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Introduction
In RAN1 #97[2], some progresses for the design of NR sidelink PSFCH was made as follows:
 (
Agreements
:
A
 
sequence-based 
PSFCH format 
with one symbol (not including AGC training period) 
is supported.
This is applicable for unicast and groupcast including options 1/2.
Sequence of 
PUCCH format 0
 is the starting point
.
FFS: 1 PRB or multiple PRBs is/are used for this PSFCH format
F
FS: feasible number of HARQ-ACK bits, mapping of HARQ-ACK bit 
FFS whether to support the following formats
X-symbol PSFCH format with a repetition of the one-symbol PSFCH format (not including AGC training period).
E.g. X=2
A PSFCH format based on PUCCH format 2
A PSFCH format 
spanning all available symbols for sidelink in a slot
)
To establish reasonable and efficient design criteria, considering procedures operating HARQ and corresponding PSFCH is required. Some agreements about procedures of HARQ and PSFCH for NR sidelink in RAN1 #96b[1] are as follows:
 (
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
)
[bookmark: _GoBack]The agreements are about the period of PSFCH, leaving the possibility of the support of the period with larger than the corresponding PSSCH. Other progresses about this issue was made in RAN1 #97[2] as follows:
 (
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.
)
As a result of RAN #97, periods longer than 1 slot are supported. This indicated a problem stated in the Conclusion that indicates demand of the method of sharing PSFCH resources. This contribution gives some views and considerations for the shared PSFCH resources, mainly focusing the appropriate design approach for the Tx signal of HARQ feedback.
PSFCH Collision Case
The previous conclusion indicates three cases of PSFCH resource collision. For each case, UE need to perform:
· Case 1: The UE need to perform Tx and Rx at the same time, with the same frequency region.
· Case 2: The UE need to multiplex Tx signals at the same time and frequency region.
· Case 3: The UE need to receive Rx signal excluding interfered signals from different sources.
To solve each case, we observed the simplest methods for Case 1 as follows.
Observation 1. For Case 1, A UE can implicitly struggle to avoid such case, and regard the receiving Rx as NACK for unavoidable situations.
For Case 2 and 3, some code-domain multiplexing for each PSFCH signal need to be applied using orthogonal, at least near-orthogonal sequences. The independent sequences can be arranged in time with perfect synchronization for Case 2, however, it is never be assured at Case 3.
Observation 2. Individual PSFCHs from different users are not time-aligned.
Simulation Results
To obtain enough Rx performance with reasonable complexity, it can be considered that reusing NR pseudo-random or low-PAPR sequences. Considering its functionality, it seems reasonable that designing PSFCH for HARQ feedback starts from adopting the structure of PUCCH format 0. TS38.211 Table 5.1.2.2-2 gives sequences based on QPSK for PUCCH format 0. Choosing one from 30 sequences in the table by u determined by the UE hopping parameters and cell ID, {0,6} (or {0,3,6,9}) cyclic shifts for them are used for each HARQ feedback {0,1} (or {00,01,10,11}). To make UEs to give different sequences the easiest way is giving different u or different cyclic shift to each corresponding PSCCHs. We assumed giving different u to make consistency of former criteria about HARQ-bits to cyclic-shift mapping.
As a control group for comparison, we considered sequences of length 24 in TS38.211 Table 5.1.2.2-3 and cyclic-shifted set of ZC sequences of length 11 and 23 for zero cross-correlation model. We assumed the number of UEs accessing same time and frequency region of sidelink resource as 4, so three independent interfering signals received at the same time and frequency region. We also considered variation of arrival time and received power of the interference signals.
In addition to this, we’ve considered an “expanded” CP for PSFCH like PRACH for the Case 3. The simplest idea we made to achieve this is to use 2 consecutive symbols with the whole range of the former symbol as CP of the latter. As a result, the CP ratio becomes 53%. Compare this with the normal CP ratio 7%. To give proper comparison of SINR, we’ve made repetition for the normal CP case. Despite of this, the SINR does not changed by the repetition since all the interference signals are repeated also with exactly same pattern.
Figure 1 and 2 show the simulation result. Expressions in the legends shows the type of sequence, adoption of expanded CP, and amplitude variance. For example, a legend “11e, av0,8” means the type of sequence is length 11 ZC sequence (having zero cross-correlation property), expanded CP applied, and the interference signal received with power amplified randomly between 1.0±0.8, that is 0.2 to 1.8. We assumed the perfect channel, with no AWGN, Doppler, and multipath fading (flat fading is considered).


