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At RAN#83, a WI on NR V2X was agreed [1]. The WI has the following objective related to mode 2 sidelink resource allocation:
· 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
In RAN1#97, the following agreements were achieved:
Agreements:
· 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
Agreements:
· 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

Agreements:
· 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
Agreements:
· 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 conclusion was reached:
Conclusion:
· 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 

In this paper, we discuss mode 2 resource allocation for NR V2X sidelink, provide our views on resource allocation methods/features for mode 2, including sensing and resource/pattern selection for both out-of-coverage and in-coverage scenarios and address the FFS points raised in the above agreements and conclusions.
2 Mode 2 resource allocation
In mode 2, UE may autonomously select sidelink resources for sidelink transmission within the (pre)-configured resource pools (RPs) or within (pre-)configured resources within the RPs. This can be achieved in a grant-free transmission mode, by (pre)-configuring a set of time-frequency resource patterns (TFRP)s within the RP with each TFRP indicating the time and frequency location of each repetition of a TB. Note that a RP with a (pre-)configured set of TFRPs need not consist exclusively of TFRPs. Non-TFRP resources and TFRP resources can seamlessly coexist within the same resource pool. In such a case, UEs will follow the sensing and resource (re)selection procedure where resources may consist of both non-TFRP resources and TFRP resources from the set of pre-configured TFRPs. An example of a TFRP set is depicted in Figure 1, where a TFRP includes resources for 2 repetitions of a TB.
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Figure 1. Example of a TFRP pool.

2.1 Maximum number of retransmissions
NR’s higher reliability target than LTE-V requires a higher maximum number of retransmissions, i.e. larger than 2. NR reliability can be enhanced not only by using more retransmissions but also by avoiding potential collisions between the SL retransmissions of different UEs. 
In NR V2X Release 15, up to 8 repetitions of the same TB are supported with slot aggregation for both PDSCH and PUSCH. Up to 8 repetitions also allowed for uplink configured grant in NR Release 15. In NR V2X, the maximum number of blind retransmissions, whether blind or HARQ feedback based, should allow the system to meet the most stringent reliability requirement for advanced NR V2X use cases, i.e. 99.999% for a number of use cases, such as emergency trajectory alignment between UEs and sensor information sharing with a high degree of automation. This is especially true for mode 2 resource allocation which typically operates in out of coverage situations, where the network has no control over the interference levels.  Maximizing the benefits of sensing through resource reservation improves the mode 2 resource selection performance. Therefore, a mode 2 UE should be able to reserve up to the maximum number of retransmissions allowed.  On the other hand, due to half duplex constraints, it is obvious that sidelink repetitions or retransmissions in non-consecutive slots needs to be supported. In addition, a large number of repetition may cause more interference and congestion in the resource pool. Based on the link level simulation results reported in [10] and taking into account both sides, a good number for the maximum number of retransmission allowed can be 4.  Therefore, we have the following proposal:
Proposal 1: The maximum number of retransmissions (whether blind or HARQ feedback based) for one TB is 4. 
· A UE can reserve resources up to the maximum number of retransmissions allowed
2.2 Reservation of initial and retransmissions of a TB
At RAN1#96, it was agreed that blind retransmission of a TB for NR SL V2X is supported and details of the support are for WI phase. The following agreement was achieved regarding reservations of retransmissions of a TB:
NR V2X Mode-2 supports reservation of sidelink resources at least for blind retransmission of a TB
· Whether reservation is supported for initial transmission of a TB is to be discussed in the WI phase
· Whether reservation is supported for potential retransmissions based on HARQ feedback is for the WI phase
In RAN1#97, it was agreed to support resource reservation for feedback-based PSSCH retransmissions by signaling associated with a prior transmission of the same TB. Below, we provide our views on reservations for initial transmissions of a TB and discuss further details of reservations for blind or HARQ feedback-based retransmissions of a TB.
Blind retransmission refers to retransmission of a TB that is not triggered by HARQ feedback or scheduling grant.  As demonstrated by exhaustive system level simulation results captured in TR 38.885 [3], (pre-)configured TFRPs can support repetition, alleviate the half duplex impact and significantly reduce the collision probability of a TB. Therefore, it should be noted that mode 2 blind retransmission is inherently supported by (pre)configuring a set of TFRPs and allowing UEs to select a TFRP to carry out both the initial transmission and blind retransmissions of a TB.   
Observation 1: (Pre-)configured TFRPs inherently support blind retransmissions of a TB.
Advance indication/reservation of initial transmission of a TB induces latency which may prevent meeting the stringent latency requirements of advanced NR V2X use case. Such advanced indication/reservation requires a dedicated reservation signal to be sent prior to the initial transmission of a TB in order to reserve resources for the initial transmission and potential retransmissions of the TB. In order to send such reservation signals in advance, either a dedicated channel for the reservation signal, or a SCI transmitted in advance of the PSSCH has to be defined. UEs may have to agree with a certain timing window for the reservation signal in order to make any sensing procedure effective. There are also potential collisions of advanced SCI or reservation signals which affects the reliability of sensing. Standalone PSCCH for the purpose of advanced reservation of initial transmission or retransmission of a TB compounds the half-duplex issue in the sense that a UE transmitting standalone PSCCH will not be able to simultaneously receive PSSCH. As such standalone PSCCH for the purpose of resource reservation should not be supported. 
On the other hand, supporting reservation of retransmission of a TB can be implemented simply by  sensing  UE blindly detecting the DMRS of the initial transmission. Similarly, implicit reservation of potential retransmissions based on HARQ feedback can also be indicated by PSSCH DMRS of initial transmission. If the collision of retransmission is avoided with implicit reservation, the additional benefits of explicit reservation for initial transmission is much smaller. In view of the limited benefits, latency implications, additional complexity and overhead induced by the reservation signal for initial transmission, explicit reservation of initial transmission of a TB should not be supported.

