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1. Introduction
[bookmark: _GoBack]According to the WID for 5G V2X with NR sidelink [1], the objectives of sidelink physical layer structure are as follows:
	· Support of sidelink signals, channels, bandwidth part, and resource pools [RAN1, RAN2]


In this contribution, we discuss issues on physical layer structure and physical channel format for NR sidelink including SCI, PSCCH, PSSCH, PSFCH, and measurement RS. In addition, we discuss SL BWP design and resource pool design. 

Discussion
1.1. Physical layer structure
1.1.1. SCI design
On SCI design, followings are agreed during the NR V2X SI [2][3]:
	Agreements: (RAN1 Adhoc 1901)
· 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: (RAN1 Adhoc 1901)
· Sub-channel based resource allocation is supported for PSSCH
· FFS details for sub-channels
· FFS other use cases for sub-channel (e.g., measurement, interaction with PSCCH, etc.)
Agreements: (RAN1 Adhoc 1901)
· SCI decoding applied during sensing procedure provides at least information on sidelink resources indicated by the UE transmitting the SCI
Agreements: (RAN1#96)
· TPC commands for SL PC are not supported
Agreements: (RAN1#96)
· Blind retransmissions of a TB are supported for SL by NR-V2X
· Details are for the WI phase


To design PSCCH especially for the physical layer mapping, it is necessary to investigate the amount of SCI payload size and target coverage first. In this section, we list up the potential candidates of SCI field with tentative field size. 
Layer-1 IDs can be derived from upper layer IDs (e.g. Layer-2 IDs), but their size need to be further reduced to save SCI overhead. In our view, it can be a starting point that each Layer-1 ID has 8-bit length. Regarding HARQ process related SCI fields and MCS field, bit field size of Uu link can be a starting point. Meanwhile, bit field size of HARQ process ID can be determined based on the maximum HARQ RTT considering HARQ feedback timing and preparation time for retransmission scheduling. Regarding the resource allocation, two types of resource allocation mechanisms can be considered: one is used to allocate sub-channel(s) for a single PSSCH transmission, and the other is used to allocate sub-channel(s) for both initial transmission and retransmission simultaneously to support blind retransmissions of a TB. Assuming that the starting sub-channel of PSSCH is derived by PSCCH resource, resource allocation field for a single PSSCH transmission can indicate the number of sub-channels to be used for PSSCH transmission. In this case, the bit field size for resource allocation of a single PSSCH is given by  where  is the number of sub-channels within a resource pool. Meanwhile, for resource allocation field(s) for initial transmission and retransmission, it can be considered that resource allocation field(s) in SCI format 1 in LTE sidelink is a starting point. Considering sensing operation, priority field in LTE SCI format 1 can be reused. 
According to WID [1], Rel-16 NR sidelink will support CQI/RI reporting and multi-rank PSSCH transmission with up to two antenna ports. Regarding CSI measurement/reporting field, SCI can indicate at least whether aperiodic SL-CSI-RS is transmitted or not when PSSCH is transmitted, and UE receiving SL-CSI-RS can transmit CQI/RI reporting via PSSCH. To avoid ambiguity on the physical layer mapping on PSSCH, SCI can also indicate whether CQI/RI reporting is included or not in PSSCH. In short, bit field size for CQI/RI reporting is at least 2 bits. Detailed description is in our companion contribution [4]. Regarding antenna ports field, it can be used to indicate rank of PSSCH transmission, and DMRS port(s) to be used. Considering that up to two antenna port, the bit field size of antenna ports can be 2 bits. Table 1 summarizes the set of SCI fields to be considered. 
According to Table 1, the SCI payload size can be various which candidates will be included in the SCI format depending on the type of communications (e.g. broadcast/groupcast/unicast), and (pre)configurations. Furthermore, to reduce SCI payload size to be conveyed on PSCCH, it can be considered that total SCI payload is divided into two parts, and one part is conveyed by PSCCH, and other part is piggybacked on PSSCH. In this case, it is necessary to further investigate which SCI field will be conveyed by PSCCH or other channel(s). For instance, at least SCI fields to be used for sensing operation can be conveyed by PSCCH. 
Proposal 1: For NR sidelink, the set of SCI fields includes at least followings
Table 1: Example of the set of SCI fields with tentative size
	SCI field
	Bit field size

	L1-source ID
	[8]

	L1-destination ID
	[8]

	Frequency resource location of initial transmission and retransmission
	

	Time gap between initial and retransmission
	[4]

	Resource reservation
	[4]

	Frequency resource location of a transmission
	

	HARQ process number
	[4]

	NDI
	1

	RV
	2

	MCS
	5

	Priority field
	[3]

	CSI measurement/reporting field
	[2]

	Antenna port(s)
	[2]


· Other candidate for SCI field is not precluded.
· Note that a SCI format can consist of parts of the above SCI fields depending on the (pre)configuration and/or type of communication (e.g. broadcast/groupcast/unicast).
· FFS: whether all the SCI fields in a SCI format are conveyed on PSCCH. 

