[bookmark: _Hlk4140155]3GPP TSG RAN WG1 #98bis									    R1-1911278
Chongqing, China, Oct 14th – 20th, 2019
[bookmark: _GoBack]
Agenda Item:	7.2.4.2.2
Source:	InterDigital, Inc.
Title:	NR Sidelink Mode 2 Resource Allocation
Document for:	Discussion and Decision
[bookmark: _Ref513464071]Introduction
In RAN1 #98, the following has been agreed as the progress for Mode 2 resource allocation [1].
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

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 this contribution, we propose detailed NR sidelink resource allocation schemes for mode 2.
Discussion
We discuss the sensing procedure in Section 2.1, the resource allocation scheme for periodic traffic aperiodic traffic in Section 2.2. In Section 2.3 and section 2.4, we discuss the resource reservation for initial transmission and retransmissions, respectively. Finally, in section 2.5, pre-emption mechanism to achieve different data QoS requirements is described. 
Sensing
A mode 2 UE uses the sensing and resource selection procedure to determine the resources for its sidelink transmission. It was agreed in [2] that subchannel is the minimum granularity in the frequency domain for sensing for PSSCH resource selection. The resource granularity for sensing and resource selection has not been determined. Also, it was agreed in [3] that regarding PSSCH operation, a UE performs either transmission or reception in a slot on a carrier. Hence, the resource granularity for sensing can be in terms of slots in the time domain.
Proposal 1: For mode 2 UE sensing, the minimum granularity in the time domain is one slot. 
If SCI is not decoded, it is still possible to measure sidelink RSRP based on sidelink DMRS. However, since multiple DMRS patterns in the time domain are supported for PSSCH, the blind DMRS detection may be needed for sidelink RSRP measurement. This complicates the sensing procedure. Furthermore, no resource reservation information is obtained since the associated SCI is not decoded. This implies the measured sidelink RSRP is of no use. 
In LTE V2X, sidelink RSSI is measured in the sensing procedure. The sidelink RSSI averaged over a sensing window is used to rank the candidate resources for reporting to higher layers. The sidelink RSSI measurement is independent of SCI decoding. In our view, the sidelink RSSI can be measured and used for candidate resource ranking and reporting purpose for NR V2X. 
Proposal 2: The sidelink RSSI is measured and used in the resource selection procedure for mode 2. 
In LTE V2X, the sensing window does not exceed 1 second. In our view, the sensing window size can be flexible or configurable in NR V2X. The configuration of sensing window size can depend on data QoS. For example, for sidelink data with high reliability requirements, the sensing window size is larger such that the selected resource has a lower collision possibility. 
Proposal 3: The sensing window size is configurable and depends on data QoS.