Proposal 2: Standalone PSCCH carrying reservation for initial transmission or retransmission of a TB is not supported in NR V2X mode 2.
Proposal 3: The reservation of blind retransmissions of a TB is transmitted along with the initial transmission of the corresponding TB.
Proposal 4: Support implicit resource reservation signaling for the repetition(s) of a TB (i.e. blind retransmissions) or potential HARQ-based retransmissions indicated via PSSCH DMRS.

For feedback based HARQ retransmission, it is agreed in RAN1 meeting #97 that “At least from the transmitter perspective of this TB, usage of HARQ feedback for release of unused resource(s) is supported”. Based on this agreement, at least for unicast where HARQ feedback is supported, it should be understood that a Tx UE should is able to terminate a reserved retransmission early if an ACK is received before the last reserved retransmission. 
Similar to the discussion in Mode 1 in [10], Rx UE should send an ACK to the Tx UE if it successfully decodes the TB before the last reserved retransmission.  In case all the reserved retransmissions are needed, the Rx UE will send ACK/NACK after the last one, as usual.
Proposal 5: At least for unicast where HARQ feedback is enabled, a UE should be able to terminate a reserved retransmission early based on ACK received from Rx UE.

In RAN1#97, it was further agreed that RAN1 will select between the following two options of sidelink resource reservation for blind retransmissions:
o	Option 1: A transmission can reserve resources for none, one, or more than one blind retransmission
o	Option 2: A transmission can reserve resource for none or one blind retransmission
In our view, option 1 should be supported due to the fact that the purpose of resource reservation is to take full advantage of the sensing results available to the UE at the time of the initial transmission.  Therefore, the UE should be able to perform a one-shot selection of resources for initial transmission and all reserved retransmission resources whenever a resource (re)selection is triggered following the sensing procedure. 
Proposal 6: Option 1 of sidelink resource reservations for blind retransmissions is supported.
· A transmission can reserve resources for none, one, or more than one blind retransmission
2.3 Sensing & resource (re)selection
Sidelink sensing is the procedure where the UE identifies occupied sidelink resources. The current functionalities under consideration include decoding of sidelink control channel transmissions, sidelink measurements, detection of sidelink transmissions. Other options are not precluded, including combination of the above options.
Sidelink resource selection is the mechanism where the UE selects resources for PSCCH and PSSCH transmission. Which information is used by UE for resource selection may depend on the outcome of the sensing procedure and any information available at the UE such as from decoding of sidelink control channel and/or channel measurements at the time it needs to perform the resource selection operation.
In RAN1#97, it has been agreed to support a sub-channel as the minimum granularity in frequency domain for the sensing for PSSCH resource selection. Since sub-channel is the minimum granularity for sensing for PSSCH resource selection, it is reasonable to assume that sub-channel is also the minimum resource allocation granularity in the frequency domain. For the time-domain, a slot can be the resource allocation granularity for a single transmission of a TB. However, in order to fully take advantage of the sensing results, resources which are (re)selected should take into account the (maximum) number of retransmissions that can be reserved for a given TB. Since reservation of retransmission resources requires that the transmitter UE selects the retransmission resource before the initial transmission, (re)selection of the resources for both the initial transmission and all retransmissions of a TB should be done in one shot.  
Proposal 7: Based on the results of sensing, UE should be able to (re)-select resources for initial transmission and all (blind) retransmissions that are reserved for a given TB in one shot. 
2.3.1 Sensing based on SL measurements
2.3.1.1 RSSI vs RSRP
In RAN#96, it was agreed that mode-2 sensing procedure utilizes L1 SL-RSRP based on sidelink DMRS when the corresponding SCI is decoded and FFS whether/which measurement is used if the corresponding SCI is not decoded.  Two candidates for SL measurements in the case where the corresponding SCI was not decoded were also mentioned in the agreement, i.e. SL-RSRP after blind DMRS detection and SL-RSSI. 
· SL-RSSI:
