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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
At RAN1#95, the following agreements were made on support of HARQ operation in sidelink unicast and groupcast communications [1]:
Agreements:
· Physical sidelink feedback channel (PSFCH) is defined and it is supported to convey SFCI for unicast and groupcast via PSFCH.
Agreements:
· When SL HARQ feedback is enabled for unicast, the following operation is supported for the non-CBG case:
· Receiver UE generates HARQ-ACK if it successfully decodes the corresponding TB. It generates HARQ-NACK if it does not successfully decode the corresponding TB after decoding the associated PSCCH which targets the receiver UE.
· FFS whether to support SL HARQ feedback per CBG
Agreements:
· When SL HARQ feedback is enabled for groupcast, the following operations are further studied for the non-CBG case:
· Option 1: Receiver UE transmits HARQ-NACK on PSFCH if it fails to decode the corresponding TB after decoding the associated PSCCH. It transmits no signal on PSFCH otherwise. Details are FFS including the following:
· Whether to introduce an additional criterion in deciding HARQ-NACK transmission
· Whether/how to handle DTX issue (i.e., transmitter UE cannot recognize the case that a receiver UE misses PSCCH scheduling PSSCH)
· Issues when multiple receiver UEs transmit HARQ-NACK on the same resource
· How to determine the presence of HARQ-NACK transmissions from receiver UEs
· Whether/how to handle destructive channel sum effect of HARQ-NACK transmissions from multiple receiver UEs if the same signal is used
· Option 2: Receiver UE transmits HARQ-ACK on PSFCH if it successfully decodes the corresponding TB. It transmits HARQ-NACK on PSFCH if it does not successfully decode the corresponding TB after decoding the associated PSCCH which targets the receiver UE. Details are FFS including the following:
· Whether to introduce an additional criterion in deciding HARQ-ACK/NACK transmission
· How to determine the PSFCH resource used by each receiver UE
· FFS whether to support SL HARQ feedback per CBG
· Other options are not precluded
Agreements:
· It is supported to enable and disable SL HARQ feedback in unicast and groupcast.
· FFS when HARQ feedback is enabled and disabled.
Agreements:
· Study further whether to support UE sending to gNB information which may trigger scheduling retransmission resource in mode 1. FFS including
· Which information to send
· Which UE to send to gNB
· Which channel to use
· Which resource to use
This paper addresses those issues and discusses how to support unicast and groupcast over sidelink and changes in broadcast over sidelink compared to the LTE design, for advanced NR V2X services. 
HARQ operation for SL unicast and groupcast
HARQ feedback procedure
A/N feedback to gNB in NR SL mode 1
PSFCH will convey SFCI, at least including A/N, for SL unicast and groupcast. In addition, in NR sidelink mode 1, i.e. with dynamic resource allocation, the gNB schedules the initial transmission resources. For SL retransmission, there are two options. 
· Option 1: The gNB schedules the retransmission resources at initial transmission. In this case, on reception of a NACK, the transmitter UE can perform retransmission as soon as the retransmission resources occur. On reception of an ACK, if ACK is not forwarded to gNB, the resources will be wasted as shown in Figure 1. The resource wastage cannot be ignored when the number of retransmissions is set to 2 or more. It is not expected to be suitable for the transmitter UE to use the retransmission resources for a new data transmission. In addition to the fact that the retransmission resources are likely to be allocated on the basis of achieving higher reliability than initial transmission, and thus to be relatively inefficient for initial transmission, two additional problems are identified. First is frequent BSR will be triggered to report the updated buffer status. This will cause excessive Uu overhead as each SL transmission may trigger a BSR report. Another problem is if the new transmission fails, it is not clear how to allocate the retransmission resources, as shown in Figure 2. 
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[bookmark: _Ref531613288]Figure 1 Retransmission resource wasted when not needed
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[bookmark: _Ref531613399]Figure 2 New data transmitted in retransmission resource has no retransmission resource itself
· Option 2: The gNB schedules the retransmission resources after reception of a NACK. Since one more hop of resource scheduling signaling is involved, this option is more suitable for non-delay sensitive services, e.g. information sharing for automated driving between UEs supporting V2X application with an E2E latency of 100 ms [2]. This option is most resource efficient as the retransmission resources and MCS can be appropriately determined. 
Observation 1:  For NR SL mode 1,
· Sending SL ACK to gNB provides improved resource utilization when the retransmission resource is scheduled at initial transmission by allowing re-use of the un-needed retransmission resource.
· Sending SL NACK to gNB provides improved retransmission resource efficiency at least for non-delay sensitive V2X services.
To send the SL HARQ feedback information to gNB, we consider two options:
· Option 1: After the source UE receives the SL feedback information, it sends it to the gNB as shown in Figure 3(a). It is noted that the source UE may reuse the NR PUCCH and NR UE procedure for reporting control information to some extent.
