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[bookmark: _Ref534820708]Introduction
The Rel.16 work item on 5G V2X with NR sidelink [1] was finalized at the latest RAN1#99 meeting [2] by reusing the NR Uu design and/or LTE sidelink design to the greatest extent possible in order to expedite the completion of the V2X work. Nevertheless, some open issues still remain, part of which are summarized in [3].
In this contribution, we give our view on some remaining aspects of sidelink physical layer design.

Discussion
DMRS for PSSCH
On frequency domain DMRS patterns density 
The following issue is open since RAN1#97 [4] when following working assumption was reached for DM-RS design:
Working assumption:
· [bookmark: _Toc9437800]Rel-15 PDSCH DMRS Configuration type 1 and/or type 2 are reused for frequency-domain pattern of PSSCH DMRS.
· [bookmark: _Toc9437801]FFS whether to support either one or both types
· [bookmark: _Toc9437802]FFS details on multiplexing of different ports for PSSCH DMRS

For NR Uu link, DM-RS patterns have different frequency domain densities. Type 1 is denser in the frequency domain, while type 2 relaxes the frequency-domain density to acquire larger multiplexing capacity. The rationale of this double design is the support for multi-user MIMO. RS type configuration in Uu link is done per bandwidth part. 
For sidelink, if only one DMRS type was to be supported, we slightly prefer type 2 DMRS configuration since it has a lower overhead than type 1. Having both supported would give some more flexibility.
[bookmark: _Toc20839798][bookmark: _Toc20922570][bookmark: _Toc20922724][bookmark: _Toc20922756][bookmark: _Toc20922788][bookmark: _Toc20922908][bookmark: _Toc20936572][bookmark: _Toc20936659][bookmark: _Toc20936695][bookmark: _Toc21102279][bookmark: _Toc24044335][bookmark: _Toc24044680][bookmark: _Toc24047792][bookmark: _Toc24108895][bookmark: _Toc24112318][bookmark: _Toc24112380][bookmark: _Toc32588794][bookmark: _Toc32594172][bookmark: _Toc32595442][bookmark: _Toc32598945][bookmark: _Toc32599003][bookmark: _Toc32599150][bookmark: _Toc32599175][bookmark: _Toc32599217][bookmark: _Toc32599456]Proposal 1: For PSSCH DM-RS, support both type 1 and type 2 DM-RS at specification level. Only one DM-RS type is used in a resource pool at a given time (e.g., (pre)configurable or implicitly depending on the maximum number of time-domain DM-RS symbols (pre)configured for the given pool)

In sidelink communications, where there is no need for MU-MIMO multiplexing, the large multiplexing capacity is not a performance criterion, hence it is not necessary that a UE uses/reserves all CDM groups. For a given UE, REs corresponding to CDM groups not used by PSSCH DM-RS should be always used for PSSCH data. For single-layer transmission, a UE may autonomously choose which port of a CDM group to use for transmission, and in this case the port must be signaled in the SCI. Otherwise, the port is to be chosen in a deterministic way (e.g. based on source or destination ID) and no further signaling is necessary.
[bookmark: _Toc20922571][bookmark: _Toc20922725][bookmark: _Toc20922757][bookmark: _Toc20922789][bookmark: _Toc20922909][bookmark: _Toc20936573][bookmark: _Toc20936660][bookmark: _Toc20936696][bookmark: _Toc21102280][bookmark: _Toc24044336][bookmark: _Toc24044681][bookmark: _Toc24047793][bookmark: _Toc24108896][bookmark: _Toc24112319][bookmark: _Toc24112381][bookmark: _Toc32588795][bookmark: _Toc32594173][bookmark: _Toc32595443][bookmark: _Toc32598946][bookmark: _Toc32599004][bookmark: _Toc32599151][bookmark: _Toc32599176][bookmark: _Toc32599218][bookmark: _Toc32599457]Proposal 2: For a given UE, REs corresponding to CDM groups not used by PSSCH DM-RS are used for PSSCH data.

