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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
A new WID on 5G V2X with NR sidelink [1] was approved, with following objectives:
· 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
In this contribution, we continue to discuss on reference signals, physical sidelink channels, bandwidth part and resources pools on top of agreements/working assumptions which were achieved during the SI phase. 
Reference signals
DM-RS
2.1.1. DM-RS for PSSCH
For NR Uu, the DMRS can be front-loaded in order to accelerate the decoding process. Front-loaded DMRS has advantages for NR V2X for cases since very low latency is required. On the other hand, non-front-loaded DMRS can achieve better link performance when in presence of high Doppler shifts, without the need for additional DMRS symbols, as shown in our link-level simulations [12]. Thus, it makes sense to support both configurations: front-loaded DMRS for the low latency cases, and non-front loaded for the high Doppler cases.
Proposal 1: For PSSCH, both front-loaded DMRS and non-front DMRS are supported.
For broadcast communication, it is not motivated to provide low and high reliability, and Uu-SL multiplexing within a slot is not necessary. Hence a UE transmitting broadcast transmission should use all OFDM symbols in a slot for a sidelink. In addition, there is no link establishment process. Thus, a known PSSCH configuration of PSSCH DMRS in time domain, should be used to avoid blind DMRS determination. Such a configuration is shown in Table 1(front-loaded) and Table 2(non-front-loaded).
[bookmark: _Ref4743783][bookmark: _Ref4743779]Table 1. Pre-defined front-loaded DMRS patterns of PSSCH in time domain for broadcast in NR V2X (Normal CP length)
	SCS
	DMRS positions

	
	0
	1
	2
	3
	4

	60kHz
	1
	9
	
	
	

	30kHz
	1
	6
	11
	
	

	15kHz
	1
	4
	7
	10
	13



[bookmark: _Ref5117024][bookmark: _Ref5116977]Table 2. Pre-defined non-front-loaded DMRS patterns of PSSCH in time domain for broadcast in NR V2X (Normal CP length)
	SCS
	DMRS positions

	
	0
	1
	2
	3

	60kHz
	6
	
	
	

	30kHz
	4
	9
	
	

	15kHz
	2
	5
	8
	11



Proposal 2: For broadcast transmission, the DMRS pattern of PSSCH in time domain is fixed and is based on numerology.
For unicast/groupcast, more flexible DMRS configurations can be supported, i.e. the unicast/groucast transmitter can choose the any proper DMRS pattern in time domain from Table 3 and Table 4 without considering the subcarrier spacing restrictions. For mode 1, switching between different SL DMRS configurations for groupcast and unicast can be triggered by the gNB. In addition to the SCS information, the mobility indication information (e.g. position, heading, and speed) reported on the Uu link can be used for SL DMRS adaptation. In mode 2, SL the mobility information reported from the Rx UE can be used at the Tx UE to switch between different DMRS patterns
[bookmark: _Ref5027463]Table 3. Possible front-loaded DMRS patterns of PSSCH in time domain for unicast/groupcast in NR V2X (Normal CP length)
	Pattern index
	DMRS positions

	
	0
	1
	2
	3
	4

	1
	1
	
	
	
	

	2
	1
	4
	
	
	

	3
	1
	6
	
	
	

	4
	1
	9
	
	
	

	5
	1
	4
	7
	
	

	6
	1
	6
	11
	
	

	7
	1
	4
	7
	10
	

	8
	1
	4
	7
	10
	13



[bookmark: _Ref5117147]Table 4. Possible non-front-loaded DMRS patterns of PSSCH in time domain for unicast/groupcast in NR V2X (Normal CP length; N is the duration of PSSCH symbols)
	Pattern index
	DMRS positions

	
	0
	1
	2
	3

	1
	
	
	
	

	2
	
	
	
	

	3
	
	
	
	

	4
	
	
	
	