· Option 2:  Direct destination UE to gNB feedback as shown in Figure 3(b).
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[bookmark: _Ref528849723]Figure 3 SL HARQ feedback to gNB in SL mode 1 operation
There are some limitations and challenges identified for Option 2 design. First, this option only works when both the source and destination UEs are in coverage and in RRC-Connected. However, option 1 has no limitation on the location and status of destination UE. It can be in coverage and in Idle/inactive state, and it can also be out of coverage. Second, even when the destination UE is in coverage, in order to associate the feedback resource with source UE data transmission, the resources used for downlink scheduling grant control information (DCI 5A in LTE V2X) should be known to the destination UE. If the information is sent over Uu, new fields such as destination UE ID or group ID need to be carried in DCI. If the information is sent over SL to avoid destination UEs needing to monitor DCIs for source UEs, the information of the grant from gNB to source UE need to be carried in SCI which increases the SCI size. There could also be consequences for MAC buffering since the source UE has to wait longer to know if it can clear the buffer due to an NDI in DCI. In addition, for group-based transmission (e.g. platooning), the source UE or the leading vehicle will be responsible for receiving and forwarding information to gNB. In this case, the source UE can be configured by gNB to receive the scheduling grant for other UEs in the group and forward the feedback information to gNB. 
Therefore, to avoid the complications of transferring sidelink feedback from the destination UE over Uu link(s) and to make a reliable transmission, it is preferable to send SL feedback information from the source UE to the gNB. 
Proposal 1: For NR sidelink mode 1, the source UE sends the sidelink HARQ feedback information to gNB.
HARQ retransmission 
In NR both downlink and uplink adopt asynchronous HARQ for flexible retransmission. NR SL HARQ can follow the NR design to support asynchronous retransmission. This includes both pre-determined retransmission timing at initial scheduling and retransmission timing determination on reception of NACK feedback. Retransmission can be non-adaptive or adaptive as shown in Figure 4:
· Non-adaptive HARQ: All of the parameters of the retransmission are the same as the initial transmission. 
· Adaptive HARQ: One or more of the parameters of the retransmission are determined dynamically. 
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[bookmark: _Ref527724906]Figure 4 Examples of non-adaptive and adaptive HARQ retransmission
In non-adaptive retransmission, the pre-scheduled resources may be used for fast retransmission for delay sensitive services. This is especially suitable for mode 1 operation as the feedback to the gNB and the rescheduling signaling over Uu will cause additional processing and transmission latency. For adaptive retransmission, the retransmission resources, MCS/TBS, and transmission mode such as diversity techniques, etc., can be dynamically determined based on NACK feedback, and CSI when available. This can achieve better resource utilization. 
Proposal 2: For NR SL HARQ,  
· Asynchronous HARQ is supported. 
· Both non-adaptive and adaptive HARQ are supported.
[bookmark: _Ref524763957]Physical layer IDs 
Based on discussions and agreements achieved in RAN1#94 and RAN#94bis meetings [3][4], it is seen that the following identities have been agreed in previous meetings relating to HARQ:
· HARQ process ID for unicast
· Layer-1 destination ID for UE or group
· Additional layer-1 ID(s) for use in HARQ combining
In the following, we will discuss the necessity of an additional layer-1 ID for use in HARQ combing. And some remaining issues will also be addressed. 
Layer-1 source ID
A UE can be a destination for multiple simultaneous unicast and/or groupcast transmissions relating to respective services. Including a source ID in the SCI allows the destination UE(s) to identify which HARQ (re-)transmissions can be combined in dynamically scheduled retransmissions. Considering adaptive retransmission for example, UE1 and UE2 initially transmit in slot n to the same destination UE, say UE3.  If source ID is not included in SCI, UE3 will not know the source UEs if it fails to decode PSSCH. On reception of NACK from UE3, UE1 and UE2 will trigger retransmissions and the resources, MCS/TBS, etc. can be different from the initial transmissions. In this case, there is no way for UE3 to know which transmissions can be combined together as shown in Figure 5. 
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[bookmark: _Ref534276215]Figure 5 Failed HARQ combing without source ID in SCI
Source ID and destination ID can both be carried in SCI, or the source ID can be carried in SCI and the destination ID can be used for PSCCH’s CRC scrambling. By using the destination ID for CRC scrambling, UEs other than the destination UE will not be able to decode the SCI, which could be useful in the sub-modes of mode 2 resource allocation. One option is to split the SCI information into two parts as shown in Figure 6, where resource allocation related control information does not have CRC scrambling, and the other control information is CRC scrambled with sequence generated from destination ID.
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[bookmark: _Ref527726605]Figure 6 SCI processing diagram