1.1.2. PSCCH design
Regarding PSCCH design, followings are agreed during the NR V2X SI [5]:
	Working assumption: (RAN1#95)
· Regarding PSCCH / PSSCH multiplexing, at least option 3 is supported for CP-OFDM.
· RAN1 assumes that transient period is not needed between symbols containing PSCCH and symbols not containing PSCCH in the supported design of option 3.
· FFS how to determine the starting symbol of PSCCH and the associated PSSCH
· FFS for other options. e.g. whether some of them are supported to increase PSCCH coverage



1.1.2.1. PSCCH structure
PSCCH can use QPSK modulation to ensure wide coverage. The number of RB sizes and symbols of PSCCH may be predetermined or may be flexible according to service or application or slot structure or PSCCH/PSSCH association option. 
Considering that PSCCH resource is confined within the associated PSSCH resource (i.e. Option 3), it is necessary that the frequency resource of PSCCH is mapped within a sub-channel to support PSSCH with a single sub-channel allocation as shown in Figure 1. In this case, depending on the symbol duration of PSCCH and SCI payload size, the required number of RBs for PSCCH mapping could be large. For instance, to keep the comparable coding rate with LTE PSCCH (e.g. 0.125), if the SCI payload size after 24-bit CRC attachment is 62 bits (8-bit L1 source ID, 8-bit L1 destination ID, 4-bit HPN, 1-bit NDI, 2-bit RV, 3-bit RA, 3-bit priority, 5-bit MCS, 2-bit antenna ports, 2-bit CQI/RI measurement/reporting), and if the symbol duration of PSCCH is set to be 3 without AGC symbol, and if NR PDCCH DMRS pattern is assumed to be used for PSCCH DMRS pattern, then the required number of RBs for PSCCH is given by 10 RBs. In other words, the sub-channel size needs to be larger than 10 RB. The large value of the sub-channel will reduce scheduling flexibility. Furthermore, considering 4MHz bandwidth with subcarrier spacing of 30 kHz, the number of sub-channels within a resource pool could be extremely small (In this example, the number of sub-channel is 1). 


Figure 1: Example of PSCCH/PSSCH mapping. 
Alternatively, it can be considered to allow frequency resource of PSCCH is mapped across multiple sub-channels. However, in this case, it is necessary to ensure that the allocated sub-channels for PSSCH always covers frequency resource of PSCCH, which is another scheduling restriction. Furthermore, PSSCH with a single sub-channel will not be supported. 
Proposal 2: At least for PSSCH with a single sub-channel allocation, NR sidelink supports that frequency resource of a PSCCH is mapped within a sub-channel. 
For efficient resource allocation with a reasonable sub-channel size, it is necessary to reduce the number of RBs to be used for PSCCH. To do this, first of all, it can be considered to increase the symbol duration of PSCCH. However, depending on the symbol duration, tight latency requirement may not be met. 
Another approach is to reduce the size of SCI payload to be convey on PSCCH. For instance, total SCI payload can be divided into two part: 1st SCI is to help sensing operation of all the UEs and 2nd SCI is used to indicate how to decode PSSCH in details for a legitimate UE based on the L1-destination ID which will be given by the 1st SCI. The 1st SCI can include 8-bit destination ID, resource allocation field (including 4-bit time gap between initial and retransmission, and 4-bit resource reservation), 3-bit priority field, and 2-bit 2nd SCI indicator to indicate the form/contents of 2nd SCI. Considering 8-bit CRC, the total payload size to be conveyed on PSCCH can be 34 bits. Meanwhile, 2nd SCI can include remaining SCI fields required for PSSCH decoding/other purposes (e.g. CQI/RI measurement/reporting) and can be mapped on PSSCH resource. In other words, it can be considered that 2nd SCI can be mapped across multiple sub-channels depending on PSSCH allocation. 
The DMRS of the PSCCH can be designed similar to the NR PDCCH. Three REs per RB are mapped to DMRS. Depending on the time-domain pattern of PSCCH DMRS, it is possible to further increase the number of REs to be used for PSCCH data mapping. To be specific, PSCCH DMRS can be transmitted in a subset of symbols for PSCCH as shown in Figure 4. Considering high speed environment in NR V2X, PSCCH DMRS can be mapped in the middle of the symbol duration for PSCCH. 
Proposal 3: For PSCCH DMRS pattern in frequency domain, NR PDCCH DMRS pattern in frequency domain is reused.
· FFS: PSCCH DMRS pattern in time domain.
[image: ]
Figure 4: Example of PSCCH DMRS pattern.
According to the design criteria for PSCCH DMRS sequence generation in LTE, it is taken into account that the sequence randomization between NR Uu link and NR sidelink, multiple PSCCH DMRS can be CDMed for potential collision handling, and all the UEs can decode SCI conveyed on PSCCH at least for sensing operation. Unlike LTE, since NR sidelink uses CP-OFDM only, the DMRS sequence will be pseudo random sequence instead of CAZAK sequence. In this case, it can be considered to carefully redesign the random seed of the NR PDCCH DMRS sequence. 
Proposal 4: For PSCCH DMRS sequence generation, the formula for NR PDCCH DMRS sequence is a starting point with following considerations:
· Sequence randomization between NR Uu link and NR sidelink.
· All the UE can decode SCI at least for sensing operation.
· For collision handling, multiple PSCCH DMRS can be CDMed.

