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Introduction
At the RAN#83 meeting, the work item on NR V2X was approved [1]. The specification of technical solutions for NR sidelink is one of the major work item objective:
	1. NR sidelink: Specify NR sidelink solutions necessary to support sidelink unicast, sidelink groupcast, and sidelink broadcast for V2X services, considering in-network coverage, out-of-network coverage, and partial network coverage.
Support of sidelink signals, channels, bandwidth part, and resource pools [RAN1, RAN2]
Sidelink physical layer procedures as per the study outcome
· HARQ procedures [RAN1, RAN2]
· CSI acquisition for unicast [RAN1]
· CQI/RI reporting is supported and they are always reported together. No PMI reporting is supported in this work. Multi-rank PSSCH transmission is supported up to two antenna ports.
· In sidelink, CSI is delivered using PSSCH (including PSSCH containing CSI only) using the resource allocation procedure for data transmission.


The following agreements were made by RAN1 WG with respect to NR-V2X sidelink physical layer structure at the RAN1#96bis.
	· Polar code adopted for Rel-15 NR DCI is applied to PSCCH.
· LDPC codes used for Rel-15 NR DL-SCH is applied to a transport block delivered by PSSCH.

· The starting symbol and the number of symbols for a PSCCH are assumed to be known to the receiving UE before decoding the PSCCH.

· For the purpose of evaluation of PSCCH design, RAN1 assumes 60 bits, 90 bits, 120 bits as the total SCI sizes including 24 bits CRC.
· Other sizes are not precluded.

· QPSK is used for PSCCH.
Working assumption:
· Transmission of 1 TB with up to 2 layers in a PSSCH is supported.
· At least for transmission perspective of a UE in a carrier, at least TDM between PSCCH/PSSCH and PSFCH is allowed for a PSFCH format for sidelink in a slot.
· FFS the details of the corresponding PSFCH format
· FFS whether it is also applicable from system/resource pool perspective or not
· i.e., in this case, there is no simultaneous transmission of PSCCH and PSFCH and there is no simultaneous transmission of PSSCH and PSFCH.
· FFS FDM between PSCCH/PSSCH and a PSFCH format which uses last symbol(s) available for sidelink in a slot 
· FFS TDM/FDM between PSCCH/PSSCH and other PSFCH format(s), if supported, which is/are different from the PSFCH format which uses last symbol(s) available for sidelink in a slot


In this contribution, we continue discussion on sidelink physical layer structure for NR V2X. Our views on other NR-V2X design aspects are summarized in our companion contributions [9] to [13]. The discussion is currently mainly focusing on Frequency Range 1 (FR1), since according to the WID description [1], “NR sidelink in FR2 is supported by applying the design for FR1”.
Implementation Specific Considerations
 AGC and TX-Rx Switching gap
According to the RAN4 WG reply in [2], so far there is no convergence on AGC settling time for sidelink. Two options were identified:
Option 1: AGC time:  35us for all SCS 
Option 2: AGC time:  35us for 15kHz SCS;  18us for 30kHz SCS;  9us for 60kHz SCS
In our view, dependency of AGC settling time on SCS is not well justified and therefore for sidelink physical layer design we assume Option 1 in this contribution which corresponds to one symbol with 30 kHz SCS. 


· Subject to a future RAN4 reply, AGC settling time may be further refined and SCS specific optimizations may be needed to optimize slot structure for NR-V2X sidelink communication

Below, we present options of sidelink physical layer structure for NR V2X communication in FR1 for 15, 30 and 60 kHz SCS (considering two types of slot with and w/o PSFCH):




Figure 1: Sidelink slot physical structure

We notice that for slots with PSFCH, the additional OFDM symbol can be saved for PSCCH/PSSCH or PSFCH if instead of using one symbol for TX-RX switching, the actual TX/RX switching time according to RAN4 requirements is allocated.

