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1   Introduction
In RAN 1 #98 meeting, the following agreements and assumption on mode 2 resource allocation for NR V2X have been made.

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

Agreements:

· At least for mode 2,  (Pre-)configuration can limit the maximum number of HARQ (re-)transmissions of a TB

· Up to 32

· FFS the set of values

· FFS signaling details (UE-specific, resource pool specific, QoS specific, etc.)

· If no (pre)configuration, the maximum number is not specified

· Note: this (pre-)configuration information is NOT intended for the Rx UE

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

Working assumption:

· An indication of a priority of a sidelink transmission is carried by SCI payload

· This indication is used for sensing and resource (re)selection procedures

· This priority is not necessarily the higher layer priority

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

Based on the above conclusions, more details of resource allocation in mode 2 should be discussed and determined. In this contribution, we will mainly discuss and make proposals for the remaining issues of resource allocation in mode 2. 

2   Mode 2 resource scheme procedure
On sidelink, UE performs sensing and resource selection to choose V2X resources in mode 2 resource pool. The detailed procedure of sensing and resource selection is discussed below.

Step 1: Identification of candidate resources 
Resource exclusion based on SCI decoding and RSRP measurement

In RAN1 #98 meeting, it is concluded that 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. 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 resources set.
As for L1 SL-RSRP measurement in the above procedure, we prefer that the sensing UE measure SL-RSRP based on the DMRS of PSSCH. Although SL-RSRP can be defined based on the DMRS associated with PSCCH, the time and frequency range of the DMRS REs for PSCCH is less than it for PSSCH. In general, the SL-RSRP measurement based on DMRS of PSSCH is more accurate than using DMRS of PSCCH.

Proposal 1: In sensing procedure, SL-RSRP should be measured according to the DMRS of PSSCH
Candidate resources set determining

In legacy sidelink resource selection process, the candidate resources 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;
Using the above rules, it is more likely for sensing UE to choose a transmitting resource with lower collision possibility.  For NR sidelink mode 2 resource selection, the legacy scheme should be reused as baseline.  
Based on decoding SCI and measured SL-RSRP, improper resources are excluded, then a candidate resources set should be chosen from the remaining resources. The candidate resources set aims to give several available resources which may be with lower collision possibility and interference level. For the sake of that, candidate resources should be chosen according to power measurement. Similar as the process in legacy sidelink, SL-RSSI is an effective metric which reflects the power level on a target resource, and it should be used for determining a candidate resources set. 
Proposal 2: SL-RSSI should be used for determining candidate resources set. 
Step 2: Resource selection

After determining the candidate resources set, a UE should report the resources set to its high layer by which the actual resource for sidelink signal transmission can be finally selected. The selection principle and potential relevant factors should be discussed and determined by high layer.
Proposal 3: The candidate resources set should be reported to higher layer to select the actual resource for sidelink transmission. 
3   Sensing window
For period services, it is nature that services of different cycles need be supported in NR V2X. In the case of acceptable complexity of storing sensing results, it is best that the length of the sensing window is not less than the maximum period of period services. If length of the sensing window is shorter than the maximum period value of period services, the sensing UE cannot find that a resource in the resource selection window has been indicated as reserved resource by another terminal, and thus the resource selected by the sensing UE will conflict with the resource reserved by another UE transmitting SPS services. It is observed that values allowed for the signaling of the resource reservation period for SPS service are [ 20ms, 50ms, 100ms, 200ms, ... , 1000ms] in LTE. In addition, it is shown that the transmission rate is from 2 to 100 message/sec for different NR V2X communication scenarios in 3GPP TS 22.186.
Based on the above observations, we believe that the sensing window length of one second, whose value is not less than the above maximum SPS period, can be used for NR V2X.
Proposal 4: A fixed length of the sensing window is adopted for NR V2X, such as 1s.
4   Maximum number of HARQ (re-)transmissions of a TB

In RAN1 #98 meeting, at least for mode 2, it is concluded that (Pre-)configuration can limit the maximum number of HARQ (re-)transmissions of a TB Up to 32, and FFS signaling details (UE-specific, resource pool specific, QoS specific, etc.). 

Regarding the maximum number of HARQ (re-)transmissions of a TB, we think it is related to both QoS and resource pool. For example, for high-priority services with less stringent delay requirement, a larger maximum number of HARQ (re-)transmissions need to be configured to ensure the reliability of communications. For services with strict delay requirement, such as 10ms delay, it is natural that the maximum number of HARQ (re-)transmissions cannot exceed 10, under the condition that the subcarrier carrier space is 15 kHz. In addition, the maximum number of (re-)transmissions is also related to the resource pool. More specifically, if a resource pool is idle, and then a higher maximum number of (re-)transmissions can be configured for more reliable communications. On the contrary, the maximum number of HARQ (re-)transmissions can be reduced to a certain extent，in order to achieve the balance between retransmitting gain and interference reduction.