Figure 1. SINR of PSFCH for the CDM case (1RB).

Figure 2. SINR of PSFCH for the CDM case (2RBs).
From these results, we made the following observations and a proposal.
Observation 3: Conventional NR short-length low-PAPR sequences cannot give enough performance for CDMA operation of PSFCH.
Observation 4: Sequences with zero cross-correlation shows significantly better SINR, at least for the time variance 0 reflecting Case 2.
Proposal 1: Adopt sequence set with low cross-correlation for the cover code of PSFCH transmission at least for Case 2.
The expanded CP is highly resilient for the time error among UEs, however, too much relaxation may have interference from outer group V2X signals. This indicates the followings.
Observation 5: The model applying expanded CP gives significantly better SINR with the situation of large time variance and using sequences with zero cross-correlation. On the other hand, there is no significant merits for the expanded CP with sequences having random-like correlation property, like the conventional NR short length low-PAPR sequences.
Proposal 2: Consider adopting expanded CP for PSFCH when adopting low cross-correlation sequence.
Summary
Following is the summary of our observations and proposals.
Observation 1. For Case 1, A UE can implicitly struggle to avoid such case, and regard the receiving Rx as NACK for unavoidable situations.
Observation 2. Individual PSFCHs from different users are not time-aligned.
Observation 3: Conventional NR short-length low-PAPR sequences cannot give sufficient performance for CDMA operation of PSFCH.
Observation 4: Sequences with zero cross-correlation shows significantly better SINR, at least for the time variance 0 reflecting Case 2.
Observation 5: The model applying expanded CP gives significantly better SINR with the situation of large time variance and using sequences with zero cross-correlation. On the other hand, there is no significant merits for the expanded CP with sequences having random-like correlation property, like the conventional NR short length low-PAPR sequences.
Proposal 1: Adopt sequence set with low cross-correlation for the cover code of PSFCH transmission at least for Case 2.
Proposal 2: Consider adopting expanded CP for PSFCH when adopting low cross-correlation sequence.
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Appendix
Simulation Assumptions
· Signal selection: Randomly choose from all possible, not duplicated cyclic shifts for ZC sequence, from u of 30 kinds for conventional NR short-length low-PAPR sequence
· Sampling Rate: 10000 for each OFDM symbol
· SINR calculation: dB of arithmetic mean value of signal power/interference power of 1000 independent simulations.
· Amplitude variation: Power amplify by uniformly chosen from [1-av, 1+av]
· Time variation: Time shift of interference signals determined by uniformly chosen delay from [-Tτ, +Tτ], where T is the length of single received OFDM symbol excluding CP, that is, T=2048∙(κ/2μ)Tc.