In a similar manner, PSSCH scrambling sequence can be designed considering the sequence randomization between NR Uu link and NR sidelink, and all the UEs can decode SCI conveyed on PSCCH at least for sensing operation.
Proposal 5: For PSCCH scrambling sequence generation, the formula for NR PDCCH scrambling sequence is a starting point with following considerations:
· Sequence randomization between NR Uu link and NR sidelink.
· All the UE can decode SCI at least for sensing operation.
Regarding PSCCH transmission scheme, PDCCH transmission scheme can be considered as a starting point. In this case, 1 TX antenna port with transparent diversity scheme can be considered as a baseline. 
In short, regarding SCI and PSCCH design, it is necessary to carefully investigate the required number of symbols and RBs considering target PSCCH coverage, impact on the sub-channel size, and latency requirement. Since PSCCH design will affect to PSSCH DMRS pattern, power control for PSCCH/PSSCH, multiplexing between PSCCH and PSSCH, and DCI for NR sidelink scheduling, it is necessary to prioritize PSCCH and SCI design. 
Proposal 6: Prioritize SCI and PSCCH design with respect to the range of the number of symbols and RBs considering target PSCCH coverage, impact on the sub-channel size, and latency requirement. 

1.1.2.2. Multiplexing PSCCH and the associated PSSCH
Regarding the transient time according to PSCCH/PSSCH configuration options, RAN4 answers RAN1’s question as follows [6]: 
	· Questions : RAN1 would like to ask the following questions for options 1A, 1B, and 3 when the total transmit power does not change between the last symbol containing PSCCH and the following symbol:
· Q1: Whether transient period is needed (if so, how much) if power spectral density is different between the last symbol containing PSCCH and the following symbol
· A1: Yes, in case of RB configuration or total transmit power change, transient period is needed, which could result in phase discontinuity for PSSCH.
Basically, RAN4 define transient period as shown in section 6.3.3 in TS38.101-1  
between transmit OFF power and transmit ON power symbols (transmit ON/OFF)
between continuous ON-power transmissions with power change or RB hopping is applied.
· Q2: Whether transient period is needed (if so, how much) if PSCCH and PSSCH use different frequency location and/or resource size in option 1B and 3
· A2: The answer as follow according to PSCCH/PSSCH configurations
· Option 1B could result in a different RB configuration (location and/or Size), power spectral density for control than that for data. This could result in a different MPR and AMPR for control and data. Hence, this option needs a transient period. 
· Option 3: This option will not need any transient period. In RAN4, MPR and AMPR should be derived for the entire slot and a single value of MPR/AMPR should be used for the entire slot. 
· Q3: Whether there is any impact on the above questions due to different assumptions of amplifiers (e.g., for MIMO purpose, etc.)
· A3: In the case where PSCCH is rank-1 and transmitted from one antenna only, while PSSCH is transmitted from both antennas, the transient period will be needed. It will result in phase discontinuity for PSSCH. 
In the case where PSCCH and PSSCH are transmitted from same the antennas connectors, the answers to the above questions are not impacted.
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· Q4: Whether there are any other cases that require transient period (if so, how much)
· A4: RAN4 can provide additional analysis result once sidelink physical design becomes clearer


