
3GPP TSG RAN WG1 Meeting #98                                                                      R1-1908584
Prague, CZ, August 26th – 30th, 2019

Source:	CATT
[bookmark: Title]Title:	Sidelink physical layer procedures in NR V2X
[bookmark: Source]Agenda Item:	7.2.4.5
[bookmark: DocumentFor]Document for:	Discussion and Decision

Introduction
In RAN#83, the new work item on 5G V2X with NR sidelink[1] was approved with the following objectives related to sidelink physical layer procedures:
	· Sidelink physical layer procedures as per the study outcome
· HARQ procedures [RAN1, RAN2]
· CSI acquisition for unicast [RAN1]
· CQI/RI reporting is supported and they are always reported together. No PMI reporting is supported in this work. Multi-rank PSSCH transmission is supported up to two antenna ports.
· In sidelink, CSI is delivered using PSSCH (including PSSCH containing CSI only) using the resource allocation procedure for data transmission.
· Power control [RAN1, RAN2]



In RAN1#97 meeting, the sidelink physical layer procedures for NR V2X were discussed with following agreements [2]:
	Agreements:
· For sidelink transmit power control,
· Total sidelink transmit power is the same in the symbols used for PSCCH/PSSCH transmissions in a slot.
· FFS whether/how to handle simultaneous transmission of sidelink and uplink
· The maximum SL transmit power is (pre-)configured to the TX UE.
· FFS on details (e.g., whether the maximum power is dependent of parameters such as the priority of PSCCH/PSSCH)

Agreements:
· For the SL open-loop power control, a UE can be configured to use DL pathloss (between TX UE and gNB) only, SL pathloss (between TX UE and RX UE) only, or both DL pathloss and SL pathloss.
· When the SL open-loop power control is configured to use both DL pathloss and SL pathloss,
· The minimum of the power values given by open-loop power control based on DL pathloss and the open-loop power control based on SL pathloss is taken.
· (Working assumption) P0 and alpha values are separately (pre-)configured for DL pathloss and SL pathloss.

Agreements:
· For at least option 1 based TX-RX distance-based HARQ feedback for groupcast,
· A UE transmits HARQ feedback for the PSSCH if TX-RX distance is smaller or equal to the communication range requirement. Otherwise, the UE does not transmit HARQ feedback for the PSSCH
· TX UE’s location is indicated by SCI associated with the PSSCH.
· Details FFS 
· The TX-RX distance is estimated by RX UE based on its own location and TX UE location.
· The used communication range requirement for a PSSCH is known after decoding SCI associated with the PSSCH
· FFS implicit or explicit
· FFS how to define location
· Send a response LS to SA2 including this agreement – R1-1907823 (Hanbyul, LGE), which is approved with final LS in R1-1907908

Agreements:
· For the period of N slot(s) of PSFCH resource, N=2 and N=4 are additionally supported.

Agreements:
· For a PSSCH transmission with its last symbol in slot n, when the corresponding HARQ feedback is due for transmission, it is expected to be in slot n+a where a is the smallest integer larger than or equal to K with the condition that slot n+a contains PSFCH resources.
· FFS details of K

Agreements:
· At least for the case when the PSFCH in a slot is in response to a single PSSCH:
· Implicit mechanism is used to determine at least frequency and/or code domain resource of PSFCH, within a configured resource pool. At least the following parameters are used in the implicit mechanism:
· Slot index (FFS details) associated with PSCCH/PSSCH/PSFCH
· Sub-channel(s) (FFS details) associated with PSCCH/PSSCH
· Identifier (FFS details) to distinguish each RX UE in a group for Option 2 groupcast HARQ feedback
· FFS detailed applicability of the above parameters 
· FFS: Other parameters (e.g. SL-RSRP/SINR, Layer-1 source ID, location information, etc.)
Conclusion:
· Study further whether/how to handle/avoid the following cases for PSFCH transmission and reception:
· Case 1 (PSFCH TX/RX overlap): A UE transmitted a PSSCH and received SCI scheduling another PSSCH where PSFCH resources corresponding the two PSSCHs appear in the same slot.
· Case 2 (PSFCH TX to multiple UEs): A UE received SCI from different UEs and the associated PSFCHs appear in the same slot.
· Case 3 (PSFCH TX with multiple HARQ feedback to the same UE): A UE received multiple SCI from the same UE and the associated PSFCHs appear in the same slot.