Proposal 3: For unicast/groupcast, the DMRS pattern in the time domain can be selected from the tables in Table 3 and Table 4.
· Criterion for selecting the DMRS pattern can be based on, at least mobility information provided by the Rx UE through the SL or the Uu link.
Multiple DMRS patterns in the time domain should be able to coexist in a given resource pool. When the resource pool is a pool of time-frequency resource patterns (TFRPs), each TFRP can be associated to just one DMRS pattern according to the traffic it is designed for. Suitable allocation of TFRPs is able to handle a wide range of services and vehicular radio environments.
Proposal 4: In a resource pool of TFRPs, a DMRS pattern is (pre-)configured for each TFRP.
In [10] we evaluate the performance of different DMRS patterns in frequency domain and show that Type-1 and Type-2 DMRS configurations from Uu should both be supported. In order to simplify the PSSCH DMRS design, we propose that a maximum two antenna ports are supported for PSSCH DMRS in Release 16 and that the DMRS sequences of the two antenna ports are CDMed in the frequency domain, just like for NR Uu.
Proposal 5: For the DMRS pattern of PSSCH in frequency domain, the following DMRS configurations are supported:
· Both NR Rel-15 Type-1 and Type-2 DMRS per a resource pool.
· FDM of DMRS and PSSCH within a symbol.

2.1.2. DM-RS for PSCCH
The PSCCH DMRS needs to provide high decoding reliability, just like for NR PDCCH, where a high density DRMS in time and frequency is used. The DMRS pattern of PSCCH should be fixed to simplify the PSCCH decoding Thus, we propose to reuse NR Uu PDCCH DMRS design for NR V2X. 
Proposal 6: The PSCCH DMRS reuses the NR Uu PDCCH design.
2.1.3. DM-RS for PSFCH
Similarly, the PSFCH DMRS design can use the NR PUCCH design as a starting point, whilst some simplifications and modifications should be considered.
Proposal 7: The PSFCH DMRS design uses the NR PUCCH design as a starting point.
· FFS if some modifications are needed.
CSI-RS
At RAN1#96 [2], the following working assumption on RS related to CSI was reached:
· There is no standalone RS transmission dedicated to CSI reporting in Rel-16
The CSI-RS is jointly transmitted with the PSSCH. The CSI-RS can be located in the last few symbols of the slot containing PSSCH and occupy the same bandwidth as PSSCH for better channel estimation. Besides CSI reporting, other functionalities related to CSI-RS, e.g., time/frequency tracking and RLM, should also be considered. For SL TRS, the design principle of NR Uu TRS can be the baseline, i.e. being configured as a CSI-RS resource set, and higher density in time and frequency can be considered. In addition, SL CSI-RS can take the NR Uu CSI-RS as the baseline while adopting select features from NR Uu SRS.
Proposal 8: CSI-RS (incl. TRS), transmitted with PSSCH is supported for sidelink transmission.
Other RSs
An explicit AGC training signal for AGC purpose only is not needed. The same principle as LTE-V can be used, i.e. usage of the AGC symbol is left to UE implementation. PT-RS is used for tracking phase variations in NR Uu, especially for FR2. The design of SL PTRS can be based on that of PTRS in NR Uu
Proposal 9: 
· Explicit definition of an AGC training signal is not supported.
· The design of SL PTRS is based on the PTRS design of NR Uu.
More discussion on RS design can be found in our companion contribution [11].
Physical sidelink channels
PSCCH
It was agreed in RAN1#94bis [5] that
· Sidelink control information (SCI) is defined.
· SCI is transmitted in PSCCH.
· SCI includes at least one SCI format which includes the information necessary to decode the corresponding PSSCH.
· NDI, if defined, is a part of SCI.
3.1.1 SCI with associated PSSCH
Aggregation level is the number of control channel elements (CCE) used for a PDCCH. It is a means to perform rate adaptation for the PDCCH. For groupcast, the selection of an aggregation level (AL) depends on the worst radio conditions experienced by the UEs in the group. 
For sensing in mode 2, using different ALs can have a negative impact on the sensing performance. A source UE may select a low AL for PSCCH based on unicast link with the destination UE, but sensing UEs may not be able to decode the PSCCH for this AL. Since sensing is based in part on PSCCH decoding, this affects performance 
Several solutions can be considered to maintain sensing performance:
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 [5], 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. 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 [5].
Proposal 10: 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.
3.1.2 SCI without associated PSSCH
When a PSCCH is not associated with a PSSCH transmission, carrying a SCI format not associated with data, e.g. trigging a CSI report, it should be transmitted in different resources than PSCCHs for associated PSSCH transmission, so that a UE does not need to blind decode the additional SCI format. For example, a standalone PSCCH (as discussed in section 3.3.2) is allocated to a dedicated sub-channel within a sidelink resource pool. 
PSFCH
It was agreed in RAN1#95 [4] that
· 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.
It was agreed in RAN1#94bis [5] that
· 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.
According to the 5G V2X WID [1]:
· In sidelink, CSI is delivered using PSSCH (including PSSCH containing CSI only) using the resource allocation procedure for data transmission.
SFCI conveys ACK/NACK is transmitted in PSFCH. There can be two PSFCH formats to support HARQ feedback, as explained in this section.
3.2.1 Short PSFCH formats
The PSFCH can be mapped to the last OFDM symbol(s) located at the end of a slot, 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 small resources. Hence the resources allocated for PSCCH/PSSCH and associated PSFCH can vary significantly. As shown in Figure 1, there are three alternatives for PSFCH/PSSCH multiplexing: 
· Alt 1: the PSFCH uses exactly the same frequency resources as the associated PSSCH
· Alt 2: the PSFCH uses a portion of the frequency resources of the associated PSSCH
· Alt 3: the PSFCH uses frequency resources not allocated with its associated PSSCH.

