCH+PSSCH reserving resources for retransmission(s) of the same TB with larger number of sub-channels should be supported. 
Proposal 2: An initial transmission using a single sub-channel PSCCH+PSSCH is not required to be self-decodable. Retransmission of the TB reserved by the single sub-channel PSCCH+PSSCH is self-decodable.
In the last RAN1 meeting, there were also the discussion whether the initial transmission using a single sub-channel PSCCH+PSSCH should be generalized to multiple subchannels or not. Although it can increase the chance of self-decodable for larger TB, it means more SCI bits are required as the frequency allocation field, which decrease the coverage of SCI. Using patterns for multiple frequency combinations are another possibility of not increasing SCI but the standardization effort to choose patterns would be large. Therefore, our view is only two cases of the frequency allocations are supported i.e. 1) initial transmission and retransmission of a TB are same frequency allocation and 2) initial transmission is single subchannel and the retransmission of the TB is flexible sub-channels. Then SCI needs one bit to distinguish these two cases in addition to one frequency allocation field.
Proposal 3: SCI has one frequency resource allocation field and 1 bit to distinguish between 1) initial transmission and retransmission are the indicated frequency resource allocation or 2) initial transmission is single subchannel and the retransmission is the indicated frequency resource allocation. 

Maximum number of reserved resources
Following was agreed in the last meeting:
	Agreements:
· At least for mode 2, The maximum number of SL resources NMAX reserved by one transmission including current transmission is [2 or 3 or 4]
· Aim to select the particular number in RAN1#98
· NMAX is the same regardless of whether HARQ feedback is enabled or disabled



What value is NMAX was not concluded among the candidates of [2 or 3 or 4]. LTE V2X can reserve 2 resources for current TB and 2 resources for the next periodic transmission. Therefore, the total reserved number is 4 if no distinction between current TB and the next TB. Whether the same TB or different TB can be indicated by NDI at the moment of the PSSCH transmission according to NR-V2X design, there is no need to distinguish between current TB or next TB at the moment of the reservation. In order to have same capability of the reservation function, we propose NMAX is 4 without distinction between current TB and next TB.
Proposal 4: NMAX is 4 without distinction between current TB and next TB.

Reservation signalling in the time domain
We have proposed NMAX is 4 without distinction between current TB and next TB. We also want to reuse LTE-V2X design of the reservation mechanism. Therefore, as the time domain signaling mechanism between initial reservation and 2nd reservation and between 3rd reservation and 4th reservation, we would like to reuse the mechanism of "time gap between initial transmission and retransmission" in LTE-V2X. As the time domain signaling mechanism between 1st/2nd reservation and 3rd/4th reservation, in order to support both periodic and aperiodic transmission, some modification is necessary.
In case periodic transmission, when 1st/2nd reservation and 3rd/4th reservation are respectively same TB, the time difference between 1st/2nd reservation and 3rd/4th reservation would be the order 20 or 100ms corresponding to the periodicity of the periodic transmission. The same mechanism defined in LTE-V2X as "the resource reservation field" can be reused. In case aperiodic transmission, the second segmented TB from the upper layer needs to be sent only in the order of a few to 10ms in order to reduce the latency. The required function is quite similar with the time domain indication supported by "time gap between initial transmission and retransmission" field in LTE V2X. Therefore, as the time domain signaling between 1st/2nd reservation and 3rd/4th reservation, we propose 1 bit flag in SCI indicates either 1) "the resource reservation field" is reused or 2) "time gap between initial transmission and retransmission" is reused in LTE-V2X. This is illustrated in figure 3.


Figure 3: Reservation signaling in time domain

If reusing "time gap between initial transmission and retransmission" is not preferred, another possibility would be to change the scale of X indicated in "resource reservation" is adjusted based on the flag. If the flag indicates 0, same as LTE-V2X operation of "resource reservation" value of X. If the flag indicates 1, instead of X=100, for example, 10 can be used, for the shorter time difference between 1st/2nd reservation and 3rd/4th reservation. The demerit of such scheme may be reserved slot may be contained as candidates and time could be limited to more regular number, which decrease randomization effect.
Proposal 5: As the time domain signaling mechanism between initial reservation and 2nd reservation and between 3rd reservation and 4th reservation, the mechanism of "time gap between initial transmission and retransmission" in LTE-V2X is reused.
Proposal 6: As the time domain signaling mechanism between 1st/2nd reservation and 3rd/4th reservation, 1 bit in SCI indicates to reuse between 1) "the resource reservation field" or 2) "time gap between initial transmission and retransmission" in LTE-V2X. These respectively intended for periodic transmission and aperiodic transmission.