In this section, we compare Option 1b and Option 3 in terms of specification work load, transient period, and phase discontinuity. 
Considering PSCCH coverage, PSD boosting can be considered for Option 3 while the total transmit power does not change and PSCCH and PSSCH are transmitted from the same set of antennas to avoid the transient period. In this case, PSD for PSSCH could be different across different symbols depending on whether symbol contains PSCCH or not. For QAM demodulation, it is necessary to define mechanism to ensure that unicast RX UE knows the PSD ratio between different symbols. In addition, since UE transmit power will be shared by PSCCH and PSSCH, the PSCCH coverage could be restricted especially when the number of allocated sub-channels for PSSCH is large. In this case, the specification work load for SL power control/allocation could be relatively large. 
Meanwhile, in case of Option 1b, the specification work for SL power control would be much simple since power control/allocation for PSCCH and PSSCH can be performed independently. Furthermore, since PSCCH transmission can use maximum UE transmit power, it would be beneficial in terms of the coverage. However, in general, Option 1b will cause the transient time due to the different RB allocation between PSCCH and PSSCH. 
Regarding multi-rank transmission, if PSCCH is transmitted from one antenna only, and if PSSCH is transmitted from two antennas, both options need to have the transient time. In Option 3, UE transmit power will be unevenly distributed for the region where PSCCH and PSSCH are FDMed to ensure that PSD of PSSCH from each antenna can be the same. It is necessary to investigate its impact on the power control with respect to potential MPR. 
For Option 3, there are three possible cases satisfying the definition as in Figure 5. Basically the motivation of Option 3 is to decrease the code rate of PSSCH while PSCCH is transmitted in the former part of the resource for fast decoding. The difference between the second and third cases is the channel for which AGC operation is applied. However, it seems that the motivation of the first case in which part of PSCCH transmission is allowed in the time resources non-overlapping with PSSCH is unclear considering the motivation of Option 3. Considering the required number of RB can be large in Option 3, it is preferred that PSCCH mapping avoid AGC symbol. Otherwise, it would be difficult to design PSCCH to be confined within a sub-channel with reasonable size. 
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Figure 5: Possible scenarios of supporting Option 3
In addition, we consider pre-emption indication which is for avoiding resource collision, and it can be transmitted via PSCCH or PSFCH. If pre-emption indication is transmitted via PSCCH without associated PSSCH within a slot in option 1b or 3, additional AGC operation may be required. As an alternative to avoid additional AGC operation, dummy signal can be transmitted in PSSCH with corresponding PSCCH. Another approach would be to transmit pre-emption indication via PSFCH for which AGC operation is defined.
Observation 1: Option 3 can avoid the transient time by keeping the total transmit power and restricting antenna to be used for PSCCH/PSSCH transmission, but it can cause large specification work especially on SL power control/allocation. 
Observation 2: Option 1b will cause the transient time, but PSCCH coverage can be enhanced with small specification work. 
Observation 3: The motivation of supporting part of PSCCH transmission in the time resources non-overlapping with PSSCH is unclear.
Proposal 7: When PSCCH resource is confined within PSSCH resource (i.e. Option 3), PSCCH symbol start after AGC symbol. 
Proposal 8: If pre-emption indication is supported, further study is necessary on which resource region (e.g., PSCCH, PSFCH) is used to transmit the indication considering AGC aspect.

1.1.3. PSFCH format for SFCI
Regarding PSFCH design, followings are agreed during the NR V2X SI [2][3]:
	Working assumption: (RAN1 Adhoc 1901)
· When HARQ feedback is enabled for groupcast, support (options as identified in RAN1#95):
· Option 1: Receiver UE transmits only HARQ NACK
· Option 2: Receiver UE transmits HARQ ACK/NACK
· FFS applicability of option 1 and option 2 – this part is particulary relevant to confirm (or not) the working assumption
Agreements: (RAN1#96)
· 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.