[image: ]
[bookmark: _Ref4771454][bookmark: _Ref4511885]Figure 1. Short PSFCH format
Alt.1 is simple and easy for sequence-based ACK/NACK to reuse sub-channel(s) of associated PSSCH. For Alt. 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 2, we may try to re-allocate 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 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. Thus, this solutions increases the control overhead. 
Consequently, we propose to adopt Alt. 1. 
Proposal 11: The short PSFCH is transmitted on sub-channel(s) allocated to its associated PSSCH.
3.2.2 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, and can be FDMed between multiple UEs. This can be viewed as a “long PSFCH format”, mirroring the NR Uu terminology for PUCCH format 1. In this case, since the PSFCH is FDMed with other channels, 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 5 summarizes the characteristics of the long and short PSFCH formats.
[bookmark: _Ref5117314]Table 5 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.)
[image: ]
[bookmark: _Ref4771496][bookmark: _Ref4765610]Figure 2. Long PSFCH format
Consequently, long PSFCH format provides better resource efficiency for transmitting PSFCH conveying ACK/NACK
Proposal 12: Support a long PSFCH format that uses all available OFDM symbols for sidelink in a slot.
3.2.3 Timing between PSFCH and PSSCH
The time relationship between PSSCH and corresponding PSFCH is different according to the PSFCH format. Since the short PSFCH is motivated by services that require low latencies, it should be transmitted in the same slot as its associated PSSCH.
For the long PSFCH format, there is no such requirement. In this case, the timing relationship between long PSFCH format and corresponding PSSCH can be configured/pre-configured, as in Figure 3, where the time difference between PSSCH and PSFCH transmissions can be (pre-)configured on a per resource pool basis, to avoid collisions between UEs within that resource pool.
[image: ]
[bookmark: _Ref536828281]Figure 3. 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
Proposal 13: Time gap between PSFCH and the associated PSSCH is (pre-)confiugred on a per-resource- pool basis.
PSCCH/PSSCH multiplexing
It was agreed in RAN1#95 [4] that:
· 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.
3.3.1 PSCCH and its associated PSSCH multiplexing 
Option 3 achieves the highest resource utilization efficiency among all proposed TDM options. It is beneficial that the duration of PSCCH can be configured to all symbols to provide large PSCCH coverage, as shown in Figure 4. In order to limit the need for blind detection, the duration for PSCCH can be (pre-)configured on a resource pool basis. In addition, PSSCH should start immediately after AGC symbol in time domain, and at a location starting from the lowest RB index of a sub-channel in the frequency domain.
[image: ]
[bookmark: _Ref4766282][bookmark: _Ref4749537]Figure 4. Configuration of PSCCH duration in option 3 PSCCH/PSSCH multiplexing structure
Proposal 14: The duration of PSCCH in option 3 multiplexing structure is (pre-)configured on a per-resource-pool basis. 
· 	The PSCCH duration can be set to all available OFDM symbols for sidelink.
Proposal 15: 
· PSCCH starts immediately after AGC symbol in time domain
· PSCCH starts from the lowest RB index of a sub-channel in the frequency domain.
Moreover, in case of PSCCH scheduling associated PSSCH, the PSCCH and associated PSSCH should always be transmitted within one slot, i.e. PSCCH should not schedule multiple associated PSSCH in multiple slots. Unlike in Uu-link where a PDCCH is unlikely to be interrupted, a sidelink UE is more likely to mis-decode the PSCCH due to UE autonomous operation without coordination of the network as well as half-duplex constraint (e.g. a UE may be scheduled/configured to transmit UL/SL in any slot and hence cannot receive a SCI in that slot, where such a SCI schedules multiple PSSCHs in multiple aggregated slots). Thus mis-decoding of a SCI which schedules associated PSSCHs in multiple aggregated slots results in significant negative impact on overall system performance. However, In case of TFRP-based PSSCH where a SCI does not schedule individual PSSCH, the multiple PSSCH slots can be aggregated together, since such a SCI is associated with the TFRP configuration only.
