[bookmark: _Ref129681832][bookmark: _GoBack]3GPP TSG RAN WG1 Ad-Hoc Meeting 1901	R1-1900858
Taipei, January 21-25, 2019

Agenda Item:	7.2.4.1.5
Source:	Huawei, HiSilicon
Title:	Design and contents of PSCCH and PSFCH
Document for:	Discussion and decision 

1 [bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
At RAN1#94bis, the following agreements were made [1]:
· Sidelink control information (SCI) is defined and transmitted in PSCCH.
· SCI includes at least one SCI format which includes the information necessary to decode the corresponding PSSCH.
· Sidelink feedback control information (SFCI) is defined.
· SFCI includes at least one SFCI format which includes HARQ-ACK for the corresponding PSSCH.
· Further study on
· The design and discussions of various SCI formats
· Whether a solution will use only one of “ACK”,”NACK”,”DTX”, or use a combination of them
· How to include other feedback information (if supported) in SFCI
· At RAN1#95, the following agreements were made [2]:
· Physical sidelink feedback channel (PSFCH) is defined and it is supported to convey SFCI for unicast and groupcast via PSFCH. 
· 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
· It is supported to enable and disable SL HARQ feedback in unicast and groupcast.
· FFS when HARQ feedback is enabled and disabled.
· 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
In this contribution, we will discuss different types of SCI formats, SCI mapping and the design and contents of PSFCH. 
2 Sidelink control information (SCI) 
2.1 SCI formats
In TS 36.212, SCI format 1 is specified for V2X scheduling information. The following information is included with SCI format 1: priority, resource reservation, frequency resource location of initial transmission and retransmission, time gap between initial transmission and retransmission, modulation and coding scheme, retransmission index, and transmission format. Since only physical layer broadcast is specified in LTE V2X, there are resources allocated for initial transmission and one retransmission included in SCI format 1. Here, the retransmission is based on blind retransmission or repetition without triggering feedback. In NR V2X, one major change compared to LTE V2X is to support unicast, groupcast, and broadcast transmissions and their possible simultaneous usage. The transmission modes and transmission schemes are very different, and a single SCI format does not meet the different requirements for NR V2X. For example, the feedback-based transmission should be considered in unicast and groupcast cases, and the corresponding feedback-related information should be included in SCI contents, which will need additional tens of bits to carry these information. The utilization of the same SCI format in broadcast use case may not only cause a substantial PSCCH resource wastage, but also increase the PSCCH error rate at the UE side. Therefore, we believe multiple SCI formats are needed. 
The multiple SCI formats may be classified into two groups: one for scheduling of PSSCH, and another for other purposes. For SCI scheduling PSSCH, based on whether feedback is applied, the fields in SCI may be different. The detailed descriptions of various SCI formats are given below: 
2.1.1 SCI format for transmission w/o feedback
As the SCI format 1 in LTE V2X is specified for broadcast transmission without feedback, the contents of this format can be reused or slightly modified for transmission without feedback in NR V2X. This includes sidelink broadcast, as well as unicast/groupcast when HARQ feedback has not been enabled.
2.1.2 SCI format for transmission with feedback
This format would be used in  cases of transmission with feedback. In addition to the time and frequency resource allocation, transmission parameters for MIMO, etc., at least the following contents are needed to decode the corresponding PSSCH.
HARQ process ID: 
Multiple HARQ processes need to be supported for parallel transmissions to provide high throughputs. In asynchronous retransmission, HARQ process ID is needed to identify different HARQ processes for retransmission combining as shown in Figure 1.