Resource allocation for periodic and aperiodic traffic
In mode 2, a UE performs autonomous resource selection based on sensing as in LTE V2X mode 4. In LTE V2X mode 4 operation, collisions between UEs autonomous resource reservation are partially avoided by announcing a semi-persistent resource reservation information in the SCI. This mechanism is efficient to reduce collisions for the periodic traffic. Such a resource reservation mechanism should also be a baseline for the semi-persistent scheme of mode 2 for NR V2X periodic traffic. Similarly, the SCI used in mode 2 should at least indicate the reserved resource(s) and its associated periodicity and duration in the future. 
As in LTE, a NR UE can decode SCI transmissions during sensing to determine whether the resources reserved by other UEs during its resource selection procedure. 
Proposal 4: UE includes a semi-persistent reservation indication in SCI when reserving resources for periodic traffic.
LTE V2X sensing and resource allocation scheme is designed mainly for periodic traffic. NR V2X, however, is required to support both periodic and aperiodic traffic and the aperiodic traffic has stringent reliability requirements. Therefore, several new sensing schemes, in which the UE monitor the channel after resource allocation triggering, are presented to handle NR V2X aperiodic traffic, e.g. to reduce the collisions for aperiodic traffic. In our view, there are two main approaches: LBT-based and reservation-based sensing. Those two approaches can be considered as short-term sensing schemes.
The long-term sensing scheme used in LTE V2X, in which the UE monitors the channel before resource allocation triggering is beneficial to determine the semi-persistent resource reservation information for periodic traffic in NR V2X. Therefore, the resource selection scheme used for aperiodic traffic should consider both long-term sensing and short term sensing results. Specifically, when a resource pool is shared by both periodic traffic and aperiodic traffic, a UE can perform an LBT-based or reservation-based short-term sensing and LTE V2X long-term sensing to select the resource for aperiodic traffic.
Proposal 5: Aperiodic traffic resource selection should take both long-term and short-term sensing results into account.
In LTE V2X, resource selection windows for initial transmission and one blind retransmission is supported. Specifically, the UE resource selection window for the first resource is within the window [n+T1, n+T2] and the resource selection window for the second resource is within 15 subframes of the first selected resource, where n is the subframe in which resource allocation is triggered, T1 ≤ 4 is determined based on the UE capability, and T2 ≤ 100 is bounded by the delay budget of the TB.
For NR V2X, it was agreed in [2] that a resource selection window is defined as a time interval where the UE selects sidelink resources for transmission. NR V2X also supports HARQ-based retransmission. The timing of a HARQ-based retransmission resource should be after the HARQ feedback. Therefore, to help the UE in selecting resources for initial transmission and HARQ-based retransmission of the same TB, the resource selection windows for each transmission should be specified. 
Proposal 6: Resource selection windows for initial transmission and HARQ-based retransmission of the same TB is supported.

Resource reservation for initial transmission
In this approach, a UE transmits one or more reservation message before a control and data transmission. The UE uses the reservation message to notify other UEs about its intention to use the indicated transmission resource in the future. The reservation message should contain at least the following parameters:
· Time-frequency location of the control and data
· QoS characteristics of the data
The UE can separately select data transmission resource and reservation message transmission resource. The resource selection window for reservation message should be ahead of the resource selection window for data. 