11e, av0.0	0	0.1	0.2	0.3	0.4	0.5	0.6	0.7	35.227086999999997	35.190817000000003	35.259110999999997	35.204613999999999	34.772288000000003	34.919423000000002	28.767237999999999	17.931031999999998	11e, av0.2	0	0.1	0.2	0.3	0.4	0.5	0.6	0.7	35.136493999999999	34.957220999999997	35.192494000000003	34.956491999999997	35.156779	34.800902999999998	28.019141000000001	17.717355000000001	11e, av0.4	0	0.1	0.2	0.3	0.4	0.5	0.6	0.7	34.681441	34.786709999999999	34.977370000000001	35.120148	34.834964999999997	34.462508999999997	28.568037	17.452987	11e, av0.6	0	0.1	0.2	0.3	0.4	0.5	0.6	0.7	34.417827000000003	34.281407999999999	34.325834999999998	34.381748999999999	34.258997000000001	34.253166	28.506053000000001	16.741144999999999	11e, av0.8	0	0.1	0.2	0.3	0.4	0.5	0.6	0.7	33.544896999999999	33.290151999999999	33.227134	33.676160000000003	33.125103000000003	32.877972	27.847491999999999	16.344370000000001	11n, av0.0	0	0.1	0.2	0.3	0.4	0.5	0.6	0.7	41.131836999999997	14.403504	12.235804	10.637646	10.009952999999999	9.9866139999999994	10.038824	9.6703790000000005	11n, av0.2	0	0.1	0.2	0.3	0.4	0.5	0.6	0.7	41.239975999999999	14.436832000000001	12.182964	10.889662	9.8684700000000003	9.8933959999999992	9.9004390000000004	9.7401009999999992	11n, av0.4	0	0.1	0.2	0.3	0.4	0.5	0.6	0.7	40.904539	13.955109	11.942029	10.420213	9.7254140000000007	9.5502909999999996	9.8590140000000002	9.4230140000000002	11n, av0.6	0	0.1	0.2	0.3	0.4	0.5	0.6	0.7	40.443136000000003	13.72756	11.520251	10.017314000000001	9.2658749999999994	9.1416000000000004	9.2868670000000009	8.9892179999999993	11n, av0.8	0	0.1	0.2	0.3	0.4	0.5	0.6	0.7	39.760627999999997	13.018598000000001	10.991887999999999	9.1287900000000004	8.5311120000000003	8.2495200000000004	8.4110139999999998	8.4356229999999996	12e, av0.0	0	0.1	0.2	0.3	0.4	0.5	0.6	0.7	4.2633390000000002	4.5533599999999996	4.6976100000000001	5.2797859999999996	5.2433810000000003	5.042961	5.1153709999999997	5.2347619999999999	12e, av0.2	0	0.1	0.2	0.3	0.4	0.5	0.6	0.7	4.2126239999999999	4.3240259999999999	4.6090410000000004	5.1305899999999998	5.1763579999999996	5.0860960000000004	5.1672570000000002	5.0723589999999996	12e, av0.4	0	0.1	0.2	0.3	0.4	0.5	0.6	0.7	4.0932130000000004	3.9380250000000001	4.6530940000000003	4.710394	4.9839279999999997	4.822146	4.8648470000000001	4.7395810000000003	12e, av0.6	0	0.1	0.2	0.3	0.4	0.5	0.6	0.7	3.6195119999999998	3.507943	3.9560580000000001	4.4478960000000001	4.3225600000000002	4.6239739999999996	4.3527449999999996	4.3536580000000002	12e, av0.8	0	0.1	0.2	0.3	0.4	0.5	0.6	0.7	2.6959439999999999	2.5604840000000002	3.1343570000000001	3.7185260000000002	3.396423	3.407978	3.5412680000000001	3.8549159999999998	12n, av0.0	0	0.1	0.2	0.3	0.4	0.5	0.6	0.7	4.3274030000000003	4.6473500000000003	5.0098570000000002	5.4759979999999997	5.6837119999999999	5.9098980000000001	6.0431879999999998	6.155983	12n, av0.2	0	0.1	0.2	0.3	0.4	0.5	0.6	0.7	4.2327000000000004	4.4999250000000002	4.947565	5.4859910000000003	5.6403949999999998	5.7291790000000002	6.0379019999999999	6.1019740000000002	12n, av0.4	0	0.1	0.2	0.3	0.4	0.5	0.6	0.7	3.9840990000000001	4.0581250000000004	4.5832759999999997	5.1892709999999997	5.295547	5.7111280000000004	5.7356740000000004	5.942914	12n, av0.6	0	0.1	0.2	0.3	0.4	0.5	0.6	0.7	3.6185900000000002	4.0599449999999999	4.15876	4.8946129999999997	5.1566320000000001	5.2488939999999999	5.3428240000000002	5.2684670000000002	12n, av0.8	0	0.1	0.2	0.3	0.4	0.5	0.6	0.7	2.705317	2.9403510000000002	3.7629190000000001	3.497058	3.9515310000000001	4.1612010000000001	4.1763479999999999	4.326568	Time variance τ (/ symbol)


SINR (dB)