 HARQ process ID
Multiple HARQ processes need to be supported for parallel transmissions to provide high throughputs for both unicast and groupcast. HARQ process ID is supported for unicast, and should be supported for groupcast as well.  To keep track of each asynchronous HARQ process, the transmitter and the receiver should know from the SCI the HARQ process ID being used for each (re)transmission as shown in Figure 6. 
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[bookmark: _Ref527727078]Figure 6 Multiple HARQ processes in asynchronous HARQ
Proposal 3: For NR SL HARQ transmission, the following identities related to the transmission are carried in SCI sent by the source UE: 
· HARQ process ID.
· Layer-1 destination ID.
· Layer-1 source ID. 
HARQ operation for groupcast
Based on NR V2X service analysis in [5], it is noted that groupcast transmission is most suitable for two scenarios: platooning and cooperative driving. The hallmark of such use cases is that information is relevant to all of a group of vehicles located close to, and possibly associated with, one another. So in groupcast transmission, each group member is targeted as a destination UE and transmission requirements in terms of reliability should be achieved consistently throughout the group. Similarly, the required transmission reliability should be guaranteed throughout the service duration for each UE in the group. 
In RAN1#94bis and RAN1#95 meetings, there were discussions on whether/how to support Tx-Rx range based SL HARQ feedback, i.e. that relatively distant UEs might not send HARQ feedback. From our perspective, it is more of an enhancement of broadcast than groupcast since only some of the group members are assured a target required reliability. It is based on the understanding that more reliable transmissions are required for closer UEs and closer UEs are more likely to receive the transmission successfully. Range can be used as a factor to determine a group, but should not be applied to differentiate performance for UE members in a group. It violates the character of groupcast services with a number of disadvantages:
· Range/distance alone is not sufficient to determine different HARQ operations. A reasonable value of range is difficult to be pre-determined. It is closely related to the services being provided. Also the channel state is not only dependent on the distance, but also other factors such as blockage of different vehicle types and etc. It is possible that a UE within the range is in hostile communication conditions which will trigger frequent HARQ retransmissions. 
· The reliability requirement may not be guaranteed for some of the  group members which is unacceptable for some use cases. Since the group head does not receive feedback from UEs beyond the given range, it cannot dimension its transmissions to ensure they have sufficient reception reliability. However, for instance, in platooning, even if the last vehicle is beyond the feedback range, it still needs to receive the command from the platoon leader successfully for proper group operation. In automated cooperative driving for short distance grouping use case as described in 5.5 in [6], it states that reliable wireless communications are required among the vehicles in a cooperative group. 
· A UE may not be provided with required transmission reliability during the service due to the varying distance to the transmitter UE. For instance, at times the vehicle is within the pre-determined range, but sometimes, the vehicle is moving beyond the distance limit. In this case, complicated QoS re-negotiation at higher layer may be needed.
In summary, in groupcast transmission, the requirement on transmission reliability needs to be provided to each group member and throughout the service duration for a specific UE. Therefore, based on the discussion in [12], when sidelink HARQ feedback is enabled for groupcast, it is preferred to use FDM+CDM scheme to multiplex the HARQ feedback from each group UE.
Observation 2: Range-based HARQ feedback cannot provide the required reliability within a group, and the consistent reliability during a service’s existence that are needed for groupcast transmission. 
CSI acquisition
In RAN1#94bis, in the context of sidelink CSI, RAN1 agreed to study further which of the following example information is useful in sidelink operation when it is available at the transmitter, i.e. CQI, PMI, RI, RSRP, RSRQ, pathgain/pathloss, SRI, CRI, interference condition, vehicle motion. In this section, we will further discuss the necessity of these sidelink CSI information. 
Due to the changing communication environment, a fixed MCS will not work efficiently on SL any more than it does for Uu. CQI can be used for AMC to fast adapt to link variations, including enabling high order modulations which are hard to utilize without CQI feedback. 
For unicast and groupcast, closed-loop MIMO can be used with more antennas deployed especially in FR2 to explore transmission diversity and multiplexing. PMI and RI reporting can facilitate selection of precoding matrix and the number of streams multiplexed on the same resources. It is shown in section 5 that closed-loop MIMO with feedback can outperform open-loop MIMO at both low and high UE velocity. Beamforming can improve coverage and needs to be supported over SL. To enable SL beam selection and management, CSI report should also include beam based measurement e.g. CRI, SRI and RSRP. Due to the dual mobility in V2X and the high speed that can reach 500 km/h, the vehicular channel exhibits high variability in both time and frequency leading to high Doppler spread and variable delay spread. Therefore, the existing CQI feedback techniques is insufficient for ensuring the high reliability requirements of advanced V2X use cases. CQI indicates the channel quality based on the measured SINR. However, the cause of the SNR degradation, whether it is due to path loss, Doppler, or delay, cannot be retrieved from CQI. Therefore, the vehicle motion related information, such as Doppler spread and delay spread measurements may also need to be reported as part of CSI reporting (e.g., based on TRS) for adaptive DMRS configuration.. In our companion contributions [7], [8], these CSI parameters are discussed in more detail. 
Proposal 4: For NR SL link adaptation, the CSI feedback at least includes the following parameters:
· CQI for performing AMC.
· PMI, RI for performing closed-loop MIMO.
· CRI, SRI and RSRP for performing beamforming.
· Doppler spread and delay spread for DMRS adaptation.
The same as in NR CSI reporting over PUCCH, both periodic/semi-persistent CSI reports, and a single CSI report should be taken into consideration. The CSI information can be multiplexed with A/N feedback when available and NR UE procedure for multiplexing A/N and CSI in a PUCCH can be reused. For SL mode 1, the CSI reporting can be sent to gNB so that the transmission resources, transmission mode, MCS and TBS can be appropriately selected for better link adaptation. 