The reservation message could be transmitted more than once to address the half-duplex issue. The number of repeated transmissions of the reservation message can be determined by the congestion level and data QoS requirement, e.g., reliability. Furthermore, the LBT-based scheme could be applied to the reservation message transmission to avoid collision. 
After the reservation message transmission, a UE should monitor the potential resource reservation messages transmitted by other UEs. In case of a possible collision on its reserved data resource, the UE can determine whether it should cancel its planned transmission and perform resource re-selection for the subsequent data transmission, based on the QoS information of both its own transmission and the colliding transmission. For example, if the priority of the detected reservation message is higher than that of the subsequent data transmission, the UE will perform resource re-selection. 
The LBT-based scheme for dynamic resource selection has been proposed in the past RAN1 meetings. The LBT-based scheme is primarily designed for an asynchronous system in which transmission times of devices are not aligned. This scheme allows one UE to sense the ongoing transmission of other UEs and delay its own transmission to avoid resource collision. However, in NR V2X system, it is expected that transmission times of all UEs occur at the beginning of a slot. Therefore, it is difficult to avoid a collision if multiple UEs select the same idle resource and perform transmissions. Moreover, the collision cannot be avoided if a fixed clear channel access time is used for all data QoS, which implies the data QoS cannot be guaranteed. 
On the other hand, supporting resource reservation message before the initial transmission of a TB may help to reduce the collision. Suppose two UEs select the same available resource and send the resource reservation message before their data transmissions. After decoding each other’s resource reservation message, the UE with lower priority data stops the data transmissions on its selected resource. Hence, the collision can be avoided and the data QoS can be guaranteed. 
Proposal 7: RAN1 supports the transmission of resource reservation message(s) before the initial transmission of a TB.
The resource reservation message should be sent a few slots before the PSSCH data transmission. This message can be delivered in PSCCH. There are 4 options of multiplexing PSCCH and PSSCH, where Option 3 is adopted as a working assumption. Among these 4 options, only Option 1A and Option 1B support that PSCCH is slots ahead PSSCH. Option 1A increases the blind decoding complexity as discussed in our companion contribution [4]. Furthermore, it was recently concluded from RAN4 [5] that a transient period is needed during the switch between PSCCH and PSSCH for Option 1B. This introduces an additional overhead for this option.
One way to deliver the reservation message is on a standalone PSCCH. Each standalone PSCCH occupies small frequency resource (e.g., a single PRB). The resources for standalone PSCCH are FDM-ed with the resources for PSCCH/PSSCH. It is possible that the resources for standalone PSCCH are multiplexed with long PSFCH if supported for high resource usage efficiency [4]. Since a standalone PSCCH transmission is not accompanied by a PSSCH transmission, the resource reservation information contained in the standalone PSCCH can be adopted based on the PSCCH-RSRP measurement. 
Standalone PSCCH can be used to reserve for initial transmission of any TB. However, in some cases, the reservation can be delivered by the SCI associated with the transmission of another TB. For example, when burst traffic arrives and the UE needs to perform resource selection for multiple TBs, the resource reservation message for a second TB can be contained in an SCI which is associated with a first TB, in case the reserved resource for the first TB is ahead of the resource for the second TB to be reserved. For this scenario, the UE may not need to transmit standalone PSCCH. 
[bookmark: _Hlk21352401]Proposal 8: Support standalone PSCCH for reserving resources for the initial transmission of a TB. Support PSCCH associated with a TB to dynamically reserves the resources of the initial transmission of a different TB. 