SL-RSSI is used for LTE V2X, however, the SL-RSSI is measured based on the assumed periodicity of semi-persistent transmission by the Tx UE. The measurement may be useful for LTE V2X where most of the applications target periodic traffic. For aperiodic traffic in NR V2X, periodicity does not correspond to actual transmissions and SL-RSSI may not be an accurate measurement.  Relying on SL-RSSI will result in unnecessary exclusion of resources which may actually decrease the overall sensing performance. Similar observation has been made in [5]. A solution to address this problem was also proposed therein which relies on removing the contributions from aperiodic packets from the long-term SL-RSSI measurement, based on standalone advanced reservation PSCCH. As explained in Section 2.3, reservation SCI for initial transmissions induces latency which cannot be afforded for advanced NR V2X use cases with stringent latency and reliability requirements, not to mention the compounding of the HD problems. In addition, a (standalone) SCI would not necessarily indicate whether a certain traffic is periodic or aperiodic, thus complicating the measurement of SL-RSSI and reducing its accuracy. Therefore, in our view SL-RSSI measurement need not be used in NR V2X sensing procedure. 
· SL-RSRP after DMRS (blind) detection:
SL-RSRP based on PSSCH DMRS provides reliable sensing performance as further discussed below. The case where SCI is not decoded may occur in two different scenarios: The first scenario is that there is an SCI associated with the PSSCH transmission but UE fails to successfully decode the SCI. The second scenario is that no SCI is transmitted along with the PSSCH. For GF transmission using (pre-)configured TFRPs, no SCI needs to be associated with the SL data transmission. Sensing and detection can be based on PSSCH DMRS blind detection as further discussed below. Therefore, GF transmission corresponds to the 2nd scenario of “the corresponding SCI is not decoded” and SL-RSRP of PSSCH DMRS blind detection can be used for sensing instead of SCI decoding. Sensing based on PSSCH DMRS blind detection provides significant benefits compared to SCI decoding in terms of overhead savings, reliability enhancement, complexity reduction and support of contention based transmission, which are further discussed below and demonstrated by our simulation results. 
Proposal 8: 
· Mode 2 supports sensing based on PSSCH DMRS RSRP
· Blind PSSCH DMRS detection is supported

Proposal 9: NR supports implicit reservation of an initial transmission of a TB using PSSCH DMRS of a different TB.
2.3.1.2 Resource (re)selection procedure
In RAN1 # 96bis, the following agreement has been achieved for Mode 2 resource allocation
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

In this section, we discuss sensing and selection procedure in line with the above agreement.  The basic TFRP selection procedure is described as follows:

2.3.1.2.1 Configuration 
A UE is configured with a TFRP pool and possibly an initial/default TFRP. The TFRP pool configuration should include at least a periodicity and offset. TFRP pool can repeat itself in a non-overlapping way similar to configuration of a single TFRP in Mode 1. An example of TFRP configuration can be a non-overlapping TFRP pool defined in Fig. 1, which repeats itself every 5 slots (periodicity=5), or a partially overlapping TFRP pool, as defined in Fig. 8 of [4], which has a periodicity of 10 slots.  
2.3.1.2.2 Sensing and TFRP selection 
Before TFRP selection, UE shall perform sensing based on DMRS blind detection. The DMRS detection provides the information on the TFRPs used by other UEs during the sensing window. Note that the sensed TFRP based on DMRS blind detection may provide two types of information that will be used for TFRP selection. Firstly, the retransmission resource of the same TB, which is basically a reservation of retransmission resource via implicit DMRS indication; and secondly, the currently in use TFRP by the UE. The latter information is useful in case UE keeps the same TFRP for future transmissions or retransmissions. 
1. Sensing window
UE performs sensing via DMRS blind detection before the packet arrival. The sensing window is defined as a window of length T preceding the packet arrival. The length of the sensing window can be preconfigured for the resource pool, and can be a multiple of the TFRP periodicity.
2. Resource selection window
Based on sensing results obtained within the sensing window, UE performs resource selection within the resource selection window. Since UE needs to select all the transmission resources for a TB in one-shot, UE should select a TFRP within the resource selection window. There are two methods to determine the resource selection window: In the first approach, the starting location of the TFRP window is considered fixed. In this case, the resource (re)selection window starts at the first TFRP window that is later than T1>=0 after the resource (re)selection trigger. In the second approach, we allow the selection window to start at any slot, i.e., the selection window starts T1 >=0 after the resource (re)selection trigger. The resource selection window length can be equal to the TFRP window length (or the periodicity) or a multiple thereof. 
3. Resource selection procedure
Based on previous agreements, at least three types of reservation are supported and the resource (re)selection procedure should take them into account:
a) Reservation of a sidelink resource for a transmission of a TB via signaling associated with a prior transmission of a different TB
b) Reservation of a sidelink resource for blind retransmission of a TB via signaling associated with a prior transmission of the same TB
c) Reservation of a sidelink resource for HARQ-feedback based retransmission of a TB via signaling associated with a prior transmission of the same TB