Similar to NR Uu, self-contained feedback channel structure can be supported in NR sidelink. If the feedback channel is configured in some ending symbols in a slot, AGC/switching period should be taken into account as mentioned above. For small payload size of HARQ feedback and service with low latency requirement, NR PUCCH format 0 is a starting point for the PSFCH format. In our view, for coverage enhancement, it can be considered that the sequence-based PSFCH format is repeated in more than 2 symbols. Meanwhile, applying time-domain OCC needs to be carefully investigated considering AGC symbol and channel variations in time domain. To be specific, if UE needs to perform AGC operation, and if OCC sequence applied to symbol group containing AGC symbol, the orthogonally of the OCC sequence will be broken. 
Next, further study is needed to handle the overhead due to additional AGC for PSFCH. For instance, if PSFCH to be FDMed have different symbol duration and different starting symbol index, UE may needs to perform AGC multiple times in a slot. Alternatively, it can be considered to align at least starting symbol index of PSFCH in a given slot. 
Proposal 9: NR PUCCH format 0 is a starting point (e.g., for small payload size of HARQ feedback and service with low latency requirement), and the symbol repetition number larger than 2 can be considered further if the coverage/performance enhancement is necessary.
· FFS how to handle the overhead due to additional AGC for PSFCH.
As discussed in our companion contribution [4], NACK based HARQ feedback can be supported for groupcast via PSFCH. When multiple RX UEs transmit NACK in the common SL HARQ feedback resource, there could be the destructive channel sum effect which causes an error in detecting NACK, and this aspect needs to be further studied. For example, one possible solution is that the randomized sequence per RX UE can be transmitted to reduce this effect. We conducted evaluation on NACK-to-ACK error performance considering destructive channel sum effect. To be specific, we assume the carrier frequency, subcarrier spacing, UE velocity, and sequence length to be 6 GHz, 30 kHz, 60 km/h, and 1 RB, respectively. Furthermore, ACK-to-NACK error was assumed to be 0.01 considering NACK-based HARQ feedback mechanism. In order to verify the destructive channel sum effect, the NACK-to-ACK error performance of proposed scheme in which two UEs respectively transmit a randomized sequence was compared to that of baseline scheme in which two UEs transmit the same sequence. In Figure 6, it can be found that the proposed scheme provides better performance in terms of NACK-to-ACK error.
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Figure 6: NACK-to-ACK error performance considering destructive channel sum effect
Also when the threshold is used for the energy detection of NACK transmission(s) from RX UE(s), further study is necessary on how to guarantee the NACK detection performance regardless the fluctuation of external interference. For example, to resolve this problem, the resource for determining the threshold (i.e., null RE) can be configured as described in Figure 7. In other words, by using null RE, the TX UE can determine the threshold that is more appropriate to a given channel environment. This means that it is possible to satisfy the minimum requirement even under time-varying channel environment.
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Figure 7: Example of null RE for NACK-based HARQ transmission.
PSFCH can be used only for SL HARQ transmission which is small payload and requires tight latency for feedback. Meanwhile, a single PSFCH slot can be associated with multiple PSSCH slots, in this case, it can be considered that multiple HARQ feedbacks associated with different PSCCH/PSSCH are simultaneously transmitted via a single PSFCH. In this case, NR PUCCH format 2 can be further considered to support moderate payload and tight latency requirement. 
PSFCH may or may not exist according to the service type/requirement, and SL transmission with and without PSFCH can be multiplexed in the same resource pool. Then, it may need to adopt additional AGC during the reception of PSSCH before the duration in which PSFCH is FDMed. If PSFCH to be FDMed have different symbol duration, AGC could be problem during PSFCH decoding. Thus, fixed symbol duration is used for a given PSFCH format in a given slot. Another issue is collision avoidance between PSSCH and PSFCH. Because a certain PSSCH can be transmitted until the end of a slot, the resource of PSFCH needs to be selected in order to avoid the resource of PSSCH accordingly.
Observation 4: For only NACK based SL HARQ feedback in groupcast,
· Randomized sequence selection per receiver UE could be beneficial to mitigate the destructive channel sum effect of HARQ-NACK transmissions from multiple receiver UEs.
· Using null resource element could be beneficial to determine the presence of HARQ-NACK transmissions for receiver UEs.
Proposal 10: If SL transmission with PSFCH and SL transmission without PSFCH are allowed to be multiplexed in the same pool, at least the following issues need to be further studied.
· How to reduce additional AGC during PSSCH reception 
· Collision avoidance between PSSCH and PSFCH


1.1.4. PSSCH RS design
Regarding PSSCH design, followings are agreed during the NR V2X SI [2]:
	Agreements: (RAN1 Adhoc 1901)
· Multiple DMRS patterns in time domain are supported for PSSCH
· FFS: Whether a DMRS pattern is selected based on the subcarrier spacing
· FFS: Single or multiple DMRS pattern(s) per a resource pool
· FFS: How TX UE and RX UE can be aligned in terms of the DMRS pattern used for PSSCH
· FFS: RE mapping, sequence generation
· Continue to study DMRS pattern in frequency domain for PSSCH
· E.g. Whether multiple patterns are supported, whether PDSCH/PUSCH DMRS configuration 1 or 2 is reused.


 In NR structure, two DMRS types are supported for PDSCH/PUSCH DMRS. DMRS type 1 targets to cover up to roughly 1000ns delay spread (which cause frequency selectivity). Meanwhile, DMRS type 2 targets to support MU-MIMO and more antenna ports (12 APs). However, in NR V2X structure, the number of antenna ports will be limited (e.g. up to 2), and MU-MIMO is not a main target. Thus, for a carrier with a given numerology, there is no clear motivation/benefit to support multiple DM-RS patterns in frequency domain for PSSCH. Meanwhile, considering that PSCCH resource will be confined within PSSCH resource, for PSSCH DMRS pattern in time-domain design, it is necessary to make a decision on the form of PSCCH especially on symbol duration in advance. 
Observation 5: For a carrier with a given numerology, there is no clear motivation/benefit to support multiple DM-RS patterns in frequency domain for PSSCH.
For fast decoding and low latency, DMRS is located in the front symbol (i.e. front-loaded DMRS) in NR structure. In addition, for high speed UE to cope with the high Doppler Effect, additional DMRS can be configured and the position and number of front-loaded and additional DMRS symbols are listed in TS 38.211. In LTE V2X structure, there are 4 DMRS symbols located in one subframe. This DMRS structure of LTE V2X (i.e. 4-V (4 vertical) DMRS structure) already can be configured by using the listed table in NR. As described above, the flexible subcarrier spacing and frequency range (i.e., carrier frequency) should be considered in NR V2X structure. One thing to consider in the sidelink is that the symbol position of the DMRS can be shifted because the first symbol DMRS can be affected by AGC. In addition, considering AGC issue, it would be beneficial to align at least starting symbol of PSSCHs in a given slot. Moreover, further study is needed for the symbol duration of PSSCH (e.g., fixed or variable symbol duration, range of the possible values).
Proposal 11: For NR PSSCH DMRS pattern in frequency domain, NR PDSCH DMRS configuration 1 is reused.
· FFS: NR PSSCH DMRS pattern in time domain
Under the condition of high speed and high frequency range, the H (horizontal) DMRS structure (which is similar to PT-RS structure of NR) can be used for NR V2X. Furthermore, for the flexibility of NR V2X structure, both V-type and H-type DMRS structure can be used by configuring PT-RS properly. The phase tracking for the high speed UE can be performed by using the H-type DMRS and the signal can be demodulated by using the V-type DMRS. These DMRS/PT-RS pattern used for PSSCH can be indicated via PSCCH or (pre)configuration.
1.1.5. Measurement RS design
A precoded RS may not be suitable for channel quality measurement. Therefore, a dedicated RS which is unprecoded can be used for channel quality measurement. One issue is whether the measurement RS is transmitted periodically or aperiodically. 
Considering the nature of sidelink transmission (i.e., opportunistic transmission after sensing operation), periodic RS transmission is difficult to be implemented, and it would be natural to support aperiodic RS transmission. Furthermore, PSCCH can indicate whether the aperiodic RS is transmitted. 
If standalone aperiodic RS transmission is supported, RS can be transmitted even when there is no data to transmit. However, additional sensing operation would be needed to transmit the corresponding RS. In addition, it is not desirable in sidelink for a particular UE to transmit measurement RS using only a few REs like downlink CSI-RS, and to allow another UE to clear the corresponding measurement RS location. This is because severe inband emission interference may occur when signals of different UEs are multiplexed with RE level. Alternatively, it can be considered that the measurement RS is always confined within resources allocated for PSSCH. 