This contribution will further discuss following design aspects on sidelink physical layer procedures:
· Sidelink HARQ operations
· Sidedlink CSI acquisitions
· Sidelink power control
Sidelink HARQ operations 
Layer-1 information for HARQ operation
	RAN1#AH-1901 agreements:
Agreements:
· Layer-1 destination ID can be explicitly included in SCI
· FFS how to determine Layer-1 destination ID
· FFS size of Layer-1 destination ID
· The following additional information can be included in SCI
· Layer-1 source ID
· FFS how to determine Layer-1 source ID
· FFS size of Layer-1 source ID
· HARQ process ID
· NDI
· RV
· FFS whether some of the above information may not be present etc. in some operations (e.g., depending on whether they are used for unicast, groupcast, broadcast)

RAN1#97 agreements:
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




Whether introducing additional layer-1 information in SCI for the HARQ operation depends on the resource reservation mechanism. If a HARQ operation  can reserve all the resource for initial transmission and all retransmissions in one SCI with blind retransmission, similar to that in Rel-14 LTE V2X, then the additional layer-1 information (including Layer-1 source ID, HARQ process ID, RV and NDI) might not be necessary to include in SCI contents. If  a HARQ operation  can only reserve partial resource for initial transmission and all retransmissions in one SCI, such as: chain-based reservation or group-based reservation [4], the additional layer-1 information (including Layer-1 source ID, HARQ process ID, RV and NDI) should be include in SCI contents to support sidelink HARQ operation. 
With the consideration of flexibility of resource indication and SCI overhead, it is preferred to introduce additional layer-1 information (including Layer-1 source ID, HARQ process ID, RV and NDI) into SCI contents for all the cast type. 
Proposal 1: Additional layer-1 information (including Layer-1 source ID, HARQ process ID, RV and NDI) is included in SCI for all the cast type.
HARQ ACK/NACK based feedback for groupcast(option 2)
	RAN1#96bis agreements:
Agreements:
· In HARQ feedback for groupcast,
· When Option 1 is used for a groupcast transmission, it is supported 
· all the receiver UEs share a PSFCH
· FFS: a subset of the receiver UEs share a PSFCH
· FFS: all or a subset of receiver UEs share a pool of PSFCH.
· When Option 2 is used for a groupcast transmission, it is supported 
· each receiver UE uses a separate PSFCH for HARQ ACK/NACK.
· FFS: all or a subset of receiver UEs share a PSFCH for ACK transmission and another PSFCH for NACK transmission
· FFS on which entity and how to allocate PSFCH resource to the receiver UE(s)
· FFS whether or not to additionally support a mixture of option 1 and option 2 for a groupcast transmission
· Note: Each PSFCH is mapped to a time, frequency, and code resource.