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[bookmark: _Ref533776907]Figure 1 Multiple HARQ process
HARQ feedback timing: 
The feedback timing resource needs to be known to the receivers as depicted in Figure 2. Synchronous feedback could be defined, so that the feedback timing is based on frame structure configuration. Another option is asynchronous feedback where the timing is indicated in SCI. In SL mode 2, asynchronous feedback can lead to collisions among UEs which have chosen  the same feedback resources even if they have chosen different initial transmission resources, whereas synchronous feedback will avoid collisions thanks to UEs selecting different initial transmission resources. In SL mode 1, feedback timing can be handled via semi-static configuration without needing SCI bits. Thus it does not seem necessary for SL HARQ feedback timing to be indicated in SCI.
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[bookmark: _Ref533778571]Figure 2  HARQ procedure
Source ID: 
The Physical layer source ID is needed for HARQ operation. It identifies which transmissions can be combined in HARQ reception in dynamically scheduled retransmissions, and can also be used to allow successful identification of HARQ feedback in a hidden node situation in mode-2 operation. More details can be found in [3].
Destination ID: 
The physical layer destination ID is needed to allow quick decoding attempts in the physical layer, followed by retransmission.
New data indicator: 
With the introduction of HARQ retransmission, an NDI field is needed to indicate whether the transmission is new data or a retransmission. It can operate on the same toggled/untoggled basis as Uu HARQ.
Redundancy version:  
It is natural to define redundancy versions to allow incremental combining in the receivers, and therefore SCI will need to indicate the RV assuming asynchronous HARQ operation is used.
If the same parameters for NR Uu HARQ is reused in NR SL, the HARQ process ID will need 4 bits to support a maximum of 16 parallel HARQ processes. Partial or full source and destination IDs are necessary, which will result in another 16 bits, if 8 bits are carried as in LTE D2D, or 32 bits in SCI.  Finally, 2 bits are needed to support 4 redundancy versions and 1 bit for NDI. Compared to transmission without feedback, there will be at least the above listed bits of difference of SCI contents in feedback case. 
It is noted that for NR SL mode-2(c) grant free transmission, most of the resource allocation and transmission mode related fields are pre-configured and do not need to be in SCI, which will greatly reduce the SCI size and increase the SCI reliability. 
2.1.3 SCI format for other purposes
Besides the SCI format for scheduling of PSSCH for transmission without and with feedback, we also consider that it is useful for a source UE to be able to trigger a CSI feedback from the receiver UE, relying on SL CSI-RS from the source UE, when there is no PSSCH from the source UE. Compared to SCI formats for scheduling of PSSCH, this format has a much smaller size. 
Based on the above discussions, we propose that：
Proposal 1: SCI formats for PSSCH transmission without feedback, PSSCH transmission with feedback, and for triggering CSI reports are needed in NR V2X.
2.2 Design of PSCCH
2.2.1 PSCCH format
Aggregation levels are used for PDCCH on Uu. However, in SL, due to the simultaneous support of unicast, groupcast and broadcast, the aggregation level is not necessary in PSCCH. At the unicast transmission case, it may provide reliability enhancement, but for groupcast and broadcast transmission, the AL depends on the worst sidelink between the source and destination UE and becomes useless. Additionally, the blind decoding complexity will significantly increase with AL. Based on these considerations, the AL is not supported in PSCCH in NR V2X.
As for the modulation format, similarly to LTE-V2X, a fixed modulation format is preferred. Considering the reliability requirement, the modulation format can be QPSK. 
2.2.2 RE Mapping