Proposal 12: Measurement RS is triggered by PSCCH, and the resources for the measurement RS is confined within PSSCH resource scheduled by the PSCCH. 

1.1.6. Bandwidth part and resource pool
Regarding SL BWP and resource pool, followings are agreed during the NR V2X SI [2][3]:
	Agreements: (RAN1 Adhoc 1901)
· Confirm the working assumption
· Working assumption: only one SL BWP is configured in a carrier for a NR V2X UE
Agreements: (RAN1 Adhoc 1901)
· Configuration for SL BWP is separated from Uu BWP configuration signalling.
· UE is not expected to use different numerology in the configured SL BWP and active UL BWP in the same carrier at a given time.
· FFS the time scale
· FFS relation to DL BWP including initial Uu BWP
· FFS relation in terms of frequency location and bandwidth
Agreements: (RAN1 Adhoc 1901)
· For time domain resources of a resource pool for PSSCH, 
· Support the case where the resource pool consists of non-contiguous time resources
· FFS details including granularity
· For frequency domain resources of a resource pool for PSSCH, 
· Down select following options:
· Option 1: The resource pool always consists of contiguous PRBs
· Option 2: The resource pool can consist of non-contiguous PRBs
Agreements: (RAN1#96)
· For the operation regarding PSSCH, a UE performs either transmission or reception in a slot on a carrier.
· NR sidelink supports for a UE:
· A case where all the symbols in a slot are available for sidelink.
· Another case where only a subset of consecutive symbols in a slot is available for sidelink
· Note: this case is not intended to be used for the ITS spectra, if there is no forward-compatibility issue. Finalize in the WI phase whether there is such an issue or not
· The subset is NOT dynamically indicated to the UE
· FFS the supported slot configuration(s)
· FFS whether/how to operate it in partial coverage scenarios