Proposal 1: 
· Optimize physical structure for sidelink slot with pre-configured PSFCH by reducing time interval for TX-RX switching from one symbol to half-symbol (or less) in order save extra symbol for PSSCH.
· Support optimizations for 15kHz and 30kHz SCS

PSCCH Physical Structure
PSCCH / PSSCH Multiplexing
According to the LS reply from RAN4 in [3], if the PRB allocation or the number of transmit antennas is changed between the transmissions in consecutive OFDM symbols, a gap period is needed. The SL should follow the same constraints as for the UL transmissions described in 1 Section 6.3.3. For PSCCH according to Option 3 PSCCH/PSSCH multiplexing, avoiding a transition period the following conditions need to be satisfied:
The combined bandwidth of PSCCH and PSSCH must be the same as PSSCH bandwidth in symbols w/o PSCCH
The same antennas need to be used for the transmission of the PSCCH and the PSSCH

Proposal 2: 
· Confirm working assumption to use only Option 3 for PSCCH/PSSCH multiplexing

PSCCH Resource Allocation
Considering that 35us may be needed for AGC settling time, the sidelink slot should not start from PSCCH or the first symbol of the slot should be a copy of PSCCH transmission in other symbols. It leads us to the conclusion that starting position of the PSCCH in slot should be a configurable parameter or predefined based on SCS settings.
Another important aspect of the PSCCH is the granularity of the resources allocated to each SCI. In Figure 2, we compare the coverage of the LTE PSCCH to our design of the NR PSCCH. For the calculation of the coverage we used the UE parameters from 1. Due to the 3 dB power boosting for the LTE PSCCH the coverage is better than the NR PSCCH with Option 3. All additional simulations assumptions are given in Table 1, Annex A. 
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[bookmark: _Ref4757110]Figure 2: LTE and NR PSCCH coverage comparison. 


· In order to achieve the same coverage with LTE PSCCH, either two times more REs or boosting of PSCCH and PSSCH on PRBs shared for transmission of two channels while keeping the same number of REs are necessary for the NR PSCCH

Based on observation above we see the following alternatives for NR-V2X control channel design:
· Alternative 1: M = 7 and N = 4, where M number of consecutive symbols and N number of PRBs and 3dB boosting of PSCCH and PSSCH on shared PRBs. In case of boosting, MCL performance of PSCCH will be similar to LTE.
· Alternative 2: M = 7 and N = 8, where M number of consecutive symbols and N number of PRBs
· Alternative 3: M = 13 and N = 2 (in case of ECP M = 11)
Analyzing above options, we consider Alternative 1 as a good tradeoff in terms of latency, peak rate and coverage for NR-V2X communication and can be even more superior comparing to LTE PSCCH Format.

Proposal 3: 
· PSCCH format is described by physical structure composed of M consecutive symbols and N PRBs
· Further study values of M and N considering SCI size and support of 2-stage SCI
· Consider the following option as a viable candidate for NR PSCCH format: M = 7 and N = 4 and PSCCH/PSSCH boosting of 3dB that may be applied depending on PSSCH allocation size
· PSCCH sub-channel is allocated within PSSCH sub-channel starting from the l-th symbol of slot
· 	FFS value of l

Pre-configured relationship between PSCCH and PSSCH sub-channels is desirable from system perspective in order to simplify sensing and resources selection as well as address collisions problem. Two examples for such a (pre)-configured allocation of the PSCCH within a sub-channel are shown in Figure 3.

Proposal 4: 
· Define the PSCCH to have (pre)-configured location inside of configured PSSCH sub-channel
· Study further whether the number of PSCCH symbols and PRBs as well as starting position in time and frequency is a function of PSSCH sub-channel configuration



[bookmark: _Ref5153126]Figure 3: Two examples how the PSCCH could be allocated in a sub-channel size of 10 PRBs.

PSCCH DMRS
For the DMRS pattern of PSCCH, a modified version of the PDCCH DMRS should be used. The structure in Figure 4 shows how the DMRS are allocated within the PSCCH REs. In order to cope with possible collisions a cyclic shift of the base sequence is introduced. The selection of the base sequence needs to be randomized, possibly based on the addition of available information like geo-location, for example.
The DMRS symbols are QPSK symbols drawn from the same PN sequence as in the PDCCH can be used. 