23e, av0.0	0	0.1	0.2	0.3	0.4	0.5	0.6	0.7	33.907753999999997	33.677613999999998	34.430193000000003	34.287815000000002	34.338346000000001	34.045924999999997	28.256982000000001	19.445170999999998	23e, av0.2	0	0.1	0.2	0.3	0.4	0.5	0.6	0.7	33.862048000000001	34.028165999999999	33.933495999999998	34.178483999999997	33.8748	33.997247999999999	28.178926000000001	18.733701	23e, av0.4	0	0.1	0.2	0.3	0.4	0.5	0.6	0.7	33.621023999999998	33.799587000000002	33.804749000000001	33.962018999999998	33.535893999999999	33.920377999999999	28.155192	18.700883999999999	23e, av0.6	0	0.1	0.2	0.3	0.4	0.5	0.6	0.7	32.897052000000002	33.250767000000003	33.175528	33.549135	33.567525000000003	33.205258000000001	28.37885	18.64162	23e, av0.8	0	0.1	0.2	0.3	0.4	0.5	0.6	0.7	32.228605000000002	32.483316000000002	32.381290999999997	32.473511999999999	32.189037999999996	32.523978	28.104151000000002	17.792646000000001	23n, av0.0	0	0.1	0.2	0.3	0.4	0.5	0.6	0.7	38.525151000000001	16.130607000000001	14.369465	13.000033999999999	12.500904	12.332819000000001	12.402208	12.089679	23n, av0.2	0	0.1	0.2	0.3	0.4	0.5	0.6	0.7	38.680965	16.168885	14.19598	12.943256	12.170468	12.112505000000001	12.245748000000001	11.695010999999999	23n av0.4	0	0.1	0.2	0.3	0.4	0.5	0.6	0.7	38.413516999999999	15.792049	13.711605	13.090242	12.020372	12.2408	12.025987000000001	11.831227	23n, av0.6	0	0.1	0.2	0.3	0.4	0.5	0.6	0.7	37.712240999999999	15.644511	13.345793	12.105383	11.487643	11.472587000000001	11.305598	11.122455	23n, av0.8	0	0.1	0.2	0.3	0.4	0.5	0.6	0.7	37.110013000000002	14.514423000000001	12.437431	11.215885	10.505217999999999	10.577063000000001	10.723718	10.620106	24e, av0.0	0	0.1	0.2	0.3	0.4	0.5	0.6	0.7	5.7505920000000001	5.8168550000000003	6.4105239999999997	6.7931309999999998	6.6601220000000003	6.8648769999999999	7.0572020000000002	6.9823839999999997	24e, av0.2	0	0.1	0.2	0.3	0.4	0.5	0.6	0.7	5.6541969999999999	5.9381560000000002	6.2299189999999998	6.6377819999999996	6.8476720000000002	7.0032670000000001	6.820462	6.7702819999999999	24e, av0.4	0	0.1	0.2	0.3	0.4	0.5	0.6	0.7	5.558738	5.6124070000000001	5.9622489999999999	6.3825320000000003	6.8114020000000002	6.5323359999999999	6.5049570000000001	6.5299810000000003	24e, av0.6	0	0.1	0.2	0.3	0.4	0.5	0.6	0.7	5.0228479999999998	5.1468489999999996	5.376735	5.9397159999999998	6.023002	6.0300849999999997	5.83026	5.8268620000000002	24e, av0.8	0	0.1	0.2	0.3	0.4	0.5	0.6	0.7	4.2791790000000001	4.4204049999999997	4.6459390000000003	5.2214809999999998	5.4028109999999998	4.9583199999999996	5.1051890000000002	5.1843680000000001	24n, av0.0	0	0.1	0.2	0.3	0.4	0.5	0.6	0.7	5.757428	5.8566900000000004	6.4970509999999999	6.8233649999999999	7.3087520000000001	7.5150790000000001	7.7010889999999996	7.7396200000000004	24n, av0.2	0	0.1	0.2	0.3	0.4	0.5	0.6	0.7	5.5859930000000002	5.9622469999999996	6.5523939999999996	7.0868419999999999	7.2645549999999997	7.5309520000000001	7.4161289999999997	7.8151330000000003	24n av0.4	0	0.1	0.2	0.3	0.4	0.5	0.6	0.7	5.4470260000000001	5.7827549999999999	6.1943840000000003	6.5439299999999996	7.0272300000000003	7.0187759999999999	7.3712109999999997	7.4271469999999997	24n, av0.6	0	0.1	0.2	0.3	0.4	0.5	0.6	0.7	4.978281	5.0913729999999999	5.6047909999999996	6.1327049999999996	6.306203	6.6007699999999998	6.9273490000000004	6.9896180000000001	24n, av0.8	0	0.1	0.2	0.3	0.4	0.5	0.6	0.7	4.4150150000000004	4.6306370000000001	4.9810660000000002	5.4547280000000002	5.7059480000000002	5.6421080000000003	5.976496	6.0018779999999996	Time variance τ (/ symbol)


SINR (dB)