In RAN1 AdHoc 1901 meeting, it was agreed that configuration for SL BWP is separated from Uu BWP configuration signaling. Furthermore, one remaining issue is the relation between SL and active/initial Uu BWP. Considering dynamic active BWP switching in NR Uu link, depending on UE capability, the switching delay of roughly 1 ms or 3ms is assumed for BWP switching. Meanwhile, UE may needs to operate in both active Uu BWP and SL BWP. In this case, the switching delay between active Uu BWP and SL BWP is not desirable considering latency requirement of Uu/SL services/applications and Uu/SL resource utilization. To be specific, on Uu/SL resource utilization, UE does not receive/transmit any signals during the transient time for BWP switching. In this case, frequent BWP switching will make resource utilization inefficient. 
To avoid these switching delay, first of all, it is assumed that the numerology of configured SL BWP is the same as that of active UL BWP in the same carrier at a given time. Next, it can be further considered that RF retuning is not needed to switch between active UL BWP and configured SL BWP. In other words, it can be considered that UE’s RF setting covers both active UL BWP and configured SL BWP. In this case, even though SL BWP and active UL BWP have different center frequency of BWP and BWP size, UE may not apply the switching delay. 
     Regarding active DL BWP, for paired spectrum, it can be taken into account that separate RF chains between active DL BWP and configured SL BWP as in LTE V2X. On the other hand, for unpaired spectrum, it can be assumed that UE’s RF setting covers both active DL BWP and configured SL BWP together with active UL BWP. Note that, in NR Uu link, for unpaired spectrum, UE expects that the center frequency of active DL BWP is aligned with that of active UL BWP. 
In NR Uu link, initial BWP and other configured BWP can be configured with different numerologies. Especially, since initial DL BWP does not support SCS of 60 kHz, if we always assume that both initial BWP and other configured BWP always have the same numerologies, extended CP cannot be used anymore. In that point of view, it is not desirable to restrict the same numerology setting between initial Uu BWP and active Uu BWP(s). Meanwhile, UE may operate in initial DL BWP to monitor broadcast messages, and operate in initial UL BWP to perform RACH procedure. In addition, if default BWP is not configured, UE may switch initial DL/UL BWP if bwp-inactivityTimer expires for power saving. In our view, network can configure default BWP to ensure that there is no switching delay between the default BWP and configured SL BWP. In those points of views, rather than handling issues related to switching between initial Uu BWP and SL BWP, it can be considered that UE expects that the configured SL BWP is deactivated if initial Uu BWP has different numerology with SL BWP and if the initial Uu BWP is active. In this case, UE can (re)start operating in SL BWP after switching to active Uu BWP of which numerology is the same as that of SL BWP. 
Proposal 13: UE is not expected to have switching latency between SL BWP and active Uu BWP(s) in the same carrier at a given time.
Observation 6: It is not desirable to restrict the same numerology setting between initial Uu BWP and active Uu BWP(s).
Proposal 14: UE assumes that SL TX/RX operation is deactivated when it switches to initial Uu BWP of which numerology is different from SL BWP.
Regarding resource pool, at least UL symbols configured by cell-specific higher layer signaling in NR Uu can be used for NR SL. Further discussion is needed whether to use flexible symbols for NR SL considering the dynamic nature of the usage for flexible symbols in NR Uu. In RAN1 AdHoc 1901 meeting, it was agreed that down select of two options is needed for frequency domain resources of a resource pool for PSSCH. For a given carrier, SL BWP will be fixed in frequency domain while Uu BWP will be RRC configured. In this case, the overlapping portion of SL BWP and active UL BWP can be varying depending on the Uu BWP configuration. For instance, SL BWP can be super set of active UL BWP in frequency domain. In this case, considering resource utilization efficiency, it would be beneficial to allow that resource pool can consists of non-contiguous PRBs. Meanwhile, a single PSCCH or PSSCH mapping does not need to be non-contiguous. 
Proposal 15: In shared licensed carrier, at least UL symbols configured by cell-specific higher layer signaling in NR Uu is used for NR SL.
Proposal 16: It is supported that the resource pool can consist of non-contiguous PRBs (e.g., for the increment of resource utilization efficiency in the shared licensed carrier).

1.1.7. AGC and switching period consideration
In the LTE V2X, the first symbol and last symbol in one TTI are used to AGC and TX/RX switching operation, respectively. Thus, the first and the last symbols among 14 symbols are not used for demodulation. However if the AGC or TX/RX switching of 1 symbol is considered in the NR structure, the overhead becomes too large. According to tentative assumption of AGC/switching period agreed in RAN1 #94, AGC/switching period can be much less than one symbol depending on numerology. For example, AGC and TX/RX switching times are 15 and 13 us respectively for FR1 in the RAN1 tentative assumption, and each of them is shorter than the half of the one OFDM symbol time of 30 kHz subcarrier spacing. This implies that even when AGC or TX/RX switching takes place in a symbol, only half of the symbol time would be needed and the other half symbol can be used for data or reference signal transmission/reception. To enhance efficiency, the comb type RE mapping on the AGC and/or TX/RX switching symbol can be considered to utilize the partial REs for data or RS mapping in the guard symbols. Another way is to place the AGC and the switching period in one symbol. For example, the switching period is placed in the front part of the first symbol in the next slot and the AGC period is placed in the last part of the first symbol in the slot.
Proposal 17: Comb type RE mapping on AGC and/or TX/RX switching symbol or placing AGC and switching period within one symbol can be considered to enhance resource utilization. 
Comb type RE mapping is especially useful when the number of OFDM symbols constituting each channel is small. When control and data are TDMed, it can be greatly affected by AGC when control is mapped to the first symbol. Figure 8 compares the link performance when the first symbol is affected by AGC when PSCCH is transmitted on 2 or 3 OFDM symbols. In two OFDM symbols case, about 3dB gain at 1% BLER for the proposed comb type RE mapping is achieved and in three OFDM symbol case, about 1dB gain is achieved.
[image: ] [image: ]
(a) # of OFDM symbols: 2, RB size: 8 RBs          (b) # of OFDM symbols: 3, RB size: 6 RBs
Figure 8: PSCCH BLER performance comparison with or without comb-like RE mapping (assumption: carrier frequency: 6 GHz, mobility: 60 km/h, channel coding: polar, payload size: 48 bits)