[bookmark: _Ref528846070]Power control 
Open loop power control for sidelink was adopted in LTE V2X and LTE D2D. Based on [9], the sidelink transmit power is limited by the min of the maximum transmission power and the uplink transmit power associated with downlink path loss. For LTE sidelink mode 1, the eNB can set a bit in the DCI format 5 to essentially overwrite the open loop power control and instruct the UE to transmit at full power. Basically, in case of low load, the eNB does not have to multiplex SL and UL in the same subframe, and interference on the UL is not a big problem. For LTE sidelink mode 4 operation, if configured by higher layers, the transmit power is also adjusted based on the priority level of the PSSCH and the measured channel busy ratio. A power boost of 3 dB is applied to PSCCH over PSSCH for LTE V2X to provide higher reliability to control messages. Based on the three multiplexing options of PSCCH and the associated PSSCH identified to need further study in earlier meetings, NR-V2X can reuse the open loop power control mechanism as in LTE V2X/LTE D2D. 
For cases such as unicast between platooning members at the cell edge, the destination UE is located very close to the source UE. If the LTE V2X power control rule is followed, the sidelink transmit power could be larger than is necessary. In this case, the transmitter can apply closed-loop power control based on RSRP feedback to reduce the interference over sidelink. Large scale fading and/or path loss can be estimated for SL power control. 
In addition, as transmissions in NR V2X can be beamformed, e.g. for FR2, power control for sidelink should take into account beam-based transmissions.
Proposal 5: Reuse LTE V2X/LTE D2D open loop power control mechanism for NR V2X open loop power control. For NR sidelink mode 1, reuse the LTE D2D mechanism to disable power control. 
Proposal 6: Closed-loop power control for unicast and groupcast over sidelink should be supported. 
Proposal 7: Open- and closed-loop power control should take beam-based sidelink transmission into account.
[bookmark: _Ref528852095][bookmark: _Ref531681600]Multi-antenna transmission scheme 
For broadcast, open-loop MIMO schemes, such as SFBC, or precoder cycling, can be considered to increase the reliability of PSSCH without increasing the overhead too much. For unicast and groupcast, closed-loop MIMO schemes can be considered to improve sidelink throughput and reliability. The MIMO transmission scheme with type 1 precoder in Rel-15 NR Uu can be the starting point with some simplification/modification, if needed. 
Some evaluation results are provided here whereas the detailed link level simulation results are provided in our companion contribution [10]. The simulation parameters are given in Appendix A. For the small-delay CDD scheme, the delay difference between adjacent antenna ports is set to 0.1 us. For SFBC, the SFBC-FSTD scheme for four antenna ports in LTE is applied. For the precoder cycling scheme, RB-level precoder cycling is applied. More specifically, the precoding matrix can be written as , where  can be determined based on long-term CSI and  is alternately chosen from the set  . 
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	(a) Low modulation order
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	(b) High modulation order