Resource reservation for retransmissions
It was agreed [3] that at least for blind retransmission of a TB, the reservation of sidelink resources is supported. A simple way to reserve the sidelink resources for blind retransmission is via the SCI of the initial transmission of a TB. This scheme has already been used in LTE V2X. In our view, a similar scheme can be used for NR V2X. 
Proposal 9: For blind retransmission, the resource reservation for blind retransmission is signaled in the SCI for the initial transmission of a TB. 
It was agreed [2] that resource reservation for HARQ feedback-based PSSCH retransmission is supported. However, in most cases (e.g., 90% HARQ ACK is received) the reserved resource is not used by the Tx UE which may result in resource wastage. Therefore, it is necessary to restrict the usage of resource reservation for HARQ feedback-based PSSCH in a certain scenario and to allow HARQ feedback-based PSSCH retransmission without resource reservation in other scenarios.
Proposal 10: HARQ feedback-based PSSCH retransmissions is also supported without resource reservation from the prior transmission of the same TB.
If HARQ feedback-based PSSCH transmission without reservation from the prior transmission of the same TB is supported, the resources for retransmission are selected only after HARQ NACK is received. Since there is no reserved resource for retransmission which is beneficial when a UE received HARQ ACK, the resources for retransmission can be selected as similar to that of initial transmission. 
Proposal 11: When HARQ feedback-based PSSCH retransmission without resource reservation is used, the resource selection for retransmission after receiving HARQ NACK is the same as that for the initial transmission.
When the Tx UE reserves HARQ feedback-based PSSCH retransmission, the reserved HARQ re-transmission resource can be used by Tx, Rx, or other UEs when HARQ ACK is received. If the reserved resource is used by the Tx or Rx UE only, the resource can be wasted, since in most cases, e.g., 90%, HARQ ACK is received and the Tx or Rx UEs may have empty buffer so that there is no data to send in the released resource. Therefore, to increase resource utilization of the released resource efficiently, other UEs in the coverage of the Rx UE should be allowed to reuse the released resource if it detects HARQ ACK from the Rx UE.
In the following, system level simulations were conducted to evaluate the system performance based on the usage of the released resource by other UEs. Sidelink unicast is assumed in the simulation and details of simulation parameters are described in Table 1 in Appendix. The following three HARQ transmission schemes were evaluated:
· No HARQ scheme: Initial transmission followed by blind retransmission. Initial transmission resource based on long term sensing.
· HARQ without reuse: Initial transmission followed by HARQ (NACK) based re-transmission. Both initial transmission resource and HARQ retransmission resource are selected based on long term sensing. Retransmission on HARQ retransmission resource occurs if NACK is received by transmitter. In case of ACK, there is no retransmission, and the reserved HARQ resource goes unused.
· HARQ with reuse: Initial transmission followed by HARQ (NACK) based re-transmission: Both initial transmission resource and HARQ retransmission resource are selected based on long term sensing. Retransmission on HARQ retransmission resource if NACK is received by the transmitter. In case of ACK, there is no retransmission, and the reserved HARQ resource is freed up and available for use by other UEs who received the resource reservation message and HARQ ACK 
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Figure 1: Performance of HARQ transmission schemes where the periodic of the traffic is 30ms.
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Figure 2: Performance of HARQ transmission schemes where the periodic of the traffic is 30ms.
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Figure 3: Performance of HARQ transmission schemes where the periodic of the traffic is 30ms.
Figures 1, 2, and 3 show the performance of three HARQ transmission schemes in the Urban scenario, when the periodic of the traffic are 30, 20, and 10ms, respectively. It can be observed from the figures that, the HARQ with reuse scheme performs the best and the performance gap between the HARQ reuse scheme and other schemes increases as the distance index increases. Moreover, HARQ with reuse can achieve up to 5% PRR gain compare to the HARQ without reuse scheme and 20% compare to the no HARQ scheme. It is because allowing the other UEs to reuse the reserved HARQ resource can increase the spectrum efficiency of the system and reduce the collision.
Observation 1: Significant PRR gain is obtained when reserved HARQ resource is reused by other UEs.
Proposal 12: The reserved HARQ retransmission resource can be reused by other UEs based on HARQ-ACK detection.
It was agreed in the last meeting to down select the maximum number of SL resource reserved including the current transmission for mode 2. In LTE V2X, resource reservation is considered as an essential solution to reduce collision. One transmission can reserve up to three SL resources (i.e., one for its current transmission, one for blind retransmission, one for initial transmission of another TB). NR V2X is expected to support much higher reliability (e.g., 99.999% [6]). Therefore, it is necessary that one transmission can reserve multiple SL resources for retransmissions. When one transmission reserves too many SL resources it may create a signalling overhead issue. To balance between signalling overhead and reliability, it should be supported that one transmission can reserve up to two retransmission resources. The retransmission resources can be used for blind retransmission, HARQ-based retransmission, or a mixture of both. Therefore, the maximum number of SL resources reserved by one transmission should be 4 (one for its current transmission, two for retransmissions, and one for initial transmission of another TB). 
Proposal 13: The maximum number of SL resources NMAX reserved by one transmission including current transmission is 4.