Proposal 5: Maximum number of HARQ (re-)transmissions of a TB can be configured based on QoS 

Proposal 6: Support configuring the maximum number of HARQ (re-)transmissions of a TB through resource pool specific and QoS specific signaling

5   Release of feedback-based PSSCH retransmissions 
In this section, we will discuss on whether or not released resource(s) of feedback-based PSSCH retransmissions of the transmitting UE should be used by the receiver UE(s) and other UEs. In RAN1 #97 meeting, it is agreed that no additional signaling is defined for the purpose of release of unused resources release. If the receiver UE(s) and other UE(s) want to use released resources of feedback-based PSSCH retransmissions, one solution is that these UEs judge whether or not the resource(s) of feedback-based PSSCH retransmissions is released by HARQ feedback from receiver UE(s). However, it makes the sensing process more complete if the sensing user determine the occupancy of resources in the resource window by HARQ feedback from receiver UE(s). In addition, the intention for the receiver UE(s) and other UE(s) to reuse released resources of feedback-based PSSCH retransmissions is to avoid waste of resources. If chain-based reservation is used, the waste of released resources of feedback-based PSSCH retransmissions can be avoided to some extent. Moreover, due to errors for HARQ feedback information, both the receiver UE(s) and other UE(s) may incorrectly occupy feedback-based PSSCH retransmissions resource(s) not being released by the transmitting UE. This will lead to mutual interference between the transmitting UE and the receiver/other UE(s), and V2X communication on resources for feedback-based PSSCH retransmissions becomes unreliable. 
For the groupcast communication in Figures 1 and 2, the transmitting UE1 sends PSCCH/PSSCH, and UE2 and UE3 in the same group perform HARQ feedback . In Figure 1, UE4 can correctly receive ACK information from UE3, but fails to receive NACK information from UE2. As a result, the sensing UE4 mistakenly use the resource(s) of feedback-based PSSCH retransmissions not released by the transmitting UE1, and the transmitted signal from UE4 is seriously interfered by the transmitting UE1. In Figure 2, the sensing UE4 can only sense the ACK information from UE2, and cannot find that DTX phenomenon had happened for the UE3. Therefore, the UE4 performed V2X transmission in the unreleased resource of feedback-based PSSCH retransmissions. So, the signal from UE1 to UE3 is seriously interfered by the UE4. 

For the unicast communication, when the receiver UE and other UEs decide to use resource(s) of feedback-based PSSCH retransmissions of the transmitting UE based on the ACK information from the receiver UE, in fact the resource(s) of feedback-based PSSCH retransmissions may be used to transmit another TB of the transmitting UE. Therefore, resource conflict between the transmitting UE and the receiver/other UE(s) is about to occur.  
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Figure 1 Signal from the sensing UE4 is seriously interfered by the transmitting UE1
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Figure 2 Signal from the transmitting UE1 is seriously interfered by the sensing UE4
Based on the above discussion, we suggest that the sensing and resource selection procedures for other UEs are not impacted by the HARQ Feedback information from both the receiver UE(s) and other UE(s).
Proposal 7: For both the receiver UE(s) and other UE(s), the HARQ Feedback information cannot be used for resource selection from the resource(s) of feedback-based PSSCH retransmissions of the transmitting UE.
6   Resource reservation
Initial transmission resource reservation
For resource reservation, AGC problem should be avoided for reservation of resources of an initial transmission of a TB. Based on this principle, we will show the following candidate methods, and analyze and compare their advantages and disadvantages.

· Scheme 1: Support an initial transmission using a single sub-channel PSCCH+PSSCH reserving resources for retransmission(s) of the same TB with a larger number of sub-channels

· Scheme 2: Support an initial transmission of a TB is reserved by a fixed-size channel, and only the first stage and the second stage SCIs is carried by the fixed-size channel.

In the scheme 1, single sub-channel PSCCH+PSSCH is used as an initial transmission of a TB, and resources of retransmission(s) of this TB can be reserved by this single sub-channel PSCCH+PSSCH. In scheme 2, an initial transmission of a TB is reserved by a fixed-size channel whose frequency domain resources are not greater than one sub-channel. Compared with scheme 1, it is observed that scheme 2 has the following advantages. 
· In scheme1, for the first transmission of a TB, its BLER is higher than that of the retransmission(s) of this TB.
· In scheme1, the resource of the first transmission of a TB is usually much smaller than that of retransmission(s) of this TB. In this case, how to do TBS determinations need to be considered, which will affect the implementation and protocol complexity of the MAC layer.
· Referring to our companion contribution [4], it is suggested that the scheme of multiplexing UCI on PUSCH is used as baseline for transmitting 2nd SCI in PSSCH. Based on this principle, it means that SCI2 included the fixed-size channel is carried by a SCI only PSSCH. UCI only PUSCH has been supported in NR Rel-15. Therefore, the implementation of the fixed-size channel in the scheme 2 has no additional complexity.