[bookmark: _Ref525304563]Figure 7 Performance comparison of open-loop MIMO schemes
From Figure 7, it is seen that SFBC outperforms small-delay CDD and precoder cycling schemes in different SCS, code rate, and UE velocity settings. At low vehicle velocity of 3 km/h, the performance gain is around 2 dB and 3 dB at BLER of 10-2 over precoder cycling and small delay CDD, respectively. When the velocity is increased to 250 km/h and 500 km/h, the performance gain can reach up to 3 dB and 4 dB, respectively. SFBC is robust to SCS and UE velocity compared to the other two schemes even at high code rate. At 500 km/h with code rate of 0.6 and SCS of 30 KHz,  SFBC still can achieve a BLER lower than of 10-3. 
Figure 8 shows the throughput of closed-loop MIMO compared to open-loop MIMO. Two data streams are transmitted and the NR type-1 codebook is used. The feedback periodicity is set to 5ms. It is observed that the open- and closed-loop multi-layer MIMO have the comparable performance with 4T4R at high UE velocity. But at low UE velocity of 3km/h, closed-loop outperforms open-loop multi-layer MIMO at a wide range of SNR values. This can benefit at least sidelink unicast communication. For instance, in a ‘see-through’ use case, the preceding and the following vehicles have a low relative velocity. Closed-loop multi-layer MIMO can be used to provide high throughput for live video sharing in this use case. 
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Figure 8 Performance comparison of closed-loop MIMO and open-loop MIMO
With more frequent CSI feedback, the channel status is more accurately captured and the transmission should be more efficient. However, too small CSI feedback periodicity setting will introduce extra overhead of reference signals and feedback resources. Therefore, the CSI reporting periodicity should be configurable based on the feedback information. Some evaluation results are given in Figure 9 to demonstrate the channel estimation accuracy with different feedback periodicity and its effect on throughput. Here we simulate periodic PMI/RI feedback for codebook selection in MIMO. The PMI/RI feedback periodicity is set to 1 ms, 5 ms, 10 ms and 20 ms, respectively. 
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[bookmark: _Ref534982131]Figure 9 Throughput performance vs. CSI feedback periodicity
It is observed that the performance of 5 ms periodicity achieves, in this scenario, the best tradeoff between overhead and channel variation tracking. The performance of 1 ms period is slightly lower, due to the overhead of frequent RS and feedback transmitting. Longer periodicities have reducing throughput, but may be appropriate when the system resources are heavily loaded, and these results illustrate a familiar trade-off in configuration of feedback periodicity. In all cases, the closed loop results are still lower-bounded by the open-loop results.
More efficient MIMO schemes may be applied and NR features such as beamforming can also be considered for NR V2X design to meet the data rate requirements. For beamforming-based transmissions, beam sweeping may be considered for broadcast and groupcast communication. In case of platooning, beam sweeping can be done by the leading vehicle; similarly an RSU can perform it for the advanced driving use case. When beam sweeping is used for broadcast and groupcast transmission for the same content, combination of the swept beams can be considered to enhance the reliability. Furthermore, for unicast and groupcast transmission with beamforming, both beam repetition (same or different beam) and retransmission can help to enhance the reliability.
Proposal 8: Open-loop MIMO schemes based on SFBC should be considered for sidelink unicast, groupcast, and broadcast communications. 
Proposal 9: Closed-loop MIMO scheme should be considered at least for sidelink unicast communication.
Proposal 10: Beamforming and beam sweeping techniques should be considered for sidelink unicast, groupcast, and broadcast communications.
Half duplex constraint 
Sidelink operates in half-duplex. With unicast, the destination UE needs to be in the reception state to be able to receive the transmission. Similarly, for groupcast transmission, all the destination group members should be in the reception state when the group leader is transmitting group operation commands. For NR sidelink mode 1 transmission, the gNB can manage the link to ensure that an intended target is listening when the source UE is active. Thus, for NR sidelink mode 1, the half-duplex problem can be eliminated. For NR sidelink mode-2, grant-free transmission as in mode 2c is an effective solution to resolve half duplex issues by having UEs using different transmission patterns [11]. With the proposed grant-free transmission, a UE can have at least one successful reception of each neighboring UE configured with different transmission patterns in the length of the transmission patterns in time domain. However, for other Mode-2 sub- modes, the half-duplex problem cannot be solved and will become even worse when asynchronous traffic are introduced in NR V2X. 
Observation 3: For NR sidelink mode-2 transmission, grant free transmission is an effective solution to alleviate the half duplex problem. 