[bookmark: _Ref15072336]Time domain DMRS patterns
NR Uu DMRS patterns are reused in V2X sidelink as per the decisions in the latest RAN1#99 [2] and email discussion [99-NR-05].
In the email discussion [99-NR-05], the problem of V2X performance at high relative speed has been acknowledged and alternative solutions such as falling back to LTE patterns have been evaluated by several companies. NR pattern was decided to be agreed for alignment with Uu link design, since the cases where LTE pattern has superior performance (64QAM or higher at 240kmph or higher relative speed) are very unlikely as per MCS restrictions.
Our findings also showed that neither LTE nor NR pattern offer sufficient performance at very high speed and 15kHz SCS. In this case, even sufficiently coded 16QAM displays poor performance at very high speed (e.g. 500kmph), as it can be easily seen from Figure 1 and Figure 2, where the 6 RS pattern heavily outperforms the 4 RS pattern both in FER and throughput. This is in line with the analysis in our previous contributions [6]-[11]. The simulated 6RS pattern is [1,3,5,7,9,11].
To overcome this strong limitation, we propose the following
[bookmark: _Toc32598947][bookmark: _Toc32599005][bookmark: _Toc32599152][bookmark: _Toc32599177][bookmark: _Toc32599219][bookmark: _Toc32599458]Proposal 3: Support a pattern with 6 DM-RS with limited use (SCS, MCS restriction).
The scope of the limitation on the use of this pattern is to avoid having an impact on the amount of SCI bits needed for DMRS signaling. DMRS subset restriction based on MCS/SCS thresholds can be fixed in the specification.
A second more flexible approach (but with RAN2 impact) would be to apply DM-RS subset restriction based on configurable thresholds, like for PT-RS. For example, parameters {MCS_THi, subset_i} are (pre)configured, such as if MCS_THi<=MCS<MCS_TH(i+1) the Tx UE chooses the DM-RS pattern from subset_i. This is similar to Uu link UL PT-RS design, where the PT-RS pattern is chosen from a set of patterns based on RRC indication of MCS and/or allocation size thresholds.
Pattern choice by transmitter UE 
The most reasonable criteria of choice, at least in the case of unicast and multicast transmission, is the relative speed between transmitter and receiver(s). Relative speed information needs not be precise, rough estimation (e.g. low/medium/large relative speed) is enough. In many cases, Doppler information may be available at the transmitter side (e.g. from the channel estimation process) and how to obtain such information may be left to be an implementation matter. Nevertheless, in some other cases (for example when traffic is asymmetric), this information may be absent or unreliable. It is beneficial to be able of having some indication on the rough relative speed estimated at the receiver side. This feedback indication, to be sent e.g. by PC5 RRC, may only be sent upon request, or only sent in certain cases (e.g. when the pattern used by the emitter is inconsistent with the Doppler measurements at the receiver side, when subset is composed of more than X patterns, etc). 

[bookmark: _Toc15078016][bookmark: _Toc16692241][bookmark: _Toc16692445][bookmark: _Toc16693053][bookmark: _Toc20749063][bookmark: _Toc20839800][bookmark: _Toc20922573][bookmark: _Toc20922727][bookmark: _Toc20922759][bookmark: _Toc20922791][bookmark: _Toc20922911][bookmark: _Toc20936577][bookmark: _Toc20936664][bookmark: _Toc20936700][bookmark: _Toc21102284][bookmark: _Toc24044340][bookmark: _Toc24044685][bookmark: _Toc24047797][bookmark: _Toc24108900][bookmark: _Toc24112323][bookmark: _Toc24112385][bookmark: _Toc32588799][bookmark: _Toc32594176][bookmark: _Toc32595446][bookmark: _Toc32598948][bookmark: _Toc32599006][bookmark: _Toc32599153][bookmark: _Toc32599178][bookmark: _Toc32599220][bookmark: _Toc32599459]Proposal 4: Support low-overhead relative speed feedback indication (e.g. through PC5 RRC).
[bookmark: _Toc24047798][bookmark: _Toc24108901][bookmark: _Toc24112324][bookmark: _Toc24112386][bookmark: _Toc32588800][bookmark: _Toc32594177][bookmark: _Toc32595447][bookmark: _Toc32598949][bookmark: _Toc32599007][bookmark: _Toc32599154][bookmark: _Toc32599179][bookmark: _Toc32599221][bookmark: _Toc32599460]Proposal 5: Transmitter UE selects the DM-RS pattern from a subset of patterns, based on relative speed information computed at the Tx UE and/or relative speed feedback from Rx UE.