Sensing using Type a) reservation works similar to LTE long term sensing, however, reservation Types b) and c) are newly introduced in NR. Once UE determines the resource selection window, it should select a TFRP within the resource selection window such that it tries to avoid TFRPs reserved through Type a) reservation and TFRPs conflicting with retransmission resources indicated by other UEs using Type b and Type c reservations. With the above three reservation types, LBT type of short-term sensing is not needed in NR V2X, as it may further increase the energy consumption and complexity of the sensing procedure. 

Before the initial transmission of a TB, UE shall continue sensing based on DMRS blind detection to further check if the selected TFRP has any conflict with (Type b and Type c) retransmission reservations. If a conflict is found, UE should (re)select a different TFRP within the same (re)selection window.
4. Priority of different reservations
Note that different reservation types may have different impacts on the resource selection. For example, for Type a) reservation,  the UE that reserves the resources (i.e. TFRP) may not actually use the same resource during the resource selection window of the sensing UE simply because it may not have a packet to transmit or it performed a (re)selection. On the other hand, for Type b) reservation, the UE which reserves the resources for blind retransmission is highly likely to use the retransmission resource which may impact the sensing UE; while for Type c) reservation, the UE which makes the reservation for HARQ-feedback based retransmission may release the retransmission resource due to receiving an ACK before the retransmission.  Therefore, in general, Type b) reservation should be accounted for by the sensing UE with higher priority  compared to Type a) and Type c) reservations. 

In the agreement of last meeting regarding reservation of HARQ-based transmission, there is an FFS as
“FFS the behavior of the receiver UE(s) of this TB and other UEs”. At least for unicast, Rx UE can just adjust its behavior on whether or not to expect a retransmission based on the HARQ feedback it transmits. For the sensing UE (other UE), their resource selection scheme should lower the priority of a reservation if the reserved resource can be released. This can be achieved by adjusting the priority level by multiplying it with a coefficient less than one if there is a chance the reserved resource may be released based on HARQ feedback. 
 Proposal 10: Resource (re)selection procedure should assign different priorities for different reservation mechanisms. 
Proposal 11: A sensing UE should adjust the priority associated with reservation of HARQ-feedback based retransmission to be lower than the reservation of blind retransmission for the purpose of resource (re)selection. 