Conclusions
In the following, we highlight our key observations and proposals related to the sidelink physical layer procedure in NR V2X.
Observation 1:  For NR SL mode 1,
· Sending SL ACK to gNB provides improved resource utilization when the retransmission resource is scheduled at initial transmission by allowing re-use of the un-needed retransmission resource.
· Sending SL NACK to gNB provides improved retransmission resource efficiency at least for non-delay sensitive V2X services.
[bookmark: _GoBack]Observation 2: Range-based HARQ feedback cannot provide the required reliability within a group, and the consistent reliability during a service’s existence that are needed for groupcast transmission. 
Observation 3: For NR sidelink mode-2 transmission, grant free transmission is an effective solution to alleviate the half duplex problem. 
Proposal 1: For NR sidelink mode 1, the source UE sends the sidelink HARQ feedback information to gNB.
Proposal 2: For NR SL HARQ,  
· Asynchronous HARQ is supported. 
· Both non-adaptive and adaptive HARQ are supported.
Proposal 3: For NR SL HARQ transmission, the following identities related to the transmission are carried in SCI sent by the source UE: 
· HARQ process ID.
· Layer-1 destination ID.
· Layer-1 source ID. 
Proposal 4: For NR SL link adaptation, the CSI feedback at least includes the following parameters:
· CQI for performing AMC.
· PMI, RI for performing closed-loop MIMO.
· CRI, SRI and RSRP for performing beamforming.
· Doppler spread and delay spread for DMRS adaptation.
Proposal 5: Reuse LTE V2X/LTE D2D open loop power control mechanism for NR V2X open loop power control. For NR sidelink mode 1, reuse the LTE D2D mechanism to disable power control. 
Proposal 6: Closed-loop power control for unicast and groupcast over sidelink should be supported. 
Proposal 7: Open- and closed-loop power control should take beam-based sidelink transmission into account.
Proposal 8: Open-loop MIMO schemes based on SFBC should be considered for sidelink unicast, groupcast, and broadcast communications. 
Proposal 9: Closed-loop MIMO scheme should be considered at least for sidelink unicast communication.
Proposal 10: Beamforming and beam sweeping techniques should be considered for sidelink unicast, groupcast, and broadcast communications.
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Table 1 Link level simulation assumptions for MIMO
	Parameter
	Value