Support of pre-emption
NR V2X supports transmission of traffic with very low latency (down to 3ms) and high reliability (up to 99.999%). In NR Uu, the network may use pre-emption to transmit data of a lower latency and/or higher priority to a UE. The gNB overrides downlink data transmitted to a specific UE and indicates afterward to the victim UE that the received data should be flushed.
In NR V2X pre-emption may also be used to enforce high priority traffic. One possible option is to allow UEs to pre-empt other on-going UE transmissions of lower priority. For example, the high-priority traffic UE could transmit an indication to a lower-priority UE with resource reserved to stop transmission (e.g. for one period) and then use that resource for transmission of its high priority data. For example, pre-emption of both periodic and aperiodic transmissions can be achieved using the resource reservation message itself. 
Proposal 14: NR V2X considers the pre-emption mechanism for sidelink resource reservation. 

Zone-based resource pool configuration
In LTE V2X, a UE computes a Zone ID using its geographical coordinates and zone configuration received in SIB (pre-configured for an out-of-coverage UE) and selects resource pool corresponding to the Zone ID. The LTE concept of Zone and Zone ID thus enables resource reuse and mitigates the impact from in-band emission and near-far problem, especially in congested areas. As NR V2X supports higher connection density, the traffic congestion will become worse and cause more severe in-band emission and near-far problem. Therefore it can be beneficial for NR V2X system performance to introduce a similar concept for resource pool selection and LTE V2X concept of geographical zone can be used as a basline.  
Proposal 15: NR V2X supports zone concept for resource pool selection and LTE zone concept as baseline.

Conclusion
In this contribution, we made the following observations on sidelink Mode 2 resource allocation for NR V2X:
Observation 1:  Significant PRR gain is obtained when reserved HARQ resource is reused by other UEs.
Based on these observations, the following conclusions were made
Proposal 1: For mode 2 UE sensing, the minimum granularity in the time domain is one slot. 
Proposal 2: The sidelink RSSI is measured and used in the resource selection procedure for mode 2. 
Proposal 3: The sensing window size is configurable and depends on data QoS.
Proposal 4: UE includes a semi-persistent reservation indication in SCI when reserving resources for periodic traffic.
Proposal 5: Aperiodic traffic resource selection should take both long-term and short-term sensing results into account.
Proposal 6: Resource selection windows for initial transmission and HARQ-based retransmission of the same TB is supported.
Proposal 7: RAN1 supports the transmission of resource reservation message(s) before the initial transmission of a TB.
Proposal 8: Support standalone PSCCH for reserving resources for the initial transmission of a TB. Support PSCCH associated with a TB to dynamically reserves the resources of the initial transmission of a different TB. 
Proposal 9: For blind retransmission, the resource reservation for blind retransmission is signaled in the SCI for the initial transmission of a TB. 
Proposal 10: HARQ feedback-based PSSCH retransmissions is also supported without resource reservation from the prior transmission of the same TB.
Proposal 11: When HARQ feedback-based PSSCH retransmission without resource reservation is used, the resource selection for retransmission after receiving HARQ NACK is the same as that for the initial transmission.
Proposal 12: The reserved HARQ-based retransmission resource can be reused by other UEs based on HARQ-ACK detection.
Proposal 13: The maximum number of SL resources NMAX reserved by one transmission including current transmission is 4.
Proposal 14: NR V2X considers the pre-emption mechanism for sidelink resource reservation. 
Proposal 15: NR V2X supports zone concept for resource pool selection and LTE zone concept as baseline.
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Appendix

Table 1: Simulation assumption for HARQ feedback for unicast
	Parameter
	Value

	Carrier frequency
	6 GHz

	Bandwidth
	20 MHz

	Sub-channel size
	32 RBs

	Sub-carrier spacing
	15 kHz

	TX/Rx Antennas
	2 Tx/2 Rx

	Scenario
	Urban

	Traffic model
	Periodic: Medium intensity (Model 2), 10/20/30 ms inter-packet arrival, 50% vehicles generate packets.

	SCI/Data resource multiplexing
	Same slot SCI and Data transmission with Option 3 multiplexing scheme

	SCI/Data frequency resource allocation
	PSCCH: 5 PRB
PSSCH: 32 PRB

	SCI/Data time resource allocation
	PSCCH: 2 Symbols
PSSCH: 10 Symbols (no PSFCH in slot)
             : 9 symbols (PSFCH in same slot)

	Overhead (for both PSSCH and PSCCH)
	4/14 (GP, DMRS, AGC)

	Sensing and resource selection 
	Mode 2 based on long term sensing procedure (as specified for LTE mode 4)

	Sensing distance (dsensing) 
	700 m

	Unicast session distance
	500 m for Highway
150m for Urban Grid

	Data packet Tx parameters
	Periodic:
800 bytes 16-QAM (CR 0.42/0.48)
1200 bytes: 16 QAM (CR 0.64) / 64-QAM (CR 0.5) 

	Fixed or maximum number of retransmissions (without/with HARQ feedback, respectively)
	1
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