Proposal 16: A PSCCH and its associated PSSCH are always transmitted in the same slot.
3.3.2 [bookmark: _Ref4832563]Standalone PSCCH multiplexing 
A standalone PSCCH can be used to convey a request for SL CSI report transmissions or any other physical layer signaling not needing a sidelink grant. In order not to require additional blind decodes at receiving UEs, the resources for standalone PSCCH can be separated from resources for PSCCH scheduling PSSCH. The standalone PSCCH can be allocated to all OFDM symbols in time domain and a few RBs (as small as one RB, depend on SCI size) within dedicated sub-channels in a resource pool, i.e. FDMed with other physical channels within a resource pool, as shown in Figure 5.
[image: ]
[bookmark: _Ref4771568]Figure 5. Standalone PSCCH resource multiplexing 
Proposal 17: PSCCH carrying an SCI to trigger feedback, i.e. not scheduling PSSCH, is FDMed with other physical channels.
Bandwidth parts
It was agreed in RAN1 Ad-Hoc 1901 [3] that
· 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.
[bookmark: OLE_LINK22][bookmark: OLE_LINK23][bookmark: OLE_LINK25]For SL BWP, it was agreed that only one SL BWP is configured in a carrier for a NR V2X UE. When the SL BWP is configured, it is active and only can be re-configured. Therefore, there is no procedure to activate/deactivate SL BWP. Furthermore, for SL BWP and UL BWP operation, it includes two active BWP (SL BWP and active UL BWP) and a UE can use either both of them or one of them at a given time. 
Proposal 18: No procedure is defined to activate/deactivate the SL BWP.
In Ad-Hoc 1901, it was agreed that the configuration for SL BWP was separated from the Uu BWP configuration signaling and that the UE was not expected to use different numerology in the configured SL BWP and active UL BWP in the same carrier at a given time. For the same numerology, how to transmit UL and SL for a given UE needs to be investigated. The following two options can be considered: 
· Option 1: a UE can transmit UL and SL simultaneously in the same carrier
· Option 2: a UE can NOT transmit UL and SL simultaneously in the same carrier
For supporting option 1, there is at least one slot shorter delay compared with only supporting option 2. Considering that using downlink symbols for sidelink will cause severe interference, only uplink and flexible symbols can be used for sidelink transmission [8]. For example, as shown in Figure 1 with the typical DL-UL configuration 4:1, if only one of UL transmission and SL transmission can be transmit at a slot, at least 5 slots are gained by option 1 (5ms for 15kHz, 2.5ms for 30kHz, 1.25ms for 60kHz). Therefore, supporting option 1 can significantly decrease latency. With mini-slot data scheduling of option 2, the delay problem is partly avoided, but some additional issues need to be solved, such as increased AGC overhead and TX-RX switching time. In addition, for downlink-heavy configurations (e.g., 4:1), Option 1 keeps all slots available for time domain UL resources. This is illustrated in Figure 6, where 20% of resources can be still used for UL transmission with option 1.
[image: ]
[bookmark: _Ref4771585][bookmark: _Ref3194887]Figure 6. Simultaneous/non-simultaneous UL-SL transmission
On the other hand, option 1 can be easily be done. The gNB can configure the UL BWP and SL BWP to ensure that the UL BWP and resource pool(s) are within the UE’s RF bandwidth. The feasibility analyses are shown in the following Table 6 (e.g., waveform, IBE, and TA) compared with LTE. 
[bookmark: _Ref4832197]Table 6. Analyses of simultaneous transmission of UL and SL.
	Issues
	LTE
	NR V2X
	Analysis