· In scheme 2, the 2nd SCI can be a new SCI format, and thus the resources of the fixed-size channel in scheme 2 can be less than one sub-channel. This means that the transmission of the fixed-size channel has less interference to other UEs.

Based on the above analysis, the scheme 2 has less complexity and smaller interference than the scheme 1. In our companion contribution [5], we provide simulation results which show scheme 2 can effectively reduce resource conflicts between the initial transmission of this TB and the transmissions of other UEs.
Proposal 8: An initial transmission of a TB can be reserved by a fixed-size channel which contains both 1st SCI and 2nd SCI. 

In RAN1 #96b meeting, it is concluded that NR V2X supports an initial transmission of a TB without reservation, and also supports reservation of initial transmission of a TB at least by an SCI associated with a different TB, as shown in Figures 4 and 5, respectively. 

Agreements:

· 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

For the first slot in Figures 3-5, the current PSSCH may be PSSCH included in fixed-size channel or normal PSSCH . In order to let one UE know how to receive the current PSSCH, the UE needs to know whether or not the current PSSCH is a normal PSSCH. In Figure 3-5, it means that one UE needs to know whether or not the current PSCCH/PSSCH is a fixed size channel used for the reservation of an initial TB.
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Figure 3 Reservation of a initial transmission of a TB by a fixed-size channel
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Figure 4 An initial transmission of a TB without reservation
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Figure 5 Reservation of initial transmission by an SCI associated with a different TB
Proposal 9: A UE needs to distinguish whether or not the current PSCCH/PSSCH is a fixed size channel used for the reservation of an initial TB 
Retransmission resource reservation 
In RAN1#98，it is concluded that the maximum number of SL resources NMAX reserved by one transmission including current transmission is [2 or 3 or 4], and NMAX is the same regardless of whether HARQ feedback is enabled or disabled.

Based on the above conclusion, resources reservation for SL transmission can be divided into two options based on different NMAX values.

· Option 1: NMAX= 3 or NMAX= 4. If NMAX= 3 or NMAX= 4 is allowed, it is possible that a transmission can reserve resource for none, one, or more than one transmission excluding the current transmission.
· Option 2: NMAX= 2. In this option, it means that a transmission can reserve none or one extra transmission excluding the current transmission.
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Figure 6 Options of transmission resource reservation

The main difference between the two options is that more than one reserved retransmission resource can be known by the initial transmission SCI in option 1 while only the next one retransmission resource is indicated in option 2.  Obviously, option 1 needs more indicator bits than option 2 to assign multiple retransmissions resources.  Whereas associated SCI should be transmitted for each retransmission, for sensing UE, it can detect each SCI and obtain the retransmission resource reservation indication for both option 1 and option 2.  Then sensing UE can select resources and avoid choose the reserved resources.  In short, option 1 and option 2 have similar resource reservation indication effect while option 1 needs more overhead, therefore we prefer using NMAX= 2 for resource reservation. In addition, based on the discussion in section 5, for both the receiver UE(s) and other UE(s), the HARQ Feedback information cannot be used for resource selection from the resource(s) of feedback-based PSSCH retransmissions of the transmitting UE. In Option 1, the number of SL resources reserved by one transmission including current transmission may be greater than 2, it means that more resources of feedback-based PSSCH retransmissions will be wasted if there is no need to retransmit a TB on these reserved resources of feedback-based PSSCH retransmissions.

Proposal 10: We suggest that the maximum number of SL resources NMAX reserved by one transmission including current transmission is 2.
7   Conclusion
This paper discusses remaining issues of resource allocation in mode 2, including resource sensing/selection procedure, resource reservation, etc. Based on these discussions, we have the following proposals.
Proposal 1: In sensing procedure, SL-RSRP should be measured according to the DMRS of PSSCH
Proposal 2: SL-RSSI should be used for determining candidate resources set.
Proposal 3: The candidate resources set should be reported to higher layer to select the actual resource for sidelink transmission.
Proposal 4: A fixed length of the sensing window is adopted for NR V2X, such as 1s.
Proposal 5: Maximum number of HARQ (re-)transmissions of a TB can be configured based on QoS
Proposal 6: Support configuring the maximum number of HARQ (re-)transmissions of a TB through resource pool specific and QoS specific signaling
Proposal 7: For both the receiver UE(s) and other UE(s), the HARQ Feedback information cannot be used for resource selection from the resource(s) of feedback-based PSSCH retransmissions of the transmitting UE.
Proposal 8: An initial transmission of a TB can be reserved by a fixed-size channel which contains both 1st SCI and 2nd SCI.
Proposal 9: A UE needs to distinguish whether or not the current PSCCH/PSSCH is a fixed size channel used for the reservation of an initial TB
Proposal 10: We suggest that the maximum number of SL resources NMAX reserved by one transmission including current transmission is 2.
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