2.3.1.3 PSSCH DMRS blind detection vs SCI decoding
There are at least four key benefits for not transmitting SCI and exploiting DMRS PSSCH as an indication of TFRP for sensing purposes, which are listed below:
1) URLLC requirements satisfaction & SCI overhead savings: 
PSSCH DMRS mapping to TFRP pool in mode 2 enables the Rx UE to decode PSSCH without relying on SCI to indicate time/frequency resources. 
In LTE V2X, the SCI uses 2 PRBs for each sub-channel. However, NR V2X reliability requirements are much higher than LTE V2X. Note that if PSCCH were to indicate time/frequency resources, then it should be designed to be more reliable than PSSCH. Therefore, in order to meet such higher reliability targets, more SCI resources would be needed (e.g. multiple symbols could be used for time-domain repetition [5]). Similar study on DCI reliability has been carried out in the context of URLLC PDCCH enhancement in Rel-16, where it was shown that in order to meet high DCI reliability requirements, at least 8 CCEs or 48 PRBs in one symbol are needed [6]. The overhead cost of transmitting SCI could be doubled or tripled in NR V2X compared to LTE V2X in order to meet the NR V2X latency and reliability requirements.
As a concrete example, consider the case of vehicle platooning applications and more precisely the scenario of cooperative driving for vehicle platooning information exchange between a group of UEs supporting V2X application. The scenario of reporting needed for platooning between UEs supporting V2X application and between a UE supporting V2X application and RSU, also has similar traffic requirements. For these two scenarios, the traffic payload size can be as small as 50 bytes [7]. LTE SCI format 1 size is 32 bits according to TS 36.212, which when accounting for QPSK modulation, rate 1/3 FEC and CRC attachment amounts to more than 100 encoded bits. This represents an overhead of more than 25% and 50% compared to the traffic payload size of 50bytes modulated with 64QAM and encoded with a FEC code rate of 1/3 and 2/3, respectively.  Such an overhead is quite significant even when not accounting for the expected increase in SCI resources (compared to LTE) in order to meet the higher latency and reliability requirements of NR V2X. 
In addition, for some advanced driving applications, such as emergency trajectory alignment between UEs supporting V2X application, it is required to deliver large packet sizes (2000 bytes) within 3 ms latency and with very high reliability of 99.999%. For some other applications such as sensor information sharing between UEs supporting V2X applications, the same stringent latency and reliability requirements are expected to be met to deliver SL data rates as high as 50Mbps [7]. The primary target of (pre-)configured grant schemes is to achieve high reliability within a small latency budget. Thus by saving the SCI overhead more repetitions or retransmissions can be allowed for configured grant transmissions compared with LTE V2X SPS solution (which uses SCI for each TB), when UE processing time latencies are taken into account. More repetitions or retransmissions within the small latency budget automatically translate into higher reliability. Also, for packet sizes of 2000 bytes and 50 Mbps data rates too many radio resources would be wasted on SCI that would otherwise be used for data transmission in order to achieve the stringent latency and reliability requirements for the above referenced applications.
2) Improved reliability: 
DMRS sequences that enable to decode PSSCH can be designed to be very reliably detected. PSCCH reliability can also be improved, but the resources used for PSCCH transmission have to be scaled up significantly in order to meet the most stringent reliability requirements of NR V2X [5]. 
Note that PUSCH decoding performance for UL configured grant, which relies on DMRS blind detection, has been extensively studied in the context of URLLC in Rel-16. Those studies showed that the reliability of DMRS blind detection can satisfy even the most stringent reliability requirements of URLLC applications.  It has indeed been concluded in RAN1 Adhoc#1901, that [2]
PUSCH miss detection performance highly depends on the PUSCH configurations such as DMRS configuration, resource allocation, and false-alarm target setting.
a. If a configured grant PUSCH resource is not shared by multiple UEs, 
i. 7 companies observed that if the reliability requirement is to be met by a single transmission, all the results show that PUSCH miss detection probability is lower than the PUSCH target BLER under the respective evaluation assumptions (e.g., MCS levels, etc.).
It is to be noted that the above observation is valid for a single transmission of PUSCH. If more than one transmission is considered as is expected to be the case in NR V2X, then DMRS-blind detection performance would be even better.
3) Support of contention based transmission: 
Although different sensing techniques can be used to reduce PSSCH collision probability in mode 2, collisions cannot be completely avoided. In case that two UEs use the same PSSCH time frequency resources, their corresponding SCIs may also collide. If the receiving UE cannot decode the SCI due to collision, it may not be able to decode PSSCH if the SCI is used to indicate the time frequency resources. However, PSSCH DMRS sequences can still be resolved even when they map to the same PSSCH resources. If two UEs end up using the same PSSCH resources, they still have a high probability of reliably detecting DMRS. Therefore, their PSSCH is likely to be decodable. This is especially true when using soft combining of repeated SL transmissions if as expected more than one transmission per TB is supported in NR V2X.   