RAN1#97 agreements:
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



[bookmark: _GoBack]In HARQ ACK and NACK based feedback for groupcast (option 2), each receive UE uses a separate PSFCH for HARQ ACk/NACK feedback. It was agreed in RAN1#97 that there is no additional sensing for other channels. Therefore, the PSFCH resource for option 2 can only be determined in an explicit manner. 
In order to support explicit HARQ feedback for groupcast , a PSFCH resource set could be determined based on the PSCCH/PSSCH transmission resource, and the individual PSFCH resource of each member UE shall be explicitly indicated  among member UEs in the group, e.g. based on the order of member UE IDs. However, group member has no information about the group member ID, and RAN2 also raised their concerns for option 2 in RAN2 LS[6].  Therefore, RAN1 should send LS to RAN2 and SA2 about the situation of option 2.
Proposal 2: In groupcast communication with HARQ feedback option 2, a PSFCH resource set shall be derived from the associated PSCCH/PSSCH resource implicitly, and the individual PSFCH resource of each member UE shall be determined among member UEs within the PSFCH resource set, e.g. based on the member UE IDs.
Proposal 3: Send LS to RAN2 and SA2, each group member shall be aware of member IDs of other group members for option 2 HARQ feedback.  
Tx-Rx distance-based HARQ feedback for groupcast
In Tx-Rx distance-based HARQ feedback, the UE’s location information is indicated in SCI. Since the accurate UE location information will lead to larger overhead which can not be acceptable. Therefore, some shortened location information could be carried in SCI, e.g. zone ID. And the Tx-Rx distance could be calculated by the distance between the central point of Tx zone and Rx zone. 
The communication range requirement of PSSCH has been agreed as a QoS parameter of V2X traffic. Therefore, it could be indicated explicitly by traffic priority-related information.
Proposal 4: The communication range of PSSCH transmission is indicated explicitly, e.g.  priority-related information if agreed. 
PSFCH resource configurations
The main issue on the PSFCH resource configuration is the multiplexing between PSCCH/PSSCH and PSFCH. FDM between PSCCH/PSSCH and PSFCH is undesirable because it will lead to the complicated half duplex constraint for some UEs not to transmit and receive at the same symbol. The main motivation of FDM multiplexing is for PSFCH resource overhead reduction. However, the PSFCH resource can also be configured periodically with a period of N slots to reduce the PSFCH overhead. FDM multiplexing is not a good solution due to half-duplex issue.Only TDM between PSCCH/PSSCH and PSFCH needs to be supported in Rel-16 V2X. Furthermore, for a given slot, the OFDM symbols used for PSFCH shall be same; otherwise, it will lead half-duplex issue as shown in Figure 1. The PSFCH resource configuration could be a resource pool specific configuration.  

.
Figure 1: TDM multiplexing between PSCCH/PSSCH and PSFCH
Proposal 5: Only TDM multiplexing between PSCCH/PSSCH and PSFCH shall be support in NR V2X. 
· For a given slot, the OFDM symbols used for PSFCH shall be same.
· The PSFCH resource configuration is a resource pool specific configuration. 
Sidelink HARQ feedback timeline
	RAN1#97 agreements:
Agreements:
· For a PSSCH transmission with its last symbol in slot n, when the corresponding HARQ feedback is due for transmission, it is expected to be in slot n+a where a is the smallest integer larger than or equal to K with the condition that slot n+a contains PSFCH resources.
· FFS details of K
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



Since RAN1 has agreed there is no additional sensing for other channels, it is naturally that the K value shall be fixed at least in resource pool specific manner to avoid PSFCH resource collision. And the K value shall be determined in slot granularity. 
Proposal 6: The K value shall be fixed at least in resource pool specific manner, and the granularity of K value shall be slot-level. 
PSFCH resource determination
In order to support implicit resource mapping between PSFCH and PSCCH/PSSCH transmission, there should be a one-to-one mapping to avoid potential PSFCH resource collision. As shown in Figure 2, when N=4, there is at least 4 PSFCH set, and each PSFCH set shall include M PSFCH resources, where M is at least equal to the sub-channel numbers within the resource pool. Base on that, the PSFCH frequency resource could be determined by slot # of PSSCH transmission, start sub-channel # of PSSCH. And the base sequence for the PSFCH could be determined by zone ID, which is similar as cell ID, and provide better sequence orthogonal performance if multiple Tx UE are located in same zone. 
PSFCH_fre_res_index = Func( slot # of PSSCH, start sub-channel # of PSSCH)
Initial_ID of base sequence = Zone_ID