	waveform
	SC-FDM for UL and SL
	OFDM for UL and SL
	no single-carrier problem

	Inband emission between UL and SL
	High power gap between UL Tx and SL Tx
	Pathloss between gNB and UE based power control for UL and SL
	Power control and resource scheduling/selection to avoid in-band emission interference

	Timing advance
	No TA for SL, SL Tx based on DL subframe boundary, there are offset between UL and SL transmission
	Option 1: Same TA as UL  
Option 2: Based on DL slot/subframe boundary
	For 1), UE can transmit UL and SL simultaneously.
For 2), two FFT modules can be used to achieve different TAs, i.e. different slot/subframe boundary.


Proposal 19: Simultaneous transmission on UL BWP and SL BWP in a carrier is supported for a UE when the same numerology is used for both BWPs.
In order to realize the UL transmission and SL transmission by TDM and reduce the UL-SL transmission switching delay to improve the communication performance, zero switching delay should be supported for some cases. For separate Tx chains between UL and SL, there is no RF switching delay. For shared Tx chain, the following two options can be considered to determine zero switching delay between UL transmission and SL transmission.
· Option 1: If the bandwidth from the lowest RB of SL BWP and UL BWP to the highest RB of SL BWP and UL BWP is equal to or smaller than RF bandwidth
· Option 2: If the bandwidth from the lowest RB of configured Tx resource pool(s) and UL BWP to the highest RB of configured Tx resource pool(s) and UL BWP is equal to or smaller than RF bandwidth
For example, as shown in Figure 7, switching delay from UL transmission to SL transmission can be 0 ms.
[image: ]
[bookmark: _Ref3379273]Figure 7. Zero switching delay for UL transmission and SL transmission
Proposal 20: A UL-SL transmission switching time of zero is supported when UL and SL transmissions are:
· In different Tx chains; and/or
· Both within the UE’s RF bandwidth.
Detailed discussion on BWP can be found in [7].
Resource pools
A resource pool is configured within a sidelink BWP, which can be (pre-)configured . However, for some V2X traffic types, such as broadcast transmissions, all UEs must be able to receive the broadcast messages. Consequently, common resource pool(s) needs to be configured, with known numerology and resources. For other types of services relying on unicast/multicast, there is no need for such a restriction, and resource pools specific to the UEs involved can be configured. Note however that since there is one active SL BWP at a time for a UE, the numerology of each resource pool must be the same at a given time, as shown in Figure 6.
[image: ]
[bookmark: _Ref524077996]Figure 6. Common resource pool(s) and dedicated resource pool(s) within an active SL BWP of a UE
Proposal 21: Common resource pools (at least for broadcast communication) and UE-dedicated resource pools (for any type of transmission) can be configured.
Another issue is PRB addressing. If UEs communicating on the sidelink are configured with the same BWP, a common resource pool between the UEs can be configured by addressing with respect to the common BWP. However, if the UEs’ BWPs are different, then PRB addressing with respect to BWP does not work unless all the UEs are aware of each other’s BWPs, which is not practical. One option is to use common resource block (CRB) addressing, which provides an address with respect to the sidelink grid. This option is robust, but imposes a large overhead. It would be preferable to have an indexing that accounts for the sidelink resources properly.
Proposal 22: PRB indexing on the sidelink should be defined with reference to the sidelink resources.
Resource pools in the time domain
At RAN1#96 [2], the following was agreed:
· 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
At RAN1 AdHoc 1901 [3] the following was agreed:
· 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
NR Rel-15 supports slot configuration at the symbol level, mainly targeting for very low latency deployment. This is also applied in NR V2X, where a Uu-sidelink multiplexing is beneficial on achieving lower end-to-end latency requirement in shared licensed carrier mode 1 operation.    
In a Uu-sidelink slot, a subset of consecutive OFDM symbols is available for sidelink, and the remaining symbols can be used for downlink or uplink. There can be two cases for Uu-sidelink multiplexing within a slot, taken into account both latency and overhead for UE switching within a slot:  
Case 1: DL+SL
In this case, the first consecutive symbols can be used for downlink, and the remaining symbols are for sidelink. A source UE can receive PDCCH, and immediately transmit sidelink within the slot according to it. The remaining available sidelink symbols can be used by the source UE to transmit PSCCH and associated PSSCH.
[image: ]
