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1 [bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
The WID for V2X includes objectives to design the NR sidelink [1]:
1. NR sidelink: Specify NR sidelink solutions necessary to support sidelink unicast, sidelink groupcast, and sidelink broadcast for V2X services, considering in-network coverage, out-of-network coverage, and partial network coverage.
· Support of sidelink signals, channels, bandwidth part, and resource pools [RAN1, RAN2]
… …
· Sidelink physical layer procedures as per the study outcome
· HARQ procedures [RAN1, RAN2]
… …
At RAN1#96bis, the following agreements were made [2]:
Agreement:
· Polar code adopted for Rel-15 NR DCI is applied to PSCCH.
· LDPC codes used for Rel-15 NR DL-SCH is applied to a transport block delivered by PSSCH.
Agreement:
· The starting symbol and the number of symbols for a PSCCH are assumed to be known to the receiving UE before decoding the PSCCH.
In this contribution, we will discuss the contents and designs of physical sidelink control channel (PSCCH) and physical sidelink feedback channel (PSFCH). 
2 Physical sidelink control channel (PSCCH)
At RAN1 Ad-Hoc 1901 and RAN1#96bis, the following agreements related to SCI were made [2],[3]:
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)
Agreements:
· QPSK is used for PSCCH.
The sidelink control information (SCI) can be carried in PSCCH or indicated by the DMRS of TFRPs.  In this section, we will discuss the delivery schemes of SCI, and the detailed design of PSCCH.
2.1 PSCCH resource set
In order to reduce the number of blind decodes for PSCCH at the receiver UE, the number of symbols for PSCCH can be (pre-)configured on a resource pool basis, and therefore the number of resource blocks for PSCCH is determined based on the different size of SCI formats with the target code rate. 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. 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.
Proposal 1: PSCCH starts:
· Immediately after AGC symbol in time domain
· From the lowest RB index of a sub-channel in the frequency domain.
In Rel-15, NR PDCCH supports up to three-symbol length, and this can be reused for PSCCH with slight modification. For PSCCH time durations, we consider three configurations: 3 symbols, 2 symbols and all available symbols of a slot, which are depicted in Figure 1. If a sub-channel size is large enough, it is more beneficial to have shorter PSCCH duration to allow faster decoding of PSCCH, e.g. a two-symbol length PSCCH. 3-symbol length PSCCH is suitable for a smaller sub-channel size.  Furthermore, unlike PDCCH, the duration of PSCCH can be configured to all available symbols of a slot for larger PSCCH coverage, so that NR-V2X can provide at least same coverage as LTE-V2X. 
[image: ]
[bookmark: _Ref7611582]Figure 1 Configurations of three different PSCCH durations (3, 2, and all available symbols of a slot)
Proposal 2: The duration of PSCCH in option 3 multiplexing structure is (pre-)configured on a per-resource-pool basis.
Proposal 3: The PSCCH duration can be set to all available OFDM symbols, three OFDM symbols and two OFDM symbols for sidelink.
2.2 PSCCH formats
2.2.1 Single-stage SCI
In NR V2X, one major change compared to LTE V2X is to support unicast, groupcast, and broadcast transmissions and their possible simultaneous usage, which lead to the SCI contents in NR V2X are quite different with LTE V2X. Besides the agreed destination ID, HARQ-related information such as HARQ process ID, NDI, and RV needs to be presented in order to enable HARQ operation. Moreover, additional transmission parameters for MIMO, and other advanced services may also be needed. These information can be carried in PSCCH or indicated by the DMRS of TFRPs.  
· Option 1: carried in PSCCH. Due to the simultaneous support of unicast, groupcast and broadcast, 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, in case of unicast/groupcast, HARQ-related information should be included in the SCI contents, which will need additional several tens of bits on top of that for the broadcast. Consequently, in this option, at least two SCI formats are necessary, and one SCI format for unicast/groupcast, and another SCI format for broadcast, since (pre-)configuration is not practical under a sensing operation where other UEs need to decode SCI. Figure 2 gives an example of these two SCI formats configurations. 
[image: ]
[bookmark: _Ref7614460]Figure 2 Example of two SCI formats configuration (3 OFDM symbols in left part and 2 in right part)
· Option 2: Indicated by the DMRS of TFRPs. In this case, no PSCCH is needed since UEs rely on detection of PSSCH DMRS for sensing purposes, and the information needed for decoding the PSSCH can be indicated by DMRS sequence. The detailed advantages for not transmitting SCI in PSCCH but exploiting DMRS can be found in our companion paper [4].