[bookmark: _Ref1130064]Figure 4: PSCCH DMRS structure in one format 1 allocation.
In order to enable multiple decoding per PSCCH, different cyclic shift (CSs) can be used. In order to check performance, we compared the performance of detecting the CS with the case when cyclic shift is known, which is identical to the complete knowledge of the DMRS (Figure 5 left). All simulation assumptions are documented in Table 1, Annex A. There is no performance degradation observed, for the case of applying a CS to the DMRS in noise and interference limited scenarios. In the right part of Figure 5, a performance comparison in an interference scenario is shown. In both cases, there is a colliding transmission within the same sub-channel. The average receive power from the second transmission is 3 dB below the original transmission. The interfering transmission is treated as coloured noise in the receiver. It is important to also mention that there is a 1 us time offset between both transmissions. In the blue curve, the transmissions have a different CS of the DMRS and thus, due to the orthogonality, there is no error floor observed. In the red curve, the systems employ a different initialization of the PN generator, thus having different DMRS sequence. Since these are not fully orthogonal, an error floor is observed. In order to benefit from the advantage of having multiple transmit antennas, transparent transmit diversity schemes should be used for the PSCCH.


[bookmark: _Ref4678387]Figure 5: BLER for the case of known and detected CS (left) and in the case of a collision with the transmission of another device (right).
It is possible that PSSCH transmissions from one device collide with PSCCH from another device. From a system level and sensing perspective it is important to receive the PSCCH. Thus, the PSSCH can take the following measures to improve the performance of a possibly colliding PSCCH transmission:
Rate matching across REs allocated for DMRS of the PSCCH
Rate matching considering all resource (pre)-configured to be used for the PSCCH. This option will have transition period for Option 3 of PSCCH / PSSCH multiplexing and thus is not desirable.
As for the case of rate matching around the DMRS, there would be only interference at the data symbols, additional known symbols (e.g. zero power) to facilitate interference measurements may be needed. These aspects may require further analysis in RAN1 for future meetings.

Proposal 5: 
· Design the PSCCH DMRS based on the PDCCH DMRS with the following modifications
· Introduce a randomized Cyclic Shift (CS) to orthogonalize PSCCH transmissions that are possibly colliding with other transmissions
· Introduce a frequency shift of the DMRS in the second OFDM symbol of a PSCCH relative to the first symbol

PSCCH Transmission Scheme
As for PSCCH transmission scheme, transparent schemes should be considered with the higher priority vs non-transparent transmit diversity schemes. The rank-1/single port PSCCH transmission should be a priority for analysis, given that it reduces complexity and more robust to interference. In addition, non-transparent TX diversity schemes may preclude single port transceiver design which is not desirable. The PRB bundling size for precoder cycling needs to be chosen to have no impact on the demodulation performance. Applicability of pre-coder cycling for control channel may depend on overall physical structure for PSCCH.

Proposal 6: 
· Single port transmission scheme is used for the PSCCH 

PSCCH SCI Encoding and Support of Two-Stage SCI
It is currently being debated whether single-stage or two-stage SCI or both are needed for NR V2X. The main motivation for introducing two-stage SCI is two-fold:
Support of mix of cast types. It is already clear that different cast types require different sets of SCI fields. Due to sensing procedure based on SCI decoding, all UEs should be able to decode at least a part of SCI information. Therefore, having single-stage design all SCI should be size-matched. Furthermore, it is also clear that groupcast and unicast may require substantially more SCI payload due to HARQ and CSI procedures, therefore size-matching for all cast types would be extremely inefficient. Having a first stage for the purpose of sensing and a second stage for the purpose of PSSCH demodulation and HARQ/CSI procedures would solve this issue.
Forward compatibility. Future supported UEs may require new SCI content (e.g. advanced MIMO support). However, these SCI also need to be decoded by legacy UEs for sensing procedures. Therefore, it should be supported that either reserved bits are available for forward compatibility or a second stage customized to a given purpose/release is introduced. Reserved bits may not serve all potential enhancements since the size should be fixed.
Based on the discussion above, it is proposed to pursue two-stage SCI design where the first stage carries at least all information required for sensing procedure and a pointer to the second stage SCI. The second stage SCI carries at least information needed to decode PSSCH. As a complimentary solution, reserved bits and potential configurability of total SCI size may be introduced.

Proposal 7: 
· The first stage carries at least all information required for sensing procedure and a pointer to the second stage SCI
· The second stage SCI carries at least information needed to decode PSSCH

The physical structure of the two stages should be similar except the following:
Physical format of the first stage is known to a UE before blind decoding, while the physical format (e.g. AL) of the second stage may be determined from the content of the first stage.
Time-frequency location of a given candidate of the first stage is known to a UE before blind decoding, while time-frequency location of the second stage may be determined from the first stage explicitly/implicitly.
Link budget of first-stage + second-stage should be comparable to LTE PSCCH.
The second stage may be decodable by only certain UEs monitoring given DST ID. This implies possibility to scramble CRC of the second stage with the DST ID.

