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A new WID on 5G V2X with NR sidelink [1] was approved, including an objective:
· In sidelink, CSI is delivered using PSSCH (including PSSCH containing CSI only) using the resource allocation procedure for data transmission.
It was agreed in RAN1 [2] [3] [4] that
Agreements
· At least for sidelink HARQ feedback, NR sidelink supports at least a PSFCH format which uses last symbol(s) available for sidelink in a slot.

· Sidelink feedback control information (SFCI) is defined.
· SFCI includes at least one SFCI format which includes HARQ-ACK for the corresponding PSSCH.
· FFS whether a solution will use only one of “ACK,” “NACK,” “DTX,” or use a combination of them.
· FFS how to include other feedback information (if supported) in SFCI.FFS how to convey SFCI on sidelink in PSCCH, and/or PSSCH, and/or a new physical sidelink channel.

· 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

In this contribution, we provide further details on PSFCH formats for V2X
PSFCH formats
Short PSFCH format
In time domain, a PSFCH can be mapped to last OFDM symbol(s) of a slot, and is TDMed with its corresponding PSCCH/PSSCH. In this case, it can be referred to as a “short PSFCH format,” mirroring the NR Uu terminology for PUCCH format 0.
In frequency domain, PSSCH resource allocation is based on sub-channels consisting of a number resource blocks, and a PSSCH transmission may occupy more than one sub-channel depending on payload size. A PSFCH conveying only ACK/NACK consumes very little resource. Hence the resources allocated for PSCCH/PSSCH and associated PSFCH can vary significantly. In Figure 1, we have three options for PSFCH/PSSCH multiplexing: 
· Opt. 1: PSFCH uses exactly the same frequency resources as the associated PSSCH
· Opt. 2: PSFCH uses parts of the frequency resources of the associated PSSCH
· Opt. 3: PSFCH can uses frequency resources allocated to un-associated PSSCH
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[bookmark: _Ref4771454][bookmark: _Ref4511885]Figure 1. Short PSFCH format
Opt.1 is simple and easy for sequence-based ACK/NACK to reuse sub-channel(s) of associated PSSCH. 
For Opt. 2, one of the issues is that the PSFCH may not necessarily need to use all the frequency resource of its associated PSSCH. In addition, as shown in Figure 1, there may be some efforts to re-allocate the unused resources, for example, 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. 
With Opt. 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. Thus, this solutions increases the control overhead. 
Consequently, we propose to adopt Opt. 1. 
Proposal 1: The short PSFCH is transmitted on sub-channel(s) allocated to its associated PSSCH.
Long PSFCH formats
For cases where fast feedback is not needed, the PSFCH can be mapped to all available OFDM symbols for sidelink of a slot. This can be viewed as a “long PSFCH format”, mirroring the NR Uu terminology for PUCCH format 1
In frequency domain, unlike short PSFCH, the frequency resource of long PSFCH format can be small enough to convey ACK/NACK only, i.e. the PSFCH is not necessary 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 1 summarizes the characteristics of the long and short PSFCH formats.
[bookmark: _Ref5117314]Table 1 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 or 2
	1 or 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


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 based on sub-channels. 
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 the short PSFCH (Alt. 1) in one PRB would be 1 symbol * 5 RB * 12 = 60 REs, in addition to 2 symbols (Tx/Rx switching and AGC for PSFCH) * 5 RB * 12 = 120 REs overhead, i.e. total of 180 REs. This is larger than long PSFCH format (total of 136 REs, as shown in Table 3 regardless of sub-channels size, i.e. long PSFCH can be based on PRB-allocation within a sub-channel, as shown in Figure 2)
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[bookmark: _Ref4771496][bookmark: _Ref4765610]Figure 2. Long PSFCH format
Consequently, long PSFCH format provides higher resource utilization efficiency for transmitting PSFCH conveying ACK/NACK
Observation 1: From system perspective, utilizing a long PSFCH format provides higher resource unitization efficiency over a short PSFCH format in NR sidelink.
In addition to resource utilization efficiency, long PSFCH is beneficial for larger coverage scenario.
Proposal 2: Support a long PSFCH format that uses all available OFDM symbols for sidelink in a slot.
2.2.1 Long PSFCH and associated PSSCH
In order to reduce PSFCH resource allocation overhead and complexity, resource mapping between PSFCH and associated PSFCH should be known to source UEs, destination UEs, as well as other UEs operating in mode 2 for sensing purposes. 
The resource mapping rule should be on a resource pool basis, via a cell-specific signaling, or pre-configured. 
In time domain, a timing gap between PSFCH and associated PSSCH can be (pre-)configured, i.e. a long PSFCH will always be fed back in N (e.g. 1, 2, 3 or 4) slots after the associated PSSCH in a resource pool. In frequency domain, dedicated sub-channel(s) can be (pre-)configured within a resource pool, so that within dedicated sub-channels, PSFCH from different UEs are multiplexed simultaneously, in a minimum of RB level allocation. The frequency mapping between sub-channel-based PSSCH and PRB-based PSFCH can be determined by sub-channel index within a resource pool and RB-index within the dedicated sub-channel(s), e.g. lowest sub-channel (except dedicated sub-channel(s)) index is mapped to lowest RB index within dedicated sub-channels, and so on. Hence sub-channel-based PSSCH resource allocation always associates to dedicated PRB-based PSFCH resource allocation within the resource pool, which is known to all UEs unitizing that resource pool. Figure 3 shows an example of a resource pool configuration on PSFCH and associated PSSCH. 
[image: ]
[bookmark: _Ref5868294]Figure 3. Configuration of long PSFCH and associated PSSCH (Sub-CH* is dedicated sub-channel)
Proposal 3: The time and frequency relationships between a PSSCH and its associated long format PSFCH are (pre-)configured per resource pool.
Conclusions
This contribution has provided our view on PSFCH formats for NR V2X:

[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]Proposal 1: The short PSFCH is transmitted on sub-channel(s) allocated to its associated PSSCH..
Observation 1: From system prospective, utilizing a long PSFCH format provides higher resource unitization efficiency over a short PSFCH format in NR sidelink.
Proposal 2: Support a long PSFCH format that uses all available OFDM symbols for sidelink in a slot. 
Proposal 3: Both timing and frequency configuration between long PSFCH and associated PSSCH are configured on a resource pool basis, via cell-specific signaling.
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