· [bookmark: _GoBack]Option 3: When the single-stage SCI is a combination of DMRS sequence detection with remaining PSSCH parameters (pre-)configured, the reliability can become very high, as shown in [4]. In this case, at least the SCI formats can be indicated by DMRS, which can reduce the UE blind decoding effort.
Proposal 4: If single-stage SCI is supported, it is via detection on DMRS of TFRPs to indicate the configuration of PSSCH for broadcast and unicast/groupcast. 
2.2.2 2-stage SCI
Aggregation level is the number of control channel elements (CCE) used for a PDCCH. It realizes link adaptation for PDCCH based on channel conditions. In NR V2X, due to the support of groupcast and broadcast, the selection of aggregation level (AL) depends on the worst sidelink between the source and destination UE. AL is particularly beneficial in terms of resource efficiency for PSCCH, for unicast/groupcast transmission based on the condition that the source UE can acquire the proper channel estimation of the sidelink. A receiving UE needs to blind decode PSCCH within a search space per AL, similar to PDCCH.
In case of mode 2 sensing operation, AL has negative impact on the sensing performance. A source UE may select a low AL for PSCCH based on unicast link with the destination UE, whilst link quality between the source UE and other UEs performing sensing and resource selection is worse than that between paired UEs for unicast. As shown in Figure 1, this results in higher probability of PSCCH decoding failure at the sensing UE, due to different AL selection, which increases the probability of resource collision.
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[bookmark: _Ref4073889][bookmark: _Ref4073884]Figure 3. A sensing UE fails to decode a lower AL of PSCCH transmitted by a source UE, and selects the resources which collides with unicast transmission from the source UE to the destination UE, due to the channel conditions of SL B is worse than SL A
Observation 1: PSCCH based on aggregation levels has negative impacts on mode 2 sensing operations.
Thus we look for what solutions can be used if it is desired to provide control resource flexibility without impacting mode 2 sensing.
1) 2-stage SCI: A 2-stage SCI structure has the 1st stage SCI that is as small as possible, is of a fixed size with fixed AL and format, in order to: a) address the issue of sensing operation in mode 2 described above; and b) reduce the blind decoding complexity. It provides information which can be used by all UEs. The 2nd stage SCI contains information dedicated to the UE(s) it targets (e.g., in case of unicast or groupcast, specific recipient UEs), and can be with flexible format, AL, and location. 
2) Use of DMRS detection with TFRPs: In this case, there is no need for PSCCH since UEs rely on detection of PSSCH DMRS for sensing purposes, and (pre-)configuration and/or DMRS sequence information for decoding the PSSCH. Since PSSCH is based on TFRP, there are no sensing issues on PSCCH decoding failure due to ALs of different transmission links between UEs. In addition, there is no SCI overhead introduction. As shown in [4], encoding information in DMRS can provide higher reliability compared to carrying the same information in SCI, in particular when the payload is small (e.g., several bits). 
3) Combine DMRS detection with TFRP and 2-stage SCI: In this case, the DMRS of a PSSCH TFRP and its (pre-)configurations convey less information, being primarily the AL of a ‘2nd stage’ SCI which  contains the remaining information necessary to decode PSSCH, such as MCS, RV, etc. This provides a design tradeoff where it can be decided how much information to put in the ‘2nd stage’ SCI, compared to conveying it by DMRS sequences coupled with configuration signaling overhead.
The alternative to the above solution is to have no aggregation levels for PSSCH. Then, we would use DMRS of TFRPs, with or without a single-stage SCI. This system design presents a different set of tradeoffs. There is not resource flexibility for PSCCH in a single-stage SCI, but sensing is robust and UE blind decoding effort and mis-decoding is avoided. 
Proposal 5: If multiple aggregation levels for PSCCH are supported, they apply to a ‘2 stage’ SCI procedure where, as the ‘1st stage’, the DMRS sequence in the TFRP of the associated PSSCH, indicates at least the aggregation level of the ‘2nd stage’ SCI, which in turn provides remaining information needed to decode the PSSCH.
3 Physical sidelink feedback channel (PSFCH)
3.1 PSFCH formats
In RAN1#96bis, the following was agreed [2]:
Agreements:
· At least for transmission perspective of a UE in a carrier, at least TDM between PSCCH/PSSCH and PSFCH is allowed for a PSFCH format for sidelink in a slot.