Proposal 8: 
· Physical format of the second stage is determined from the content of the first stage
· Time-frequency location of the second stage is determined from the first stage

PSSCH Physical Structure
PSSCH Transmission Scheme
For a relative speed of as low as 36 km/h the coherence time for the small scale parameters of the channel is about 5 ms. Therefore, the small scale properties of the channel change too fast to acquire, share and use the instantaneous channel information to enable coherent combining, thus closed loop MIMO schemes based on PMI feedback were precluded in the first release of NR-V2X.
The large scale parameters will change less frequently. However, to acquire this large scale parameters of the system, an averaging of different channel realization is necessary. In Figure 6, we compare performance of different transmit diversity schemes. The corresponding simulation assumptions can be found in the Annex A – Simulation assumptions, Table 3. From the results in Figure 6, we see that in the case of perfect channel knowledge (PCE), the theoretically optimal SFBC scheme outperforms the transparent transmit diversity schemes. However, as soon as MMSE based channel estimation is used, the performance of SFBC becomes worse than transparent transmit diversity schemes. The non-transparent scheme also have clear disadvantage that multiple orthogonal antenna ports need to be handled. Given that, there is no clear benefit of using non-transparent transmit diversity schemes, the transparent schemes should be considered with higher priority.


[bookmark: _Ref976968]Figure 6: Comparison of different transmit diversity schemes: SFBC, Precoder Cycling (PC), CDD with perfect channel knowledge (PCE) and MMSE based channel estimation.

Proposal 9: 
· For PSSCH, use pre-coder cycling based open loop transmission schemes

PSSCH DMRS
According to the WID [1] NR-V2X should support up to two DMRS antenna ports available for each user, which is motivated by support of spatial multiplexing. Additional orthogonal DMRS ports need to be available in order to resolve potential collisions. Since the transmission from one device does not have a timing offset a Cyclic Shift should be used to orthogonalize the antenna port of multiple users. To generate additional orthogonal ports, a combination of a cyclic shift and TD-OCC or FDM can be used to generate two orthogonal ports for each of the four different devices. The selection of which UE transmit in which antenna ports can be based on the SCI content or other information like geo-location. It is also important to mention that the spacing in time-frequency direction need to also account for the time-frequency offset estimation. 
The simulations results in Figure 8 show that there is substantial performance improvement possible, when optimized DMRS patterns are used. The corresponding simulations parameters and assumptions are summarized in Table 2. For analysis, we have used the DMRS patterns in Figure 7 but any similar option can be applicable.
In [8], it was described that the system could benefit from an adaptation of the DMRS dependent on the knowledge about the movement speed. As shown in Figure 8 for many different scenarios the adaptation of the time direction has only a limited impact on the performance and is always comparable or even outperformed by the pattern presented in Figure 7. In [8] it was also mentioned that for 60 kHz SCS for low speed it would be possible to only allocated one front-loaded symbol. In our work, we found that for this case the frequency offset estimation may leads to non-decodable performance. Since our 60 kHz pattern is the same as NR Type I CP-OFDM DMRS with two symbols the proposal for 60 kHz is the same and thus the simulation don’t show any difference.


[bookmark: _Ref5048653]Figure 7: Per SCS optimized DMRS patterns. 



[bookmark: _Ref7729221]Figure 8: Performance comparison with optimized DMRS patterns.

Proposal 10: 
· For SCI and corresponding rank 1 PSSCH in the same sub-channel assume the PSCCH and the PSSCH antenna port are identical 
· Single optimized DMRS pattern is defined per SCS
· The DMRS antenna ports in the case of spatial multiplexing from one user are orthogonalized with a cyclic shift. 
· FDM in combination with a cyclic shift is used to orthogonalize the DMRS from different users
· To enable PSSCH transmission within the OFDM symbol(s) possibly corrupted by AGC adaptation, assume that for rank 1 PSSCH transmissions the antenna port used for PSCCH and PSSCH transmission are the same.