Figure 2: PSFCH resource mapping for N=4
Proposal 7:  The PSFCH resource could be determined by following equations:
· PSFCH_fre_res_index = Func( slot # of PSSCH, start sub-channel # of PSSCH)
· Initial_ID of base sequence = Zone_ID

1.1.1 PSFCH Tx/Tx overlapping
In NR V2X, a destination UE may perform groupcast communication with multiple groups, or perform both unicast and groupcast communication simultaneously. Then, there is a potential overlapping for PSFCH Tx/Tx overlapping, as illustrated in Figure 3. UE1 and UE 2 transmit PSCCH/PSSCH to UE3 at same slot, and both of them require HARQ feedback.   UE3 needs to transmit two PSFCHs at same slot. With the consideration of PSFCH coverage and reliability, only one PSFCH feedback is  transmitted from UE3.  In this situation, how to select one PSFCH feedback from multiple PSFCH feedbacks shall be specified. The principle in in-device coexistence could be reused in this operation where the PSFCH feedback associated with higher priority PSSCH transmission shall be prioritized over others.


Figure 3: PSFCH Tx/Tx overlapping

Proposal 8: From a UE perspective, only one PSFCH shall be transmitted at a given slot. The PSFCH feedback associated with higher priority PSSCH shall prioritize others.
CSI acquisitions for sidelink unicast communication
Whether to support CSI-only transmission by PSSCH
According to the WI description [1], “CQI/RI reporting is supported and they are always reported together. No PMI reporting is supported in this work. Multi-rank PSSCH transmission is supported up to two antenna ports.”
With the consideration of NR Uu design, two codewords can only be used for transmission with more than 4 layers. Therefore, in Rel-16 NR sidelink, single codeword will be used for PSSCH sidelink transmission. 
The CSI payload for Rel-16 NR sidelink will be 5 bits (4(CQI)+1(RI) = 5 bits), and RAN1 has agreed that sub-channel is the minimum resource granularity of PSSCH resource allocation. If CSI-only information is transmitted by PSSCH, one sub-channel shall be used for this transmission.  It will lead to resource fraction and large waste of resource. Therefore, it is preferred to rule out the CSI-only transmission by PSSCH in Rel-16.
Proposal 9: CSI-only transmission by PSSCH shall not be supported in Rel-16 NR sidelink.
Signaling enhancement in SCI
Presence of CSI-RS in the associated PSSCH region shall be indicated by SCI, and this indicator can also be used to trigger CSI reporting. 
Proposal 10: SCI shall indicate the presence of CSI-RS in the related PSSCH resource, and this indicator can also be used to trigger CSI reporting.
When CSI report is transmitted with associated data transmission, CSI information is transmitted piggybacking on PSSCH. Then the resource allocation mechanism for data transmission could be purely reused.  
Proposal 11: The SCI shall indicate the presence of CSI report in the PSSCH resource. 
Sidelink power control
In RAN1#97 meeting, RAN1 has agreed that SL open-loop power control can be performed by DL pathloss and/or SL pathloss.  Since the Uu communication is different from sidelink communication, it is naturally to use separate power control parameters.  Therefore, we propose to confirm the work assumption that P0 and alpha values are separately (pre-)configured for DL pathloss and SL pathloss.
Proposal 12: Confirm the work assumption, P0 and alpha values are separately (pre-)configured for DL pathloss and SL pathloss.
Power control for groupcast communication 
For sidelink groupcast communication, if the power control is performed based on the worst UE, which can ensure the reliability of groupcast communication and further reduce the system interference. However, if the power control is based on SL-RSRP feedback from receiving UE, how to obtain the SL-RSRP from the multiple receiving UEs shall be the first priority issue. 
The SL-RSRP feedback shall not be transmitted without PSSCH transmission.   It should be transmitted associated within PSSCH transmission from receiving UE. If the SL-RSRP is transmitted associated with PSSCH transmission, the SL-RSRP feedback information may not obtain efficiently due to no timely PSSCH transmission from receiving UEs. Therefore, it is preferred that no SL-RSRP based power control for sidelink groupcast is supported in Rel-16.
Proposal 13: SL-RSRP based power control for sidelink groupcast communication is not supported in Rel-16.
Handling of simultaneous transmission of sidelink and uplink
In RAN1#97 meeting, RAN1 has agreed that total sidelink transmission power is constant for PSCCH/PSSCH transmission in a slot.  However there is potential overlap between Uu transmission and sidelink transmission. How to control the transmission power shall be addressed.
In Rel-14/Rel-15 LTE V2X, this overlapping issue has been addressed by “thresSL-TxPrioritization” configuration. 
· In case of that Uu transmission and sidelink transmission are happened in same carrier.
If the value in "Priority" field of the corresponding SCI is smaller than the configured “thresSL-TxPrioritization”, and then the UE shall drop the uplink transmission. Otherwise, the UE shall drop the sidelink transmission.
· In case of that Uu transmission and sidelink transmission are happened in different carrier.
If the value in "Priority" field of the corresponding SCI is smaller than the configured “thresSL-TxPrioritization”, the UE shall adjust the uplink transmission power such that its total transmission power does not exceed P_cmax. Otherwise, the UE shall adjust the sidelink transmission power such that its total transmission power does not exceed P_cmax. 
We think the design principle of Rel-14/Rel-15 LTE V2X could be reused in Rel-16 NR V2X to handling this overlapping issue. 
Proposal 14: Rel-14/Rel-15 LTE V2X design principle could be reused to handling simultaneous transmission of sidelink issue in Rel-16 NR V2X, e.g. introducing  a configuration of “thresSL-TxPrioritization”.
Maximum sidelink transmit power configuration
The maximum SL transmission power configuration will be impacts by many factors, such as: communication range, traffic delivery reliability, and system congestion ratio, and etc.. Therefore, we think it could be discussed in congestion control as that in Rel-14 LTE V2X which is illustrated in Figure 4.