· FFS the details of the corresponding PSFCH format
· FFS whether it is also applicable from system/resource pool perspective or not
· i.e., in this case, there is no simultaneous transmission of PSCCH and PSFCH and there is no simultaneous transmission of PSSCH and PSFCH.
· FFS FDM between PSCCH/PSSCH and a PSFCH format which uses last symbol(s) available for sidelink in a slot 
· FFS TDM/FDM between PSCCH/PSSCH and other PSFCH format(s), if supported, which is/are different from the PSFCH format which uses last symbol(s) available for sidelink in a slot
Agreements:
· It is supported, in a resource pool, that within the slots associated with the resource pool, PSFCH resources can be (pre)configured periodically with a period of N slot(s)
· N is configurable, with the following values
· 1
· At least one more value >1
· FFS details
· The configuration should also include the possibility of no resource for PSFCH. In this case, HARQ feedback for all transmissions in the resource pool is disabled
· HARQ feedback for transmissions in a resource pool can only be sent on PSFCH in the same resource pool
3.1.1 Short PSFCH format
The PSFCH can be mapped to the last OFDM symbol(s) located at the end of a slot, and is TDMed with its corresponding PSCCH/PSSCH. This PSFCH can be referred to as a “short PSFCH format” , mirroring the NR Uu terminology for PUCCH format 0.
Assuming that PSSCH resource allocation is based on sub-channels consisting of a number resource blocks, a PSSCH transmission may occupy more than one sub-channel depending on payload size. A PSFCH conveying only ACK/NACK consumes very little resources. Hence the resources allocated for PSCCH/PSSCH and associated PSFCH can vary significantly. We have three alternatives for PSFCH/PSSCH multiplexing, which are given in Figure 4.
· Alt 1: PSFCH uses exactly the same frequency resources as the associated PSSCH
· Alt 2: PSFCH uses parts of the frequency resources of the associated PSSCH
· Alt 3: PSFCH can uses frequency resources allocated to un-associated PSSCH
 [image: ]
[bookmark: _Ref4855144][bookmark: _Ref4852957]Figure 4. Short PSFCH format (N = 1)
For alt 1, since the ACK/NACK bit can be based on sequence transmission (generation of the low-PAPR sequence for ACK/NACK can reuse NR Rel-15), it is simple and easy for sequence-based ACK/NACK to reuse sub-channel(s) of associated PSSCH.
For alt 2, PSFCH may not necessarily reuse all of the frequency resources of the associated PSSCH, particularly when the sub-channel size and/or the number of sub-channels is large. However, the question is how to re-allocate the unused resources. For example, it can be used for PSCCH/PSSCH transmission, but this implies all the effort of introducing sidelink mini-slots. In addition, re-allocation of unused resources for PSCCH/PSSH transmission leads to blind decodes complexity on top of option 3 PSCCH/PSSCH multiplexing structure and hence sensing complexity in mode 2. 
For alt 3, PSFCHs transmitted by different UEs can be allocated together into a small number of sub-channels. This requires additional PSFCH dynamic scheduling information, e.g. carried in SCI after obtaining them via an additional sensing procedure, to indicate where the destination UEs can respond the ACK/NACK. In this case, some sub-channels can be used for transmitting PSSCH consuming all OFDM symbols for sidelink. Due to half-duplex constraints, it is up to destination UEs to decide whether to receive PSSCH in all OFDM symbols or transmit PSFCH in the last few OFDM symbols of a slot.
Given the above analysis, we propose alt 1 to be supported due to simplicity and least standard effort.
Proposal 6: The short PSFCH format is transmitted within the sub-channel(s) allocated to its associated PSSCH.
3.1.2 Long PSFCH format
Considering the coverage and resource efficiency, the PSFCH can be mapped to all available OFDM symbols for sidelink of a slot, and is FDMed between UEs as shown in Figure 5. It might appear at a cursory glance that using a short format PSFCH would always means fewer REs than a long format PSFCH in NR Uu. This is not true in NR V2X, because PSCCH/PSSCH resource allocation is, it can be assumed, based on sub-channels. In this case, since PSFCH is FDMed with other channels, PSFCH is not necessarily constrained by the associated PSSCH sub-channel(s), e.g. one PRB for long PSFCH format regardless of sub-channel size and number of sub-channels allocated to the associated PSSCH.
Table 2 summarizes the resources required in total for short and long PSFCH formats, from the system perspective. 
[bookmark: _Ref7615652]Table 2 Short PSFCH versus Long PSCFH format (normal CP length)
	PSFCH format
	Short PSFCH format
	Long PSFCH format