Sidelink CSI-RS
Sidelink CSI-RS was agreed for sidelink CSI acquisition. There are multiple challenges for sidelink link adaptation:
The environment and channel change very fast due to the high mobility of vehicles
Interference level may change significantly across slots and frequency sub-channels
Overall gain from sidelink link adaptation is not obvious
Since CSI-RS need to be confined inside the region allocated for the PSSCH, which is used for data transmissions, the presence of CSI-RS need to be dynamically signalled. From PSCCH performance study, we observed that it is quite challenging to achieve the same coverage as the LTE V2X PSCCH, especially considering that an increased SCI size is likely to be introduced. A possible CSI-RS resource configuration is aligned between different devices during the unicast/groupcast connection setup. 

Proposal 11: 
· CSI-RS transmission is confined within the resource allocated to the PSSCH
· Support for CSI-RS not mandatory
· Don’t allow CSI-RS allocation that overlap with possible PSCCH transmissions
· CSI-RS resource configuration is provided during unicast/groupcast connection setup
· Presence of specific CSI-RS resource configuration is signaled in SCI

PSFCH Physical Structure
PSFCH Resource Allocation

RAN1 already agreed that the PSFCH should be transmitted in the last available sidelink symbols within a slot and at least in a TDM fashion with PSCCH/PSSCH. There are four combinations of PSCCH/PSSCH Tx or Rx, and PSFCH Tx or Rx as depicted in  Figure 9 for multiplexing of PSCCH/PSSCH Option 3.


[bookmark: _Ref7792573]Figure 9: Different combinations a UE can experience whether PSCCH/PSSCH and PSFCH are transmitted or received in a certain slot for multiplexing of PSCCH/PSSCH Option 3.
Before the transmission or reception of the PSFCH there should be some time gap to allow the Tx/Rx or Rx/Tx switching whenever a UE needs to transmit PSCCH/PSSCH and receive PSFCH or vice-versa. To accommodate the switching time, a time gap needs to be included before and after the PSFCH symbol(s). In addition to that, the receiver of the PSFCH needs time until its AGC is settled. To allow the AGC to settle when receiving the PSFCH, a repetition of the PSFCH in two symbols carrying the same information may be employed. In this way, a first possibility is that the PSFCH is transmitted in last two available sidelink symbols within a slot with one symbol gap before PSFCH as depicted in  for multiplexing of PSCCH / PSSCH Option 3 and long PSSCH.


Figure 10: Slot structure including a two-symbol PSFCH, long PSSCH, Option 3, AGC distorted symbol and Tx/Rx or Rx/Tx gaps.

An alternative format to be considered is for the case where the Tx/Rx resp. Rx/Tx switching time is shortened w.r.t. to the symbol duration. In this case, a second possibility is that the PSFCH is transmitted in last two available sidelink symbols within a slot with only half symbol gap before and after the PSFCH as depicted in Figure 11 for multiplexing of PSCCH / PSSCH Option 3 and long PSSCH. With this alternative one additional PSSCH symbol can be transmitted, for example.


[bookmark: _Ref7732768]Figure 11: Slot structure including a two-symbol PSFCH, long PSSCH, Option 3, AGC distorted symbol and half symbol Tx/Rx or Rx/Tx gaps.

It is worth noting that the gap before or after the PSFCH can be shorter in duration than half a symbol.
In addition to that, we assume that the allocation of the PSFCH symbols is not performed from a UE perspective, which would increase the overhead in the PSCCH, but it is allocated from a system perspective as a pre-configuration.
Based on the above, the following first proposal for the slot structure including PSFCH should be considered by RAN1:

Proposal 12: 
· PSFCH is transmitted in the last two available SL symbols in a slot with one or a half symbol gap before and after PSFCH
· PSFCH is allocated from system perspective and not from UE perspective

As a special case, for 60 kHz subcarrier spacing in FR1, the time spent for AGC adaptation may require two symbols, therefore, the total duration of three PSFCH symbols may be used, as illustrated in Figure 12. This would be the case, for example, for Option 1 from RAN4, which assumes a settling time of maximum 35us. In case of FR2, assuming AGC takes 1-symbol of 60 kHz, the PSFCH may last two symbols in 60 kHz and 3 symbols in 120 kHz sub-carrier spacing.