Figure 4: Congestion control framework in Rel-14/Rel-15 LTE V2X
Proposal 15: The maximum SL transmission power configuration will depend on traffic QoS/Priority, system CBR, and etc., which could be discussed in congestion control mechanism.

RS used for SL-RSRP measurement in unicast
Both DMRS and CSI-RS could be used for SL-RSRP estimation, but the CSI-RS may not be always available. Both RSs are associated with PSSCH transmission, and the transmission power of RS shall be same as that of PSSCH transmission and also with power control. If the transmission power is known in advance, it will be beneficial of SL-RSRP measurement accuracy. 
Proposal 16: Both DMRS and CSI-RS (if enable) can be used for SL-RSRP measurement.
Conclusions
In this contribution, the design aspects for sidelink physical layer procedure are discussed. Particularly, we have following observation and proposals:
Proposal 1: Additional layer-1 information (including Layer-1 source ID, HARQ process ID, RV and NDI) is included in SCI for all the cast type.
Proposal 2: In groupcast communication with HARQ feedback option 2, a PSFCH resource set shall be derived from the associated PSCCH/PSSCH resource implicitly, and the individual PSFCH resource of each member UE shall be determined among member UEs within the PSFCH resource set, e.g. based on the member UE IDs.
Proposal 3: Send LS to RAN2 and SA2, each group member shall be aware of member IDs of other group members for option 2 HARQ feedback.  
Proposal 4: The communication range of PSSCH transmission is indicated explicitly, e.g.  priority-related information if agreed. 
Proposal 5: Only TDM multiplexing between PSCCH/PSSCH and PSFCH shall be support in NR V2X. 
· For a given slot, the OFDM symbols used for PSFCH shall be same.
· The PSFCH resource configuration is a resource pool specific configuration. 
Proposal 6: The K value shall be fixed at least in resource pool specific manner, and the granularity of K value shall be slot-level. 
Proposal 7:  The PSFCH resource could be determined by following equations:
· PSFCH_fre_res_index = Func( slot # of PSSCH, start sub-channel # of PSSCH)
· Initial_ID of base sequence = Zone_ID
Proposal 8: From a UE perspective, only one PSFCH shall be transmitted at a given slot. The PSFCH feedback associated with higher priority PSSCH shall prioritize others.
Proposal 9: CSI-only transmission by PSSCH shall not be supported in Rel-16 NR sidelink.
Proposal 10: SCI shall indicate the presence of CSI-RS in the related PSSCH resource, and this indicator can also be used to trigger CSI reporting.
Proposal 11: The SCI shall indicate the presence of CSI reporting in the PSSCH resource. 
Proposal 12: Confirm the work assumption, P0 and alpha values are separately (pre-)configured for DL pathloss and SL pathloss.
Proposal 13: SL-RSRP based power control for sidelink groupcast communication is not supported in Rel-16.
Proposal 14: Rel-14/Rel-15 LTE V2X design principle could be reused to handling simultaneous transmission of sidelink issue in Rel-16 NR V2X, e.g. introducing  a configuration of “thresSL-TxPrioritization”.
Proposal 15: The maximum SL transmission power configuration will depend on traffic QoS/Priority, system CBR, and etc., which could be discussed in congestion control mechanism.
Proposal 16: Both DMRS and CSI-RS (if enable) can be used for SL-RSRP measurement.
References
[1]. RP-190766, “New WID on 5G V2X with NR sidelink”, RAN #83 meeting
[2]. Chairman's Notes RAN1#97
[3]. Chairman's Notes RAN1 AdHoc 1901
[4]. R1-1908581, “Discussion on resource allocation mechanism for sidelink Mode 2 in NR V2X”, CATT
[5]. Chairman's Notes RAN1#96bis
[6]. R2-1908303, “LS Response on Sidelink HARQ Feedback for Groupcast”, RAN2
image1.emf
PSSCH