Slot aggregation
Following was agreed in the last meeting:
	Agreements:
· In Mode-2, SCI payload indicates sub-channel(s) and slot(s) used by a UE and/or reserved by a UE for PSSCH (re-)transmission(s) 
· SL minimum resource allocation unit is a slot
· FFS whether when the resource allocation is multiple slots, the slots can be aggregated
· FFS whether in case of multiple slots, the indicated slots are contiguous or not




In above, one of the remaining FFSs is whether the slots can be aggregated or not. Our view is semi-static slot aggregation per resource pool should be supported. In other words, the resource allocation time unit in sidelink should be (pre-)configurable. More specifically, the operation like 1 resource allocation would be 1 slot in 15 kHz SCS, 2 slots in 30 kHz SCS and 4 slots in 60 kHz should be supported. When less than 1ms resource allocation size is not required for the latency, using higher SCS but to keeping the longer aggregated resource allocation size like 1ms in a resource pool can reduce the overhead caused by AGC and Tx/Rx switching symbols as these are affected by the symbol length. 
Dynamic slot aggregation has been proposed. One example is if the size of TB is larger, multiple slots would be aggregated and the aggregated slots would be treated as a unit temporary. While achieving that the larger TB is transmitted in larger resources, it causes more complexity on sensing procedure as the resource allocation boundary varies time to time and frequent to frequency. Therefore, we don't support such dynamic slot aggregation.
Proposal 7: Slot aggregation based on (pre-)configuration per a resource pool should be supported. 
Proposal 8: Dynamic slot aggregation should not be supported. 

TB size determination
During the retransmission of the same TB, even if the resource allocation size in time and frequency is changed, the same TB size should be indicated. In NR release 15, TB size is determined by the available number of REs as the input i.e. frequency allocation and the number of allocated symbols. During the retransmission of the same TB, some transmission of the same TB and SCI may be failed because of the channel condition or half-duplex. Therefore, based on each transmission of PSCCH+PSSCH, the same TB size needs to be able to be obtained.  
For frequency allocation, we discussed SCI has one frequency resource allocation field and 1 bit to distinguish between 1) initial transmission and retransmission are the indicated frequency resource allocation or 2) initial transmission is single subchannel and the retransmission is the indicated frequency resource allocation. Therefore, the TB size should be determined by the frequency resource allocation field. It means when initial transmission is single sub-channel PSCCH+PSSCH, TB size is determined by the frequency resource allocation of the retransmission.
For time domain perspective, the number of PSSCH symbol can vary slot to slot because of some of slot contains PSFCH and the symbol for PSSCH is reduced. In order to overcome this, not to take the variation of PSSCH symbols into account for TB size calculation is necessary. The symbol length of PSSCH varies further slot to slot in licensed band TDD operation because of sidelink available symbol varies further. In order to cover such cases, the number of symbols for TB determination should be (pre)configured.
Proposal 9: TB size determination algorithm is basically reused except the required modification to indicate the same TB size among retransmission of the different time/frequency allocation.
Proposal 10: On the frequency domain, TB size is determined by the frequency allocation field in a SCI. This means when initial transmission is single sub-channel PSCCH+PSSCH, TB size is determined by the frequency resource allocation of the retransmission.
Proposal 11: On the time domain, TB size is determined by a (pre)configured number of symbols. It is expected to set the minimum number of symbols in a slot.

Resource Sensing and Identification
The following was agreed in the last meeting.
	Agreements:
· The resource (re-)selection procedure includes the following steps
· Step 1: Identification of candidate resources within the resource selection window
· FFS details
· Step 2: Resource selection for (re-)transmission(s) from the identified candidate resources
· FFS details
Agreements:
· In Step 1 of the resource (re-)selection procedure, a resource is not considered as a candidate resource if:
· The resource is indicated in a received SCI and the associated L1 SL-RSRP measurement is above an SL-RSRP threshold
· The SL-RSRP threshold is at least a function of the priority of the SL transmission indicated in the received SCI and the priority of the transmission for which resources are being selected by the UE
· FFS details



In LTE, the setting formula of SL-RSRP threshold during sensing procedure is common for transmissions with different priorities, and the SL-RSRP threshold are increased until to reach 20% of the candidate resource without any limitation of the number of increments of SL-RSRP threshold. 
SL-RSRP threshold determines how spatially closed resource are reused between different transmissions. If SL-RSRP threshold is too high to reach 20% resource size, it may not have reliable transmission because two transmissions can interfere each other. Therefore, in order to have reliable transmission, the maximum allowed SL-RSRP threshold even if not reaching 20%, should be (pre)configured.
Using maximum SL-RSRP threshold, following design principle would be possible.
- when low priority transmission is intended, trying to obtain the resource indicated by low priority SCI as much as possible until reaching 20% or reaching the maximum SL-RSRP threshold for low priority SCI.
- when high priority transmission is intended, trying to obtain the resource indicated by low priority SCI as much as possible until reaching 20% or reaching the maximum SL-RSRP threshold for low priority SCI. If 20% is still not achieved, trying to obtain the resource indicated by high priority SCI as much as possible until reaching 20% or reaching the maximum SL-RSRP threshold for high priority SCI.
By using above design, high priority transmission is more protected than low priority transmission while the keeping the reliability of maximum SL-RSRP threshold. 
Maximum SL-RSRP threshold can be equivalent to how many times SL-RSRP threshold can be increased. Therefore, above design can be written in the following.
- when low priority transmission is intended, trying to obtain the resource indicated by low priority SCI as much as possible until reaching 20% or reaching the maximum allowed number of SL-RSRP threshold increment for low priority SCI.
- when high priority transmission is intended, trying to obtain the resource indicated by low priority SCI as much as possible until reaching 20% or reaching the maximum allowed number of SL-RSRP threshold increment for low priority SCI. If 20% is still not achieved, trying to obtain the resource indicated by high priority SCI as much as possible until reaching 20% or reaching the maximum allowed number of SL-RSRP threshold increment for high priority SCI.
"The maximum allowed number of SL-RSRP threshold increment for low priority SCI for low priority transmission", "the maximum allowed number of SL-RSRP threshold increment for low priority SCI for high priority transmission", and "the maximum allowed number of SL-RSRP threshold increment for high priority SCI for high priority transmission" needs to be (pre)configured.