[bookmark: _Ref7792872]Figure 12: Slot structure including a three-symbol PSFCH, long PSSCH, Option 3, AGC distorted symbols and Tx/Rx gaps.

Consequently, the following additional proposal should be considered by RAN1:

Proposal 13: 
· For 60 kHz SCS in FR1, PSFCH is transmitted in the last three available SL symbols in a slot with one of half a symbol gap before PSFCH

In our contribution on physical layer procedures for NR V2X sidelink communications [13], we discuss the timing relations and periodicity of PSFCH resources. We proposed periodic PSFCH resources every one, two or four slots, where the periodicity variable is denoted as N. 
Assuming the largest PSFCH periodicity of N = 4, a single UE might need to multiplex up to four HARQ-ACK bits in a single PSFCH. Therefore, the PSFCH resource should be able to carry up to N HARQ-ACK bits ranging from 1 to N.
Those bits may be mapped into Constant Amplitude Zero Autocorrelation (CAZAC) sequences that will be allocated in time-frequency resources similar to PUCCH format 0.
Under the assumptions of single TB for rank-2 transmission and possibility to multiplex feedbacks from one, two and four slots, the following PSFCH design can be used:
For 1-2 bit PSFCH, the corresponding PUCCH format 0 design may be re-used with sequence mapping to 1 PRB.
For 4-bit PSFCH, a sequence is mapped to 2 PRBs. For example, it may be a concatenation of two PUCCH format 0, or a new format using length-24 sequences.

Proposal 14: 
· A single PSFCH carries up to four HARQ-ACK bits
· For one and two HARQ-ACK bits, NR PUCCH format 0 is reused with two and four phase shifts, respectively
· For four HARQ-ACK bits, a 2 PRB sequence with phase shifts is used

In addition to that, the two PSFCH symbols are constructed by repeating the one-symbol PSFCH that contains the one, two or four HARQ-ACK bits, which leads to the further proposal:

Proposal 15: 
· The two PSFCH symbols are constructed by repetition of one-symbol PSFCH for one, two and four bits

PSFCH should also carry full information or partial information about the ID of the source of PSCCH/PSSCH to be acknowledged, for example L1 UE source ID. The source ID may be used to determine PSFCH sequence and/or PSFCH resource allocation in frequency, i.e. PSFCH Resource ID can be a function of a binary representation of the source ID.

Proposal 16: 
· PSFCH sequence and resource within a sub-channel is a function of the source UE ID

Alternatively, instead of mapping the HARQ-ACK bits into sequences, such as used in PUCCH Format 0, they can be mapped into PUCCH Format 2. In this case more than four bits can be conveyed by the PSFCH. However, in Format 2, SCI will need to be coherently demodulated and DMRS symbols need to be included in the PSFCH. In order to achieve a similar or better performance than PSCCH, the same DMRS structure can be used in both channels.

Proposal 17: 
· Further study if more than 4 bits are supported by PSFCH and whether PUCCH Format 2 is introduced to handle payload of more than 4 bits

Sidelink Resource Pool and BWP Considerations
Discussion on NR Sidelink BWP
In January 2019, during RAN1 AH the support of BWPs was discussed with the following agreements made by RAN1 WG.
	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
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


Regarding the above agreement, we have the following proposal:

Proposal 18: 
· Timescale for switching b/w UL and SL BWPs should be clarified with RAN4
· In TDD,
· 	SL BWP, UL BWP and DL BWP have the same center frequency
· In FDD,
· Either SL BWP is allocated inside of UL BWP or UL BWP is allocated inside of SL BWP
· FFS if center frequency of SL-BWP and UL-BWP should be aligned

Discussion on NR Sidelink Resource Pools
As the resources pools for NR-V2X serve a similar function as for LTE V2X their definition should be similar. Therefore, similar to LTE-V2X the smallest resource pool time granularity should be a slot. There were two options for the frequency location of the resource pools discussed. These are the options to only allow continuous PRBs per resource pool (option 1) or also consider discontinuous allocation (option 2). We think that the special case of allocating discontinuous PRBs can be covered by allocating multiple resource pools with continuous PRBs. Therefore, we think option 2 is implicitly covered by option 1 and thus does not need to be further considered.