4) Reduced decoding complexity: 
PSSCH sensing based on DMRS blind detection relies on a (pre-)configured mapping between PSSCH DMRS sequences and TFRPs. For SCI based sensing on the other hand, the UE needs to detect DMRS of PSCCH (potentially blindly detect it depending on the design), then perform channel estimation and attempt to decode SCI. 
Therefore, both sensing methods may potentially involve blind detection of DMRS (i.e. PSSCH DMRS vs PSSCH DMRS), while SCI based sensing requires extra procedures of channel estimation and PSCCH decoding. Note also that detection of DMRS can be based on a simple correlator, which as is well known has very low complexity. 
For sensing based on SCI decoding, UE needs to attempt to decode SCI for every sub-channel, and if there are multiple possible locations of SCI or multiple SCI formats as is expected in NR V2X, more blind detection of SCI would be required. For sensing based on measurements and in particular DMRS blind detection, only the DMRS corresponding to the overlapping (pre-)configured TFRPs need to be blindly detected, which can be a very small subset of the overall TFRPs. As such, the DMRS pool size can be made very small as discussed in the next paragraph. 
2.3.1.4 Link-level comparison between PSSCH DMRS blind detection and SCI decoding
In this section, we demonstrate the reliability of DMRS blind detection for the purpose of TFRP indication in comparison with SCI decoding reliability for sensing and detection purposes through link level simulations. If DMRS blind detection is used for sensing, we measure the missed detection probability. If SCI decoding is used for sensing, we measure the BLER of SCI decoding for reliability. Three steps may be needed in order to correctly decode SCI: 1) (blind) detection of DMRS for PSCCH; 2) Channel estimation based on the detected DMRS for PSCCH 3) Decode PSCCH correctly and check CRC. In this simulation, only the last two steps are simulated and any missed detection of PSCCH DMRS may further reduce the reliability of PSCCH decoding. The main simulation assumptions are captured in Table 1. 
We consider the reliability of the above sensing schemes for both the case of 1 user accessing the resource and the case of contention based transmission where multiple users may be using the same time frequency resources for data transmission. Contention based transmission has been extensively studied in grant-free for NR uplink. In the case of SL in V2X, sensing has been used to reduce the probability of collision. However, it is impossible to completely avoid collisions in SL due to many factors, such as hidden node problem, bursty traffic, tight delay requirements etc. Therefore, in the case where reliability and latency requirements are paramount, the ability to handle collisions in SL is an important aspect to consider for evaluating the reliability of different sensing procedures.  
Figure 3 shows the performance of DMRS miss detection performance versus PSCCH decoding performance when different numbers of active users access the same time frequency resource. Urban NLOS channel is used. For PSSCH, the resource size of 12 RBs are used, which is the same assumption as the system level simulations in Section 3. For PSCCH, it is assumed to be TDMed with PSSCH and 4RB is used based on the assumption of minimum PSSCH size being 4RB. The payload size of SCI is chosen to be the same as LTE SCI format 1, i.e. 32 bits. The code rate of PSCCH is derived based on payload and available resources. 
For simplicity in the case of more than 1 user, only perfect channel estimation is considered for PSCCH decoding. It can be seen that for the same number of active users, the DMRS blind detection performance is significantly better than PSCCH decoding performance. In the case of one active user, the miss-detection rate of PSSCH DMRS is much less than BLER of SCI decoding. For example, there is a 14 dB gap between miss-detection probability of PSSCH DMRS and PSCCH decoding BLER at 10-4 error rate. Therefore, we can observe that DMRS detection is much more reliable than SCI decoding when there is one active user.  
Both PSSCH DMRS detection performance and PSCCH decoding performance degrade in case of PSSCH collision (>1 active user) compared to the one active user case. However, the DMRS detection performance degradation is relatively small even for 4 active users without error floor. While for PSCCH decoding performance, even with only 2 active users, error floor occurs and a reliability of 10^-4 cannot be achieved even with very high SNR. The difference does not count the performance loss of PSCCH due to channel estimation, which is 2 dB for 1 active users and the loss is likely more severe for more active users. The results are to be expected as DMRS sequences/ports are designed to be orthogonal or quasi-orthogonal with respect to one another, and therefore can easily be multiplexed without impacting performance significantly, whereas the PSCCH may include CRC, carry a large payload and is designed based on the assumption of no collisions which cannot be guaranteed in practice, even in the presence of sensing. 
In addition to indicating TFRPs, DMRS could also be used to indicate MCS for the purpose of PSSCH decoding. One option for (pre-)configured grant could be to use a MCS pool that includes a limited number of potential MCS values.