	SFCI content
	ACK/NACK
	ACK/NACK

	SFCI bits
	1~2
	1~2

	symbol duration of SFCI
	1
	All available symbols, up to 12 symbols (excl. AGC and GAP)

	number of RBs for SFCI
	sub-CH size *
number of sub-CHs
	1

	REs used for SFCI
	sub-CH size *
number of sub-CHs* 1 * 12
	1 * 12 * 12 = 124

	REs used for overhead
	sub-CH size *
number of sub-CHs* 2 (AGC + Tx/Rx Switching symbols) * 12
	1 * 1 (AGC) * 12 = 12

	Total REs (SFCI + overhead)
	sub-CH size *
number of sub-CHs* 3 (SFCI + AGC + Tx/Rx Switching symbols) * 12
	136



In LTE-V2X, the minimum sub-channel size is 5 PRBs in the case of adjacent PSCCH/PSSCH structure. If the same is assumed in NR V2X, the minimum time-frequency resource for transmitting short PSFCH in one sub-channel would be 1 symbol * 5 * 12 = 60 REs, in addition to 2 symbols (Tx/Rx switching and AGC for PSFCH) * 5 * 12 = 120 REs overhead, i.e. total of 180 REs due to short PSFCH format is larger than that of long PSFCH format (total of 136 REs regardless of sub-channels size), as shown in Figure 5.
[image: ]
[bookmark: _Ref4855190]Figure 5. Long PSFCH format
Consequently, long PSFCH format provides better resource efficiency for transmitting PSFCH conveying ACK/NACK. 
Proposal 7: Support a long PSFCH format, which uses all available OFDM symbols for sidelink in a slot.
3.2 Timing between PSSCH and associated PSFCH
The time relationship between PSSCH and associated PSFCH can be considered according to the PSFCH format, i.e. short PSFCH format or long PSFCH format. The short PSFCH format is motivated by services which require extra low latency. In this case, PSFCH could be self-contained within the slot containing associated PSSCH, i.e. the transmitted data and its ACK/NACK occur in the same slot if the UE processing capability is strong enough. The timing between PSFCH and corresponding PSSCH can be configured/pre-configured. As shown in Figure 6, the short PSFCH can be fed back in slot n+x in a resource pool. It should be noted, the x can be 0, i. e. n+0 processing for PSFCH is also supported. 
 [image: ]
[bookmark: _Ref536868979]Figure 6. Timing between short PSFCH and associated PSFCH 
For long PSFCH format, which is FDMed with corresponding PSSCH in another slot, the timing relationship between long PSFCH format and corresponding PSSCH can be configured/pre-configured, as in Figure 7, on a per resource pool basis, to avoid collisions between UEs within that resource pool. The long PSFCH will always be fed back in the following few slots after the associated PSCCH/PSSCH. 
[image: ]
[bookmark: _Ref536828281]Figure 7. PSFCH is TDMed with corresponding PSSCH
When PSSCH with repetition transmission is configured, the time gap between PSFCH and the associated PSSCH repetition can also be (pre-) configured for both the short and long PSFCH formats. 