	Carrier frequency
	6 GHz

	Bandwidth
	10 RB

	Channel 
	Urban-nlos

	MCS
	QPSK, code rate-0.3
64QAM, code rate-0.6
AMC

	Waveform
	CP-OFDM

	Subcarrier Spacing
	30/60 kHz

	Symbol number
	13

	CP length
	Normal CP

	Frequency synchronization error
	Not modeled

	DMRS configuration
	DMRS 1+3
DMRS symbol position <#0, #3, #6, #9>
DMRS 1+2 
DMRS symbol position <#1, #6, #11>

	Number of antennas
	2, 4

	Antenna array configuration
(M, N, P, Mg, Ng)
	2T4R, 4T4R
(1, 1, 2, 1, 1) , (1, 2, 2, 1, 1)

	Transmission diversity scheme
	small-delay-CDD/SFBC/precoder cycling

	UE receiver algorithm
	MMSE

	Speed
	3/250/500 km/h

	Time delay for small-delay-CDD(SCDD)
	#TX0 0 us, #TX1 0.1 us

	CSI-RS density
	1 RE per PRB





image3.emf
 

A/N

Data/RS

Source UE

Destination UE

A/N forwarding in 

NR SL mode-1

A/N feedback in 

NR SL mode-1

Data/RS

Source UE

Destination UE

(a) (b)


image4.emf
 

UE1

UE1

UE2

UE2

Initial Re-tx

Adaptive

UE1

UE1

UE2

UE2

Initial

Re-tx

Non-adaptive

t

f

t

f

n n+2 n+1

n+3

n n+2 n+1


image5.emf
 

Initial

UE3 receives two packets 

but fails to decode them

t

f

n+3

n n+2 n+1

UE3 does not know how to combine 

the initial and retransmissions

Retransmission


image6.emf
 

Resource 

allocation  related 

control  info.

Other control 

info.

encoding

encoding

Scrambling

Scrambling 

Modulation 

modulation

RE 

mapping

Signal 

generation

CRC

CRC

scrambling with 

destination ID 

generated 

sequence


image7.emf
 

HARQ  1

HARQ  2

……

t

f

HARQ  1

HARQ  2


image8.png
BLER

2T4R, speed-3km/h, QPSK-CR0.3, DMRS 1+3

T

W
X

o s





image9.png
BLER

2T4R, speed-250km/h, QPSK-CR0.3, DMRS 1+3

10f

, B | Eosmes oo
102
. .
Tt
10 O
Sox
5
108 =}





image10.png
BLER

2T4R, speed-500km/h, QPSK-CR0.3, DMRS 1+3

SCS-30kHz,
SCS-60kHz,

scoD
scop
pre-cycing

pre-cycing
sFec
sFec

5

SNR(dB)





image11.png
BLER

10

102

104

2T4R, speed-3km/h, 64Qam-CR0.6, DMRS 143

=% = SCS-30kHz, SCDD
- & - SCS-60z, SCDD
-g- SCS-20Hz, pre-cycing
== SCS-80Hz, pre-cycing
—3H— 5CS-30kHz, SFBC

—E6— sCs 0Ktz 5FBC

0 5 10
SNR(dB)

15




image12.png
BLER

2T4R, speed-250km/h, 64Qam-CR0.6, DMRS 143

10°

= 3 = SCS-20KHz, SCOD
= €)= SCS-60KHz, SCOD

== SCS-20kHz, pre-cycling
=45 SCS-60KkHz, pre-cycling

SCS-30kHz, SFBC
SCS-60kHz, SFBC

10 15 20 2
SNR(dB)




image13.png
BLER

10f

107

10

104

10°

2T4R, speed-500km/h, 64Qam-CR0.6, DMRS 1+3

~3% - scsoz,
- & - scsokt,

-g- SCS-0Hz
- - SCS B0,
—¥— SCs-30kHz,
—©— scs ez

scoD
scop
pre-cycing

pre-cycing
sFec
sFec

5

0

5 10
SNR(dB)

20




image14.png
Throughput(mbps)

55

50

Open-loop vs. closed-loop MIMO, SCS = 60kHz, 4T4R

—a— 3, OL
=== 3kmih, CL 5ms
i 250kmih, OL
=== 250kmih, CL 5ms.
—a— 500kmih, OL
=== 500kmh, CL 5ms.

SNR(dB)




image15.png
‘Throughput(mbps)

Impact of CSl feedback periodicity, velocity = 3km

55

50

35°

0 2 4 3 8 10 12 14 16
SNR(dB)




image1.emf
 

gNB

S-UE

D-UE

ACK

SL initial scheduling

Initial tx.  resources 

and retx.  resources

Initial tx. 

Resource release

Resource waste


image2.emf
 

gNB

S-UE

D-UE

ACK

SL initial scheduling

Initial tx.  resources 

and retx.  resources

Initial tx. 

Resource release

Initial tx. of

new data

NACK

??

Retx.  resource

x