Table 1: LL simulation assumption for PSSCH DMRS blind detection and PSCCH decoding
	
	PSSCH DMRS detection
	PSCCH decoding

	Frequency Resources 
	12 RB
	4RB

	PSCCH time resource
	---
	2 OS

	DMRS symbols 
	2 adjacent OS
	2 adjacent OS

	PRB bundling size
	4 RB
	4 RB

	Subcarrier spacing
	60khz
	60khz

	Channel Model
	Urban NLOS
	Urban NLOS

	PSCCH channel coding
	---
	Polar Code

	PSCCH Modulation
	---
	QPSK
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Figure 3: DMRS blind detection vs SCI decoding reliability comparison for contention based transmission with different number of active users.
Note that for sensing the TFRPs in the (pre-)configured TFRP pool, the DMRS pool size needed to indicate the TFRPs does not need to be large. In fact, no indication is needed for sensing among non-overlapping TFRPs as there is no ambiguity in the DMRS associated with a given TFRP, and even for partially overlapping TFRPs, given the location of TFRPs is (pre-)configured, the potential choice of different TFRPs can be very small. As an example to configure the TFRP, as partially described in the resource selection section, we can simply configure a periodicity, offset (starting slot) and number of repetitions, and the rest of the TFRP pool can be predefined as in Fig. 1 or Fig. 8 of [4]. For example, for the non-overlapping TFRP pool in Fig. 1, periodicity=5 slots, offset is the starting slot number of the TFRP window/period, and repetition number is 2. As the TFRPs in this case are non-overlapped (orthogonal), then in case flexible TFRP starting location is supported, only 1 bit of information carried by DMRS is needed to indicate whether the detected PSSCH corresponds to an initial transmission or a retransmission. As another example, in the partial overlapping TFRP pool described in Fig. 8 of [4], only 3 options (<2 bits) would need to be indicated by DMRS for sensing purposes as the location of PSSCH associated with the DMRS is already known. This can be done by setting a mapping relationship between the DMRS ports/sequences and the index of TFRPs that are partially overlapping. Considering 8 DMRS ports are available based on NR Uu design which corresponds to 3 information bits, then 2 bits of DMRS port information can be used to indicate the TFRP pattern. If flexible starting location of repetition is supported, we can use the remaining bit to indicate whether the current transmission is an initial transmission or a retransmission. 
In summary, a typical signalling for mode 2 TFRP operation may include the following:
1. Indication from (pre-)configuration as part of RP (pre)-configuration:
· Periodicity
· Offset (starting slot)
· Number of repetitions
· T/F allocation or TFRP pool
N.B.: TFRP pool can also be derived based on pre-configured parameters in the RP (e.g. periodicity, offset etc) according to some rule written in the spec (i.e. outside of RP configuration)
2. Information carried by DMRS port/sequence:
· Up to 2 bits for TFRP pattern indication (zero bits are needed in case of orthogonal TFRPs)
· 1 bit for re-transmission or initial transmission (zero bits are needed in case of fixed TFRP starting position)
· 2 bits for MCS indication
· 3 bits for QoS if QoS is indicated in the physical layer and not carried by SCI

Observation 2: For mode 2 UEs with (pre-)configured TFRPs, PSSCH resources need not be indicated in SCI.
Proposal 12: For mode 2 UEs PSSCH reception, SCI indication is optional. For mode 2 UEs (pre-)configured with a TFRP or TFRP pool, no SCI is used 
Proposal 13: For mode 2 UEs (pre-)configured with a TFRP pool, TFRP selection is needed. Sensing for TFRP selection can be performed implicitly based on DMRS blind detection.
Proposal 14: (Pre)-configured grant should be supported for mode 2 SL resource allocation in order to meet the latency and reliability requirements of NR V2X advanced use cases. 
2.3.2 Short-term sensing
A potential collision avoidance technique is listen-before-talk (LBT) where a UE performs a clear channel assessment and potentially random back-off before accessing the channel.  It is not clear at this stage if the LBT procedure defined for the unlicensed spectrum with unlicensed band regulations in mind can be readily reused for V2X communications over licensed spectrum. Specifying a new short-term sensing procedure specific to V2X operation may entail a lot of specification work far beyond the necessary scope of the current work item. 
One potential issue with LBT is the random backoff. This can severely affect latency. In particular, when the system is highly loaded, latency may easily exceed the latency budget. Besides, with sensing, the hidden and exposed node problems may further affect the performance, especially in terms of latency. It has been suggested that a modified LBT with random backoff whereby UE is allowed to break the random backoff procedure in order to transmit a packet if its latency budget is about to expire, could mitigate the latency issue. However, under loaded conditions, such a modified LBT scheme is equivalent to random resource allocation which means that the benefit of LBT short-term sensing would be completely lost. Besides it is well documented that random resource allocation performs worse than sensing based resource allocation.
Furthermore, reaching the extremely high reliability targets for some services (e.g., 99.999%) might be very challenging within the latency budget.
Observation 3: LBT based on short-term sensing increases latency due to random backoff. It needs to be determined whether LBT can reach the V2X latency target (3ms for some use cases) under typical traffic loads.