[bookmark: _Ref5110213]Figure 7. (a) A DL + SL multiplexing slot; (b) A DL slot + a SL slot.
This slot configuration (i.e. a DL+SL slot, in Figure 7(a)) allows the fast scheduling of sidelink transmission to achieve lower latency of sidelink transmission, in comparison with the option “a DL slot + a SL slot” (as shown in Figure 7 (b)) in mode 1 dynamic scheduling operation.
The cost of this configuration is the UE switch between receiving DL and transmitting SL, which requires a switching gap. However, this one-symbol length overhead is acceptable to the NR V2X system, given that the supported short PSFCH conveying ACK/NACK at the end of a slot also requires a Tx/Rx switching. Consequently, A DL+SL multiplexing slot does not require additional NR V2X UE capabilities i.e. only one switching within a slot, whilst saving one slot latency, and this is particularly helpful in case of larger SCS (e.g. 60 kHz, 30 kHz ) being configured on sidelink BWP.
Proposal 23: The NR slot configuration allows the first subset of consecutive symbols in a slot to be used for PDCCH carrying a sidelink DCI, and the last subset of consecutive symbols in the slot to be used for PSCCH/PSSCH.
Case 2: SL+UL
In this case, the last symbol(s) can be used for uplink, and remaining, preceding, consecutive symbols are for sidelink. A source UE can immediately ask gNB, e.g. sending a SR-like on PUCCH [13], for sidelink retransmission upon reception of NACK from destination UE within the slot.
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[bookmark: _Ref5110169]Figure 8. (a) A SL + UL multiplexing slot; (b) A SL slot + UL slot
This slot configuration ((i.e. a SL+UL slot, Figure 8(a)) allows the fast retransmission request by the source UE to achieve lowest latency of sidelink retransmission, in comparison with the option “a SL slot + a UL slot” (as shown in Figure 8(b)) in mode 1 dynamic scheduling operation. Consequently, A SL+UL slot saves one slot latency without introducing UE switch within the slot (assuming a sidelink slot always contains a gap symbol at the end of a slot, as in LTE-V).
Proposal 24: The NR slot configuration allows the first subset of consecutive symbols in a slot to be used for PSFCH carrying SFCI, and the last subset of consecutive symbol(s) in the slot to be used for PUCCH e.g. carrying SR.
More discussion on time domain resource, i.e. frame and slot structure, can be found in [8].
Resource pools in the frequency domain
The following has been agreed in [3] for the frequency design of resource pools:
· 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
· 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.)
In this sub-section, we investigate whether a resource pool should always consist of contiguous PRBs.
Non-contiguous sub-channels may result in severe In-Band Emission (IBE) since the PSSCH resources are partitioned into non-contiguous sub-channels, as shown in option 2 of Figure 9. For a UE, at given time, PSSCH resources are more likely to suffer strong interference. For mode 1, this can be partially alleviated by the scheduler, but for mode 2, this interference is more difficult to control. 
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[bookmark: _Ref536603640]Figure 9. Resource pool frequency resources option 1 versus option 2
Hence, we propose the resource pool for PSSCH always consists of contiguous PRBs
Proposal 25: A resource pool for PSSCH always consists of contiguous PRBs.
Resource pool configuration
A cell-specific (pre-)configuration for a resource pool is necessary so that each UE utilizing the resource pool has common configurations, e.g. at least for resource information in time and frequency. 
NR Rel-15 supports slot configuration on symbol and slot levels via cell-/UE-specific signaling, and this can be reused for slot configuration for sidelink. A UE is provided a slot configuration for Uu-link, and then some of 'F' and 'U' symbols/slots of this Uu-link configuration can be overwritten as 'S' symbols/slots for sidelink via cell- and/or UE-specific signaling. In case of a Uu-sidelink slot, the duration of Uu symbols must be known to all UEs in a resource pool via cell-specific signaling. Since dynamic NR sidelink slot configuration is not supported, the gNB must ensure that dynamic configuration on Uu link does not cause UE confusion on sidelink.
A cell-specific slot configuration for sidelink is applied to all UEs on a resource pool basis so that receiving UEs are aware of slot format configuration used by transmitting UEs within the resource pool. Therefore, at a given time, the slot configuration for sidelink transmission, whether in-coverage or partial-coverage, is known to all UEs within a resource pool.