Proposal 19: 
· The smallest resource pool granularity in time should be a slot 
· Resource pools should only consists of contiguous PRBs (Option 1) 

Discussion on NR Sidelink Sub-channels
Each resource pool should consist of multiple sub-channels. The size of the sub-channels should be chosen according to the typical size of a message. As we mention in the preceding paragraphs of this work the PSCCH resources should be (pre)configured per sub-channel, this leads to the requirement of each device to attempt to decode the control channel in each sub-channel. Therefore, the number of sub-channels need to also account for the device capability in blind decoding attempts of PSCCH. 


· The sub-channel size should be selected taking into account:
· Typical message size
· UE PSCCH blind decoding capability

The PSCCH has to always be inside one of the sub-channels occupied by the corresponding PSSCH. In addition each device cannot be assumed to have a prior knowledge if there is a transmission in each sub-channel. Therefore, each device has to attempt a PSCCH detection in each sub-channel. However, from the interference resolution perspective it is of benefit, if the situation that a PSCCH collided the PSSCH transmission of another device, can be avoided. Assuming a similar typical allocation size of the PSSCH (in terms of sub-channels) it is thus of benefit to have the PSCCH allocated to the same sub-channel (assuming a fully overlapping PSSCH transmission).


· To improve the collision resolution (pre)configure the PSCCH sub-channel allocation for each PSSCH allocation size

Conclusions
In this contribution, we provided our views on sidelink physical structure for NR V2X communication. In general, we observe that sidelink physical structure discussion is also dependent on sidelink resource allocation and therefore many of physical layer aspects should be discussed jointly with resource allocation framework. In summary, we have following proposals:


Proposal 1: 
· Optimize physical structure for sidelink slot with pre-configured PSFCH by reducing time interval for TX-RX switching from one symbol to half-symbol (or less) in order save extra symbol for PSSCH.
· Support optimizations for 15kHz and 30kHz SCS
Proposal 2: 
· Confirm working assumption to use only Option 3 for PSCCH/PSSCH multiplexing
Proposal 3: 
· PSCCH format is described by physical structure composed of M consecutive symbols and N PRBs
· Further study values of M and N considering SCI size and support of 2-stage SCI
· Consider the following option as a viable candidate for NR PSCCH format: M = 7 and N = 4 and PSCCH/PSSCH boosting of 3dB that may be applied depending on PSSCH allocation size
· PSCCH sub-channel is allocated within PSSCH sub-channel starting from the l-th symbol of slot
· 	FFS value of l
Proposal 4: 
· Define the PSCCH to have (pre)-configured location inside of configured PSSCH sub-channel
· Study further whether the number of PSCCH symbols and PRBs as well as starting position in time and frequency is a function of PSSCH sub-channel configuration
Proposal 5: 
· Design the PSCCH DMRS based on the PDCCH DMRS with the following modifications
· Introduce a randomized Cyclic Shift (CS) to orthogonalize PSCCH transmissions that are possibly colliding with other transmissions
· Introduce a frequency shift of the DMRS in the second OFDM symbol of a PSCCH relative to the first symbol
Proposal 6: 
· Single port transmission scheme is used for the PSCCH 
Proposal 7: 
· The first stage carries at least all information required for sensing procedure and a pointer to the second stage SCI
· The second stage SCI carries at least information needed to decode PSSCH
Proposal 8: 
· Physical format of the second stage is determined from the content of the first stage
· Time-frequency location of the second stage is determined from the first stage
Proposal 9: 
· For PSSCH, use pre-coder cycling based open loop transmission schemes
Proposal 10: 
· For SCI and corresponding rank 1 PSSCH in the same sub-channel assume the PSCCH and the PSSCH antenna port are identical 
· Single optimized DMRS pattern is defined per SCS
· The DMRS antenna ports in the case of spatial multiplexing from one user are orthogonalized with a cyclic shift. 
· FDM in combination with a cyclic shift is used to orthogonalize the DMRS from different users
· To enable PSSCH transmission within the OFDM symbol(s) possibly corrupted by AGC adaptation, assume that for rank 1 PSSCH transmissions the antenna port used for PSCCH and PSSCH transmission are the same.
Proposal 11: 
· CSI-RS transmission is confined within the resource allocated to the PSSCH
· Support for CSI-RS not mandatory
· Don’t allow CSI-RS allocation that overlap with possible PSCCH transmissions
· CSI-RS resource configuration is provided during unicast/groupcast connection setup
· Presence of specific CSI-RS resource configuration is signaled in SCI
Proposal 12: 
· PSFCH is transmitted in the last two available SL symbols in a slot with one or a half symbol gap before and after PSFCH
· PSFCH is allocated from system perspective and not from UE perspective
Proposal 13: 
· For 60 kHz SCS in FR1, PSFCH is transmitted in the last three available SL symbols in a slot with one of half a symbol gap before PSFCH
Proposal 14: 
· A single PSFCH carries up to four HARQ-ACK bits
· For one and two HARQ-ACK bits, NR PUCCH format 0 is reused with two and four phase shifts, respectively
· For four HARQ-ACK bits, a 2 PRB sequence with phase shifts is used
Proposal 15: 
· The two PSFCH symbols are constructed by repetition of one-symbol PSFCH for one, two and four bits
Proposal 16: 
· PSFCH sequence and resource within a sub-channel is a function of the source UE ID
Proposal 17: 
· Timescale for switching b/w UL and SL BWPs should be clarified with RAN4
· In TDD,
· 	SL BWP, UL BWP and DL BWP have the same center frequency
· In FDD,
· Either SL BWP is allocated inside of UL BWP or UL BWP is allocated inside of SL BWP
· FFS if center frequency of SL-BWP and UL-BWP should be aligned
Proposal 18: 
· The smallest resource pool granularity in time should be a slot 
· Resource pools should only consists of contiguous PRBs (Option 1) 
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[bookmark: _Ref5038804]Annex A – Simulation assumptions
[bookmark: _Ref535007133]Table 1: PSCCH simulations assumptions
	Parameter
	Value