3 System level simulation of different resource allocation schemes
In this section, we provide some preliminary system level simulation results of different mode-2 schemes. In particular, we compare NR Mode 2 with TFRPs to NR Mode-2 without TFRPs based on long term sensing, and NR Mode-2 without TFRPs based on short term sensing.  Packet reception rate (PRR) and packet inter-reception (PIR) performance as in TR 37.885 are used for the performance evaluation. The simulation profiles that are agreed in RAN1#94bis are used for the simulations. The detail simulations assumptions and results of PRR and PIR in different scenarios have been provided in [8]; in this Section, we provided additional latency results for aperiodic traffic.

Figures 4 and 5 compare the CDFs of packet latencies for mode 2 with TFRPs and the two versions of mode 2 without TFRPs based on long-term and short-term sensing, respectively, for aperiodic traffic with 60khz SCS. The corresponding PRR and PIR performance is also shown in Fig 6 and 7. As expected, it can be seen that mode 2 with TFRPs has shorter latency than both versions of Mode 2 without TFRPs while providing better PRR and PIR performance than both long term and short term sensing based Mode 2 without TFRPs. This is because Mode 2 with TFRPs mainly relies on TFRP design to resolve potential collisions and half duplex issues, while long term sensing may introduce latency due to its selection window for aperiodic traffic, and short term sensing may introduce latency due to the back off schemes.  
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Figure 4: Latency performance of Mode 2 with TFRPs vs Mode 2 without TFRPs in highway aperiodic mode 1-traffic, Broadcast 60 kHz
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Figure 5: Latency performance of Mode 2 with TFRPs vs Mode 2 without TFRPs in Urban aperiodic mode 1-traffic, Broadcast 60 kHz
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Figure 6. PRR and PIR performance of mode 2 with TFRPs vs mode 2 without TFRPs in Highway Aperiodic model-1 traffic, broadcast channel, 60 kHz
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Figure 7. PRR and PIR performance of mode 2 with TFRPs versus mode 2 without TFRPs in Urban Aperiodic model-1 traffic, broadcast channel, 60 kHz

4 Conclusions 
In this contribution, we discussed the resource allocation for UE autonomous transmission for NR V2X sidelink transmission.   We have the following observations and proposals: 
Proposal 1: The maximum number of retransmissions (whether blind or HARQ feedback based) for one TB is 4. 
· A UE can reserve resources up to the maximum number of retransmissions allowed

Proposal 2: Standalone PSCCH carrying reservation for initial transmission or retransmission of a TB is not supported in NR V2X mode 2.
Proposal 3: The reservation of blind retransmissions of a TB is transmitted along with the initial transmission of the corresponding TB.
Proposal 4: Support implicit resource reservation signaling for the repetition(s) of a TB (i.e. blind retransmissions) or potential HARQ-based retransmissions indicated via PSSCH DMRS.
Proposal 5: At least for unicast where HARQ feedback is enabled, a UE should be able to terminate a reserved retransmission early based on ACK received from Rx UE.
Proposal 6: Option 1 of sidelink resource reservations for blind retransmissions is supported.
· A transmission can reserve resources for none, one, or more than one blind retransmission

Proposal 7: Based on the results of sensing, UE should be able to (re)-select resources for initial transmission and all (blind) retransmissions that are reserved for a given TB in one shot. 
Proposal 8: 
· Mode 2 supports sensing based on PSSCH DMRS RSRP
· Blind PSSCH DMRS detection is supported

Proposal 9: NR supports implicit reservation of an initial transmission of a TB using PSSCH DMRS of a different TB.
Proposal 10: Resource (re)selection procedure should assign different priorities for different reservation mechanisms. 
Proposal 11: A sensing UE should adjust the priority associated with reservation of HARQ-feedback based retransmission to be lower than the reservation of blind retransmission for the purpose of resource (re)selection. 
Proposal 12: For mode 2 UEs PSSCH reception, SCI indication is optional. For mode 2 UEs (pre-)configured with a TFRP or TFRP pool, no SCI is used 
Proposal 13: For mode 2 UEs (pre-)configured with a TFRP pool, TFRP selection is needed. Sensing for TFRP selection can be performed implicitly based on DMRS blind detection.
Proposal 14: (Pre)-configured grant should be supported for mode 2 SL resource allocation in order to meet the latency and reliability requirements of NR V2X advanced use cases. 

Observation 1: (Pre-)configured TFRPs inherently support blind retransmissions of a TB.
Observation 2: For mode 2 UEs with (pre-)configured TFRPs, PSSCH resources need not be indicated in SCI.
Observation 3: LBT based on short-term sensing increases latency due to random backoff. It needs to be determined whether LBT can reach the V2X latency target (3ms for some use cases) under typical traffic loads.
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