P

S

F

C

H

P

S

F

C

H

PSSCH

P

S

F

C

H

P

S

F

C

H

PSSCH

P

S

F

C

H

P

S

F

C

H

PSCCH

PSCCH

PSCCH

S

u

b

-

c

h

a

n

n

e

l

S

L

 

B

W

P

Half-duplex region


oleObject1.bin
�

PSSCH


PSFCH


PSFCH


PSSCH


PSFCH


PSFCH


PSSCH


PSFCH


PSFCH


PSCCH


PSCCH


PSCCH


Sub-channel


SL BWP


Half-duplex region



image2.emf
N slot(N=4) N slot(N=4)

PSCCH/PSSCH processing time k=2

PSCCH/PSSCH 

resource

PSFCH resource

PSFCH set 1

PSFCH set 2

PSFCH set 3

PSFCH set 4

PSFCH 1

PSFCH M

…

…

1

st

Slot

2

nd

Slot3

rd

Slot 4

th

Slot


oleObject2.bin
�

N slot(N=4)


N slot(N=4)


PSCCH/PSSCH processing time k=2


PSCCH/PSSCH resource


PSFCH resource


PSFCH set 1


PSFCH set 2


PSFCH set 3


PSFCH set 4


PSFCH 1


PSFCH M


……


1st Slot


2nd Slot


3rd Slot


4th Slot



image3.emf
PSCCH/

PSSCH

PSCCH/

PSSCH

A/N

A/N

UE1

UE2

UE3?

Time


oleObject3.bin
�

PSCCH/
PSSCH


PSCCH/
PSSCH


A/N


A/N


UE1


UE2


UE3?


Time



image4.emf
QoS/Priority CBR range

Transmission parameters: 

a) Maximum transmit power

b) Range on number of 

retransmissions per TB 

c) Range of PSSCH subchannel 

number 

d) Range of MCS

e) CR_limit


oleObject4.bin
QoS/Priority


CBR range 


Transmission parameters: 
a) Maximum transmit power
b) Range on number of retransmissions per TB 
c) Range of PSSCH subchannel number 
d) Range of MCS
e) CR_limit