In frequency domain, for long-format PSFCH, the occupied frequency resource can be derived from the subchannel index and the number of subchannels occupied by its PSSCH.  The long-format PSFCH is transmitted on resource block(s) with offset to the starting PRB for PSFCH feedback the same as the offset to the starting subchannel for PSSCH and with the number of PRBs the same as the number of subchannels for PSSCH. When a PSSCH occupies two subchannels, the corresponding PSFCH can also occupy two RBs [5].

Proposal 8: Time gap between PSFCH and the associated PSSCH is (pre-)configured on a resource pool basis.
3.3 HARQ design
3.3.1 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 8). 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. 
[image: ]
[bookmark: _Ref533778301]Figure 8. 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 9. 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 9: FDM is supported for multiplexing of unicast A/N. 
3.3.2 Groupcast feedback design
Different groupcast transmissions are each associated with a set of resources for A/N feedback, as shown in Figure 10 (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 [6].
[image: ]
[bookmark: _Ref533778325][bookmark: _Ref528683481]Figure 10. 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 11.  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. 
[image: ]
[bookmark: _Ref533778339][bookmark: _Ref528678899]Figure 11. 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 limits the number of available codes per RB and has 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 12. 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. 
[image: ]
[bookmark: _Ref533778356]Figure 12. TDM of group A/N
In summary, there are several feasible ways to make groupcast HARQ feedback work. Comparisons are made in the following Table 3. 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 3 Comparison of group A/N multiplexing schemes
	
	FDM
	CDM
	FDM+CDM
	TDM

	Resource efficiency
	Medium
	High
	High
	Medium

	Interference
	Low
	High
	Medium
	Low

	Reliability
	High
	Medium
	High
	High

	AGC problem
	No
	No
	No
	Yes

	DTX problem
	No
	No
	No
	No

	Identify which UE(s) failed decoding
	Yes
	Yes
	Yes
	Yes



Proposal 10: FDM+CDM is supported for multiplexing A/N of group members in groupcast.
4 Conclusions
This contribution has provided our view on sidelink control information, sidelink feedback control information and the design of PSCCH and PSFCH:
Proposal 1: PSCCH starts:
· Immediately after AGC symbol in time domain
· From the lowest RB index of a sub-channel in the frequency domain.
Proposal 2: The duration of PSCCH in option 3 multiplexing structure is (pre-)configured on a per-resource-pool basis.
Proposal 3: The PSCCH duration can be set to all available OFDM symbols, three OFDM symbols and two OFDM symbols for sidelink.
Proposal 4: If single-stage SCI is supported, it is via detection on DMRS of TFRPs to indicate the configuration of PSSCH for broadcast and unicast/groupcast.
[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]Proposal 5: If multiple aggregation levels for PSCCH are supported, they apply to a ‘2 stage’ SCI procedure where, as the ‘1st stage’, the DMRS sequence in the TFRP of the associated PSSCH, indicates at least the aggregation level of the ‘2nd stage’ SCI, which in turn provides remaining information needed to decode the PSSCH.
Proposal 6: The short PSFCH format is transmitted within the sub-channel(s) allocated to its associated PSSCH.
Proposal 7: Support a long PSFCH format, which uses all available OFDM symbols for sidelink in a slot.
Proposal 8: Time gap between PSFCH and the associated PSSCH is (pre-)configured on a resource pool basis.
Proposal 9: FDM is supported for multiplexing of unicast A/N.
Proposal 10: FDM+CDM is supported for multiplexing A/N of group members in groupcast.

Observation 1: PSCCH based on aggregation levels has negative impacts on mode 2 sensing operations.
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