Pattern choice for Mode 1
gNB has limited knowledge about the local communication conditions on the sidelink between 2 given UEs (link quality, channel state, etc). There is no merit in having the gNB involved in DM-RS pattern scheduling for Mode 1 resource allocation. In order to avoid extra signaling charge, TX UE should autonomously choose the DM-RS pattern from the (pre)configured set, similar to mode 2.
[bookmark: _Toc20936576][bookmark: _Toc20936663][bookmark: _Toc20936699][bookmark: _Toc21102283][bookmark: _Toc24044339][bookmark: _Toc24044684][bookmark: _Toc24047799][bookmark: _Toc24108902][bookmark: _Toc24112325][bookmark: _Toc24112387][bookmark: _Toc32588801][bookmark: _Toc32594178][bookmark: _Toc32595448][bookmark: _Toc32598950][bookmark: _Toc32599008][bookmark: _Toc32599155][bookmark: _Toc32599180][bookmark: _Toc32599222][bookmark: _Toc32599461]Proposal 6: PSSCH DM-RS pattern selection for mode 1 reuses the design of PSSCH DM-RS pattern selection for Mode 2.

[image: ]
[bookmark: _Ref32597941]Figure 1 FER performance of 4RS and 6RS pattern at 15kHz SCS and high speed

[image: ]
[bookmark: _Ref32597946]Figure 2 Throughput performance of 4RS and 6RS pattern at 15kHz SCS and high speed

Number of TBs for PSSCH transmission
The following working assumption open since RAN1#96b [5]: 
Working assumption:
· Transmission of 1 TB with up to 2 layers in a PSSCH is supported.

For Rel.15 NR, the number of codewords per PDSCH assignment per UE is 1 codeword for 1 to 4-layer transmission and 2 codewords for 5 to 8-layer transmission. The number of codewords per PUSCH assignment per UE is 1 codeword for 1 to 4-layer transmission. Thorough evaluation has been performed in Rel.15. Generally, there is little performance difference between simple and double CW to layer mapping [12], and multiple CW has a high signaling cost. 2-to-2 CW to layer mapping mainly has some performance advantage in the case of NC-JT with distributed scheduling (where it can also avoid data sharing between the different TRPs) and/or in the case of high number of layers, where multiple CW achieve better link adaptation results [13]. This is not the case in sidelink, where a single transmission point with limited number of layers is considered. 
[bookmark: _Toc7806703][bookmark: _Toc15058719][bookmark: _Toc15061762][bookmark: _Toc15074128][bookmark: _Toc15078029][bookmark: _Toc16692252][bookmark: _Toc16692456][bookmark: _Toc16693065][bookmark: _Toc20749075][bookmark: _Toc20839811][bookmark: _Toc20922584][bookmark: _Toc20922738][bookmark: _Toc20922770][bookmark: _Toc20922802][bookmark: _Toc20922922][bookmark: _Toc20936586][bookmark: _Toc20936673][bookmark: _Toc20936709][bookmark: _Toc21102293][bookmark: _Toc24044349][bookmark: _Toc24044694][bookmark: _Toc24047808][bookmark: _Toc24108906][bookmark: _Toc24112331][bookmark: _Toc24112393][bookmark: _Toc32588807][bookmark: _Toc32594184][bookmark: _Toc32595449][bookmark: _Toc32598951][bookmark: _Toc32599009][bookmark: _Toc32599156][bookmark: _Toc32599181][bookmark: _Toc32599223][bookmark: _Toc32599462]Proposal 7: For PSSCH, only single TB transmission is supported. 


Conclusions
We make the following proposals:
Proposal 1: For PSSCH DM-RS, support both type 1 and type 2 DM-RS at specification level. Only one DM-RS type is used in a resource pool at a given time (e.g., (pre)configurable or implicitly depending on the maximum number of time-domain DM-RS symbols (pre)configured for the given pool)
Proposal 2: For a given UE, REs corresponding to CDM groups not used by PSSCH DM-RS are used for PSSCH data.
Proposal 3: Support a pattern with 6 DM-RS with limited use (SCS, MCS restriction).
Proposal 4: Support low-overhead relative speed feedback indication (e.g. through PC5 RRC).
Proposal 5: Transmitter UE selects the DM-RS pattern from a subset of patterns, based on relative speed information computed at the Tx UE and/or relative speed feedback from Rx UE.
Proposal 6: PSSCH DM-RS pattern selection for mode 1 reuses the design of PSSCH DM-RS pattern selection for Mode 2.
Proposal 7: For PSSCH, only single TB transmission is supported.
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