Here, we consider the mapping of SCI to resource elements. In our companion paper [5], sub-channel defined in LTE-V2X is suggested to be reused for NR V2X in order to reduce the number of blind decoding for PSCCH at the receiver UE. A sub-channel is a number of contiguous resource blocks. 
The number of symbols for PSCCH can be configured, and therefore the number of resource blocks for PSCCH is determined based on the SCI size and target code rate. 
In frequency domain, PSCCH should be located at the edge of the sub-channel, and started from the lowest RB index of the sub-channel. In time domain, the 1st OFDM symbol for sidelink is used for AGC setting and processing, and thus the starting symbol of PSCCH should follow the AGC symbol to enable fast processing, i.e. PSCCH starts from the 2nd OFDM symbols for sidelink. As above mentioned, the duration of PSCCH can be configured and set to different OFDM symbols. A mapping table between the duration and sub-channel RB numbers should be defined.
It is possible that more than one sub-channel may be occupied for PSCCH as shown in Figure 3.
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[bookmark: _Ref533778235]Figure 3 SCI mapping example
Proposal 2: Resource for PSCCH is defined by a (pre-)configured number of OFDM symbols, and a location starting from the edge of a sub-channel in the frequency domain.
2.2.3 Standalone PSCCH
There is another case, for PSCCH without its associated PSSCH, i.e. a standalone PSCCH conveys SCI format for other purpose rather than scheduling of its associated PSSCH, different resource mapping of PSCCH for other purpose and for scheduling of it associated PSSCH can be supported. In this way, a UE does not need to blind decode addition SCI formats, since different SCI formats are mapping in different resources, e.g. a standalone PSCCH is allocated to a dedicated sub-channel within a sidelink resource pool. The companion paper [5] further discusses standalone PSCCH structure.
3 Sidelink feedback control information (SFCI) 
3.1 Physical sidelink feedback channel (PSFCH)
In LTE-V2X, PSCCH and PSSCH are defined only for carrying SA and data respectively, where one SA is associated with one data, and there is no feedback on any sidelink channels. For NR V2X, due to the coexistence of unicast, groupcast and broadcast, sidelink feedback control information is needed. Moreover, a dedicated channel PSFCH is agreed to be defined to carry the feedback information. 
In time domain, depending on the number of bits conveyed in feedback information, the physical sidelink feedback channel can be mapped to different number of symbols in a slot. The NR PUCCH design may be reused to some extent. As depicted in Figure 4, with a self-contained SL slot, the PSFCH can be mapped to last few symbols (e.g. 1 or 2). In a Tx/Rx-only SL slot, the feedback channel can be mapped on all of the 13 symbols (assuming one symbol for AGC). 
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[bookmark: _Ref533778291]Figure 4 SL slot format examples
Proposal 3:  PSFCH can be mapped to
· The last few of OFDM symbols for sidelink in a slot, in TDM with PSSCH.
· All OFDM symbols for sidelink in a slot, in FDM with PSCCH/PSSCH.
3.1.1 Unicast HARQ feedback design
For unicast feedback, we consider two options for how to multiplex the A/N of each unicast transmission. 
· Option 1: FDM of A/N for unicast transmissions. Different unicast transmissions are associated to different resources for feedback in the frequency domain and are all the same in the time domain (see Figure 5). If sub-channels are defined for data transmission as in LTE V2X, up to resource blocks will be reserved for feedback each corresponding to the staring position of data transmission. Data packets can occupy more than one sub-channel, thus there may be some feedback resources unused. 
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[bookmark: _Ref533778301]Figure 5 FDM of A/N for unicast
· Option 2: CDM of A/N for unicast transmissions. Different unicast transmissions are associated to a different code with which the A/N is scrambled in the pre-determined time and frequency resources. In this case, if m A/Ns are designed to be multiplexed on the same time and frequency resources, compared to FDMed scheme, only  resource blocks are needed. 