2. Conclusions
In this contribution, some aspects of physical layer structure for NR V2X sidelink was discussed. Based on the above discussion, our proposals and observations are summarized as follows:
Observation 1: Option 3 can avoid the transient time by keeping the total transmit power and restricting antenna to be used for PSCCH/PSSCH transmission, but it can cause large specification work especially on SL power control/allocation. 
Observation 2: Option 1b will cause the transient time, but PSCCH coverage can be enhanced with small specification work. 
Observation 3: The motivation of supporting part of PSCCH transmission in the time resources non-overlapping with PSSCH is unclear.
Observation 4: For only NACK based SL HARQ feedback in groupcast,
· Randomized sequence selection per receiver UE could be beneficial to mitigate the destructive channel sum effect of HARQ-NACK transmissions from multiple receiver UEs.
· Using null resource element could be beneficial to determine the presence of HARQ-NACK transmissions for receiver UEs.
Observation 5: For a carrier with a given numerology, there is no clear motivation/benefit to support multiple DM-RS patterns in frequency domain for PSSCH.
Observation 6: It is not desirable to restrict the same numerology setting between initial Uu BWP and active Uu BWP(s).

Proposal 1: For NR sidelink, the set of SCI fields includes at least followings
Table 1: Example of the set of SCI fields with tentative size
	SCI field
	Bit field size

	L1-source ID
	[8]

	L1-destination ID
	[8]

	Frequency resource location of initial transmission and retransmission
	

	Time gap between initial and retransmission
	[4]

	Resource reservation
	[4]

	Frequency resource location of a transmission
	

	HARQ process number
	[4]

	NDI
	1

	RV
	2

	MCS
	5

	Priority field
	[3]

	CSI measurement/reporting field
	[2]

	Antenna port(s)
	[2]


· Other candidate for SCI field is not precluded.
· Note that a SCI format can consist of parts of the above SCI fields depending on the (pre)configuration and/or type of communication (e.g. broadcast/groupcast/unicast).
· FFS: whether all the SCI fields in a SCI format are conveyed on PSCCH. 
Proposal 2: At least for PSSCH with a single sub-channel allocation, NR sidelink supports that frequency resource of a PSCCH is mapped within a sub-channel. 
Proposal 3: For PSCCH DMRS pattern in frequency domain, NR PDCCH DMRS pattern in frequency domain is reused.
· FFS: PSCCH DMRS pattern in time domain.
Proposal 4: For PSCCH DMRS sequence generation, the formula for NR PDCCH DMRS sequence is a starting point with following considerations:
· Sequence randomization between NR Uu link and NR sidelink.
· All the UE can decode SCI at least for sensing operation.
· For collision handling, multiple PSCCH DMRS can be CDMed.
Proposal 5: For PSCCH scrambling sequence generation, the formula for NR PDCCH scrambling sequence is a starting point with following considerations:
· Sequence randomization between NR Uu link and NR sidelink.
· All the UE can decode SCI at least for sensing operation.
Proposal 6: Prioritize SCI and PSCCH design with respect to the range of the number of symbols and RBs considering target PSCCH coverage, impact on the sub-channel size, and latency requirement. 
Proposal 7: When PSCCH resource is confined within PSSCH resource (i.e. Option 3), PSCCH symbol start after AGC symbol. 
Proposal 8: If pre-emption indication is supported, further study is necessary on which resource region (e.g., PSCCH, PSFCH) is used to transmit the indication considering AGC aspect.
Proposal 9: NR PUCCH format 0 is a starting point (e.g., for small payload size of HARQ feedback and service with low latency requirement), and the symbol repetition number larger than 2 can be considered further if the coverage/performance enhancement is necessary.
· FFS how to handle the overhead due to additional AGC for PSFCH.
Proposal 10: If SL transmission with PSFCH and SL transmission without PSFCH are allowed to be multiplexed in the same pool, at least the following issues need to be further studied.
· How to reduce additional AGC during PSSCH reception 
· Collision avoidance between PSSCH and PSFCH
Proposal 11: For NR PSSCH DMRS pattern in frequency domain, NR PDSCH DMRS configuration 1 is reused.
· FFS: NR PSSCH DMRS pattern in time domain
Proposal 12: Measurement RS is triggered by PSCCH, and the resources for the measurement RS is confined within PSSCH resource scheduled by the PSCCH. 
Proposal 13: UE is not expected to have switching latency between SL BWP and active Uu BWP(s) in the same carrier at a given time.
Proposal 14: UE assumes that SL TX/RX operation is deactivated when it switches to initial Uu BWP of which numerology is different from SL BWP.
Proposal 15: In shared licensed carrier, at least UL symbols configured by cell-specific higher layer signaling in NR Uu is used for NR SL.
Proposal 16: It is supported that the resource pool can consist of non-contiguous PRBs (e.g., for the increment of resource utilization efficiency in the shared licensed carrier).
Proposal 17: Comb type RE mapping on AGC and/or TX/RX switching symbol or placing AGC and switching period within one symbol can be considered to enhance resource utilization. 
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