A UE-specific slot configuration on top of a cell-specific slot configuration for sidelink is beneficial in certain cases, e.g. to a pair of UEs participating in unicast and/or a group of UEs participating in groupcast within the resource pool. In this case, gNB can configure such a pair/group of UEs with UE-specific slot configurations. Note that UE-specific configuration may only be available to a pair/group of UEs that are known and RRC-connected to the gNB in mode 1 operation. For example, gNB configures a SL+UL multiplexing slot or re-allocates part of UL resources to SL resources to provide higher priority to such a pair/group of UEs according to QoS requirements of V2X advanced services, and therefore guarantee latency and reliability for these sidelinks.. 
Proposal 26: Uplink and flexible symbols/slots configured on a cell-specific basis can be overwritten as 'sidelink' by cell-/UE-specific signaling on a resource pool basis.
A resource pool should be cell-specific (pre-)configured with frequency domain information.
Proposal 27: A cell-specific (pre)configuration on a resource pool with following parameters:
· Sub-channel size, i.e. number of contiguous RBs in a sub-channel.
· Number of contiguous sub-channels.
Conclusions
This contribution has provided our view on sidelink physical layer structure for NR V2X:
[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]Proposal 1: For PSSCH, both front-loaded DMRS and non-front DMRS are supported.
Proposal 2: For broadcast, the DMRS pattern of PSSCH in time domain is fixed based on the subcarrier spacing.
Proposal 3: For unicast/groupcast, the DMRS pattern in the time domain can be selected from the tables in Table 3 and Table 4.
· Criterion for selecting the DMRS pattern can be based on, at least mobility information provided by the Rx UE through the SL or the Uu link..
Proposal 4: In a resource pool of TFRPs, a DMRS pattern is (pre-)configured for each TFRP.
Proposal 5: For the DMRS pattern of PSSCH in frequency domain, the following DMRS configurations are supported:
· Both NR Rel-15 Type-1 and Type-2 DMRS per a resource pool.
· FDM of DMRS and PSSCH within a symbol.
Proposal 6: The PSCCH DMRS reuses the NR Uu PDCCH design 
Proposal 7: The PSFCH DMRS design uses the NR PUCCH design as a starting point.
· FFS if some modifications are needed.
Proposal 8: CSI-RS (incl. TRS), transmitted with PSSCH is supported for sidelink transmission.
Proposal 9: 
· Explicit definition of an AGC training signal is not supported.
· The design of SL PTRS is based on the PTRS design of NR Uu.
Proposal 10: 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 11: The short PSFCH is transmitted on sub-channel(s) allocated to its associated PSSCH.
Proposal 12: Support a long PSFCH format that uses all available OFDM symbols for sidelink in a slot.
Proposal 13: Time gap between PSFCH and the associated PSSCH is (pre-)confiugred on a per-resource- pool basis.
Proposal 14: The duration of PSCCH in option 3 multiplexing structure can be (pre-)configured on a resource pool basis. 
· 	PSCCH duration can be set to all available OFDM symbols for sidelink.
Proposal 15: 
· PSCCH starts immediately after AGC symbol in time domain
· PSCCH starts from the lowest RB index of a sub-channel in the frequency domain.
Proposal 16: A PSCCH and its associated PSSCH are always transmitted in the same slot.
Proposal 17: PSCCH carrying an SCI to trigger feedback, i.e. not scheduling PSSCH, is FDMed with other physical channels.
Proposal 18: No procedure is defined to activate/deactivate the SL BWP.
Proposal 19: Simultaneous transmission on UL BWP and SL BWP in a carrier is supported for a UE when the same numerology is used for both BWPs.
Proposal 20: A UL-SL transmission switching time of zero is supported when UL and SL transmissions are:
· In different Tx chains; and/or
· Both within the UE’s RF bandwidth.
Proposal 21: Common resource pools (at least for broadcast communication) and UE-dedicated resource pools (for any type of transmission) can be configured.
Proposal 22: PRB indexing on the sidelink should be defined with reference to the sidelink resources.
Proposal 23: The NR slot configuration allows the first subset of consecutive symbols in a slot to be used for PDCCH carrying a sidelink DCI, and the last subset of consecutive symbols in the slot to be used for PSCCH/PSSCH.
Proposal 24: The NR slot configuration allows the first subset of consecutive symbols in a slot to be used for PSFCH carrying SFCI, and the last subset of consecutive symbol(s) in the slot to be used for PUCCH e.g. carrying SR.
Proposal 25: A resource pool for PSSCH always consists of contiguous PRBs.
Proposal 26: Uplink and flexible symbols/slots configured on a cell-specific basis can be overwritten as 'sidelink' by cell-/UE-specific signaling on a resource pool basis.
Proposal 27: A cell-specific (pre)configuration on a resource pool with following parameters:
· Sub-channel size, i.e. number of contiguous RBs in a sub-channel.
· Number of contiguous sub-channels.
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