[image: ]
Figure 6 CDM of A/N for unicast
However, CDM may have some negative effects on SL receptions due to the increased power level at the feedback resources. In a case where data and A/N transmissions are FDMed, the multiplexed A/N feedback may affect the data reception at the UE due to the increased IBE level from A/N feedback channels. However, this can be controlled by the network in mode 1 and mode 2 in coverage, and can be limited by appropriate pre-configuration out of coverage.
Proposal 4: FDM is supported for multiplexing of unicast A/N. 
3.1.2 Groupcast feedback design
Different groupcast transmissions are each associated with a set of resources for A/N feedback, as shown in Figure 7 (FDM as an example). Since there is more than one receiver and feedback UE in groupcast, we consider three options for how to multiplex the A/Ns of the group members within the group’s A/N resources for a particular groupcast transmission.
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[bookmark: _Ref533778325][bookmark: _Ref528683481]Figure 7 FDM of A/N resources for different groupcast transmissions
· Option 1: FDM of group A/N. Each UE sending feedback to the groupcast transmitter uses different frequency resources within the resources for A/N of the transmission. This is shown in Figure 8.  The total resources for group A/N feedback in frequency domain and the number of frequency resources allocated to each A/N feedback set the group size. 
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[bookmark: _Ref533778339][bookmark: _Ref528678899]Figure 8 FDM of group A/N
· Option 2: CDM of group A/N. Each UE sending feedback to the groupcast transmitter uses the same frequency and time resources, i.e. those for A/N of the transmission, but applies CDM to its transmission. This has the destructive channel sum effect effect.  Besides, the limited number of available codes per RB have a constraint on the group size.
· Option 3: FDM+CDM of group A/N. This approach can make use of the advantages of both FDM and CDM and alleviate the limitations of each option.  It can be supported in a way similar to Rel. 15 PUCCH.
· Option 4: TDM of group A/N. Each UE sending feedback to the groupcast transmitter uses different symbols (or slots) within the resources for A/N of the transmission, and the same frequency resources. This is shown in Figure 9. This option also has a tradeoff between the feedback resource utilization and group size as in option 1. In addition, AGC differences between the different feedback UEs need to be considered. 
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[bookmark: _Ref533778356]Figure 9 TDM of group A/N
· Option 5: NACK only feedback. Each UE sending feedback to the groupcast transmitter uses the same resources within the resources for A/N of the transmission as shown in Figure 10. A receiver UE only sends back NACK when it fails to decode the transmission and remains mute when the decoding is a success. There is one shortcoming for this option. If the receiver UE does not receive the transmission because of the failed decoding of PSCCH, the receiver UE will not feedback a NACK. The transmitter may assume a successful reception which is not true. This option will also have a larger power level on the resources for feedback which may deteriorate SL reception as discussed in the previous subsection. In addition, unlike other options, the transmitter cannot identify the failed decoded UE, which makes it difficult to use unicast to help the retransmission for a specific UE.
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[bookmark: _Ref533778519]Figure 10 NACK only for group A/N
In summary, there are several feasible ways to make groupcast HARQ feedback work. Comparisons are made in the following Table 1. Individually, it is seen that FDM and CDM allow the best management of resource efficiency and interference, whilst avoiding AGC problems. However, each on its own has one degree of flexibility missing compared to the combined FDM+CDM solution. 
[bookmark: _Ref533778421][bookmark: _Ref533778413]Table 1 Comparison of group A/N multiplexing schemes
	