	SCI Size 
	32 bit + 16 bit CRC for LTE, 60 bits for NR (including 24 bit CRC)

	PSCCH FEC
	DL Polar code for NR, TBCC for LTE

	PSCCH allocation
	2 PRB (with 3 dB power boosting) for LTE

	Channel model
	CDL Urban LOS, NLOS with 120 km/h according to 1

	Carrier frequency
	5.9 GHz

	Modulation format
	QPSK

	SCS
	30 kHz (15 kHz for the LTE NR comparison)

	Channel Estimation
	MMSE based on ideal knowledge of Doppler-delay statistics

	Tx antenna configuration
	2 cross polarized antennas

	Rx antenna configuration
	4 antennas with 2 polarizations

	Transmit diversity
	Precoder cycling in frequency and time direction

	EVM
	No EVM is applied

	UE receiver algorithm
	MMSE

	AGC settling time
	1 OFDM symbol (Current LLS assumption, currently waiting till final guidance from RAN4 is available)

	Tx/Rx switching gap
	1 OFDM symbol


[bookmark: _Ref5048604][bookmark: _Ref974780]Table 2: PSSCH DRMS simulations assumptions
	Parameter
	Value

	Relative speed
	0-500 km/h

	Channel model 
	V2X CDL Urban LOS/NLOS

	Rx Antennas
	4

	Tx Antennas
	2

	Waveform
	OFDM

	RBs
	10

	Carrier Frequency
	5.9 GHz

	SCS
	15, 30, 60kHz

	MCS (table 1)
	0, 5, 9, 10, 13, 16, 17, 20, 24

	Precoding
	Precoder cycling 

	Frequency sync. error
	0.1 ppm

	Time sync. Error
	1 us


[bookmark: _Ref5046711][bookmark: _Ref5046676]Table 3: Tx diversity simulation assumptions. 
	Parameter
	Value

	Relative speed
	120 km/h

	Channel model 
	V2X CDL Urban LOS/NLOS

	Rx Antennas
	4

	Tx Antennas
	2

	Waveform
	OFDM

	RBs
	25

	Carrier Frequency
	5.9 GHz

	Modulation format
	16 QAM, 64 QAM

	SCS
	30 kHz

	Code rate
	0.5

	Tx Diversity Schemes
	SFBC, CDD, Precoder cycling, CDD + Precoder cycling

	Channel Estimation
	Ideal knowledge, MMSE based

	DMRS
	NR CP-OFDM type I DMRS on symbols 3 and 10 with 1 and 2 ports (2 ports only for SFBC)
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