Proposal 12: The step 1 of the resource (re-)selection procedure is following principle.
- when low priority transmission is intended, trying to obtain the resource indicated by low priority SCI as much as possible until reaching 20% or reaching the maximum allowed number of SL-RSRP threshold increment for low priority SCI.
- when high priority transmission is intended, trying to obtain the resource indicated by low priority SCI as much as possible until reaching 20% or reaching the maximum allowed number of SL-RSRP threshold increment for low priority SCI. If 20% is still not achieved, trying to obtain the resource indicated by high priority SCI as much as possible until reaching 20% or reaching the maximum allowed number of SL-RSRP threshold increment for high priority SCI.




Conclusion 
In this contribution we discussed resource allocation mechanism for mode 2. Based on the discussions, followings observation and proposals are made:
Proposal 1: Standalone PSCCH should not be supported. An initial transmission using a single sub-channel PSCCH+PSSCH reserving resources for retransmission(s) of the same TB with larger number of sub-channels should be supported. 
Proposal 2: An initial transmission using a single sub-channel PSCCH+PSSCH is not required to be self-decodable. Retransmission of the TB reserved by the single sub-channel PSCCH+PSSCH is self-decodable.
Proposal 3: SCI has one frequency resource allocation field and 1 bit to distinguish between 1) initial transmission and retransmission are the indicated frequency resource allocation or 2) initial transmission is single subchannel and the retransmission is the indicated frequency resource allocation. 
Proposal 4: NMAX is 4 without distinction between current TB and next TB.
Proposal 5: As the time domain signaling mechanism between initial reservation and 2nd reservation and between 3rd reservation and 4th reservation, the mechanism of "time gap between initial transmission and retransmission" in LTE-V2X is reused.
Proposal 6: As the time domain signaling mechanism between 1st/2nd reservation and 3rd/4th reservation, 1 bit in SCI indicates to reuse between 1) "the resource reservation field" or 2) "time gap between initial transmission and retransmission" in LTE-V2X. These respectively intended for periodic transmission and aperiodic transmission.
Proposal 7: Slot aggregation based on (pre-)configuration per a resource pool should be supported. 
Proposal 8: Dynamic slot aggregation should not be supported. 
Proposal 9: TB size determination algorithm is basically reused except the required modification to indicate the same TB size among retransmission of the different time/frequency allocation.
Proposal 10: On the frequency domain, TB size is determined by the frequency allocation field in a SCI. This means when initial transmission is single sub-channel PSCCH+PSSCH, TB size is determined by the frequency resource allocation of the retransmission.
Proposal 11: On the time domain, TB size is determined by a (pre)configured number of symbols. It is expected to set the minimum number of symbols in a slot.
Proposal 12: The step 1 of the resource (re-)selection procedure is following principle.
- when low priority transmission is intended, trying to obtain the resource indicated by low priority SCI as much as possible until reaching 20% or reaching the maximum allowed number of SL-RSRP threshold increment for low priority SCI.
- when high priority transmission is intended, trying to obtain the resource indicated by low priority SCI as much as possible until reaching 20% or reaching the maximum allowed number of SL-RSRP threshold increment for low priority SCI. If 20% is still not achieved, trying to obtain the resource indicated by high priority SCI as much as possible until reaching 20% or reaching the maximum allowed number of SL-RSRP threshold increment for high priority SCI.
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Appendix
Past agreements
Agreements: (RAN1#96b Xi’an)
· NR V2X supports an initial transmission of a TB without reservation, based on sensing and resource selection procedure
· NR V2X supports reservation of a sidelink resource for an initial transmission of a TB at least by an SCI associated with a different TB, based on sensing and resource selection procedure
· This functionality can be enabled/disabled by (pre-)configuration
· FFS Standalone PSCCH transmissions for resource reservations are supported in NR V2X

Agreements:( RAN1#97 Reno)
· 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
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