	FDM
	CDM
	FDM+CDM
	TDM
	NACK only

	Resource efficiency
	Medium
	High
	High
	Medium
	High

	Interference
	Low
	High
	Medium
	Low
	High

	Reliability
	High
	Medium
	High
	High
	Medium

	AGC problem
	No
	No
	No
	Yes
	No

	DTX problem
	No
	No
	No
	No
	Yes

	Identify which UE(s) failed decoding
	Yes
	Yes
	Yes
	Yes
	No



Proposal 5: FDM+CDM is supported for multiplexing A/N of group members in groupcast.
3.2 Contents of SFCI
Besides the HARQ feedback information, the PSFCH can also be used for other purposes, such as sending CSI. In NR V2X, CSI feedback can be used to support advanced technologies such as AMC, closed-loop MIMO, beam management and power control. The quantities to be reported in CSI feedback depends on various applications. For example, CQI is needed for performing AMC, and PMI/RI are needed for performing closed-loop MIMO. For beam management, RSRP and CRI/SRI are required to be reported. Additionally, explicit reporting of channel parameters such as Doppler and delay spread can overcome the Doppler-effect caused by the mobility, especially the dual mobility. The detailed contents of the SL-CSI, are described in our companion contribution [4]. 
Proposal 6: PSFCH supports transmission of SFCI formats which contain CSI and/or HARQ feedback.
4 Conclusions
This contribution has provided our view on sidelink control information and sidelink feedback control information:
[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]Proposal 1: SCI formats for PSSCH transmission without feedback, PSSCH transmission with feedback, and for triggering CSI reports are needed in NR V2X.
Proposal 2: Resource for PSCCH is defined by a (pre-)configured number of OFDM symbols, and a location starting from the edge of a sub-channel in the frequency domain.
Proposal 3:  PSFCH can be mapped to
· The last few of OFDM symbols for sidelink in a slot, in TDM with PSSCH.
· All OFDM symbols for sidelink in a slot, in FDM with PSCCH/PSSCH.
Proposal 4: FDM is supported for multiplexing of unicast A/N. 
Proposal 5: FDM+CDM is supported for multiplexing A/N of group members in groupcast.
Proposal 6: PSFCH supports transmission of SFCI formats which contain CSI and/or HARQ feedback.
5 References
[1]. [bookmark: _Ref532975328][bookmark: _Ref533779137][bookmark: _Ref524445140][bookmark: _Ref521596413][bookmark: _Ref521601297][bookmark: _Ref518987443][bookmark: _Ref167612671]Chairman’s Note 3GPP TSG RAN WG1 #94b, Chengdu, China, October, 2018.
[2]. [bookmark: _Ref532975244][bookmark: _Ref533779145]Chairman’s Note 3GPP TSG RAN WG1 #95, Spokane, USA, November, 2018.
[3]. [bookmark: _Ref521601366][bookmark: _Ref524445103][bookmark: _Ref532975464][bookmark: _Ref533779382][bookmark: _Ref521596944]R1-1900023, “Sidelink physical layer procedures for NR V2X”, Huawei, HiSilicon, RAN1-AH-1901, Taipei, January, 2019.
[4]. [bookmark: _Ref533779348]R1-1900857, “Sidelink CSI”, Huawei, HiSilicon, RAN1-AH-1901, Taipei, January, 2019.
[5]. [bookmark: _Ref534828144][bookmark: _Ref533779371]R1-1900022, “Sidelink physical layer structure for NR V2X”, Huawei, HiSilicon, RAN1-AH-1901, Taipei, January, 2019.

image3.emf
SCI

PSSCH and other channels

PSSCH and other channels

PSSCH and other channels

k

1

 symbols

sub

-

ch

.

k

2

 symbols

SCI

sub

-

ch

.

UE1

sub

-

ch

.

UE2

sub

-

ch

.

UE3

SCI


image4.emf
PSFCH PSCCH/PSSCH PSFCH

slot slot

SL Tx/PSFCH only SL Tx and PSFCH self-contained


image5.emf
 

FB UE1  A/N

UE1 

PSSCH_to_HARQ_feedback_timing

f

UE2

Unicast 

FB UE2  A/N

UEk

Resource set for unicast feedback 

FB UEk A/N


image6.emf
 

A/N

UE1 

PSSCH_to_HARQ_feedback_timing

f

UE2

Unicast 

UEk

Resource set for unicast feedback 


image7.emf
 

Groupcast  1

PSSCH_to_HARQ_feedback_timing

f

Groupcast  2

A/N resources 

for groupcast 1

A/N resources 

for groupcast 2


image8.emf
 

f

t

groupcast

PSSCH_to_HARQ_feedback_timing

Resource set for groupcast feedback 

FB UE1  A/N

FB UE2  A/N

FB UE3  A/N


image9.emf
 

f

t

groupcast

PSSCH_to_HARQ_feedback_timing

FB 

UE1

A/N

Resource set for groupcast feedback 

FB 

UE2

A/N

FB 

UE3

A/N


image10.emf
 

f

t

groupcast

PSSCH_to_HARQ_feedback _timing

FB UEs  NACK


image1.emf
HARQ 1

HARQ N

……

t

f

HARQ N

HARQ 1

……


image2.emf
A/N

Data 

Feedback timing f

t


