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1 Introduction

One of the objectives of the NR V2X work item [1] is as follows to address the technical solutions for NR sidelink to meet the advanced V2X services:  
NR V2X WI Objective 1:

· 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.

· Power control [RAN1, RAN2]

In RAN1#98 several new agreements on physical layer procedures were made. RAN1 [2] agreed on the following:
· In physical layer perspective, a (pre-)configured resource pool can be used for all of unicast, groupcast, and broadcast for a given UE. 

· There is no (pre-)configuration to inform which cast types are used for the resource pool.
·  (Pre-)configuration of one or more PSSCH DMRS pattern(s) in time domain per a resource pool is supported.

· Exact DMRS pattern is indicated by SCI

· FFS details, including whether or not to have the indication bit in case of one (pre)configured DMRS pattern

· For Mode 2, DMRS pattern is chosen by the transmitter UE from the (pre)configured patterns for the resource pool.

· FFS: case for Mode 1

· FFS: whether/how to use restrictions for choice of DMRS pattern 

· FFS on details on time-domain pattern

· FFS the number of possible DMRS patterns

· Note: it is not intended to specify DM-RS based resource pool selection 

· Support 2-stage SCI

· 1st SCI is carried in PSCCH.

· FFS: other details

In this contribution, we will address specifically the 2-stage SCI, the PSFCH, the CSI-RS and the DM-RS design structures in sections 2, 3, 4 and 5, respectively. 
2 2-stage SCI design 
2.1 Design Principles
As mentioned above, RAN1#98 agreed on supporting 2-stage SCI. The next step is to do a detailed design. In our view the following design principles should be applied to the 2-stage SCI design:

· The 1st stage must achieve a low-complexity decoding-based sensing regardless of the transmission type. Avoiding blind decoding attempts reduces the sensing delay.
· Assign only those SCI fields to the 1st-stage necessary and common for all of the transmission types.

· Reuse as much of NR PDCCH control signalling design such that the NR UE implementation is leveraged for NR V2X UE implementation. 

2.2 2-stage SCI design details

First we applied the above design principles to assign each SCI field to either the 1st stage or the 2nd stage. The analysis is given in the Table 1 below. 
Table 1: Fields to Stages Assignments

	Fields

(nr of bits)
	Possible stage(s)
	Stage assigned
	Reasons for stage assignment

	Fields needed for sensing / reservation / resource selection

	Reserve by providing   the Frequency/Time Location of the initial transmission or retransmission  (9 bits)
	1st stage
	1st stage
	This information is helpful for sensing. This field implicitly indicates the associated PSSCH resource is being used and explicitly indicates the reservation of the PSSCH resources to be used. The receiver UE could use this for information gathering (e.g., resource reservation map).

	QoS Priority (3 bits)
	1st stage
	1st stage
	The receiver UE should have this information as early as possible.

	L1 destination ID  (8 bits)
	1st or 2nd stage
	1st stage
	Identifies the receiver UE that needs to decode the associated PSSCH. This allows the receiver UE to decide whether to decode the 2nd stage.

	L1 source ID 

(8 bits)
	1st or 2nd stage
	2nd stage
	If the receiver UE is the destination UE then it needs the source ID for the link identification.   

	Fields necessary for PSSCH demodulation/decoding

	DM-RS pattern (2 bits)
	1st or 2nd stage
	1st stage
	This information can be sent in either stage; however, this information is necessary regardless the transmission is unicast, groupcast or broadcast. Also, sooner the receiver UE has this information it can start decoding the PSSCH reducing latency.
SL CSI-RS configuration is not needed in the 1st stage. 
MCS is useful in decoding the 2nd stage.

	SL CSI-RS 

(1 bit)
	1st or 2nd stage
	2nd stage
	

	MCS (5 bits)
	1st or 2nd stage
	1st stage
	

	TM (2 bits)
	1st or 2nd stage
	1st stage
	

	HARQ related Information fields

	HARQ process ID 

(3 bits)
	1st or 2nd stage
	2nd stage
	The process ID information is relevant to the unicast/groupcast data packet; however, it could be useful for the broadcast transmissions as well.

NDI is needed for buffer flushing before starting PSSCH data decoding.

Not needed in the 1st stage.

	NDI (1 bit)
	1st or 2nd stage
	2nd stage
	

	RV (2 bits)
	1st or 2nd stage
	2nd stage
	

	Fields specific to unicast and groupcast

	Decode 2nd stage type
(2 bits)
	1st stage
	1st stage
	Directs the interested receiver UE to decode the 2nd stage.

	Transmitter UE geo-position (8~10 bits)
	1st or 2nd stage
	2nd Stage
	This information is sent only to support groupcast. The transmitter UE is expecting a HARQ A/N feedback. If the gNB has disabled the above feature then this information is not sent by the transmitter UE.

	HARQ feedback configuration
	1st or 2nd stage
	2nd Stage
	


Next we apply the NR PDCCH concept such that the 1st stage fields are carried by the PSCCH and the 2nd stage SCI is carried by the second PSCCH. Both PSCCHs are encoded using the Polar-codes with a robust code rate. One proposal is the precoding the 2nd stage SCI in a similar way as the PSCCH such that the DMRS could be shared. In addition to PSSCH’s DMRS sharing, the code rate of the 2nd stage should be based on the data’s MCS. However, the 2nd stage MCS must be more robust than the data’s MCS in order to achieve reliable reception.  
Proposal 1: 2nd stage SCI must have more robust code rate than the corresponding PSSCH data..

As an example design of 2-stage SCI design the first step is similar to NR DL processing, the UE attempts to decode the 1st stage PSCCH. The receiver UE assumes the 1st stage SCI has a single format with fixed payload size. The above design has the following consequences: 

1. The UE avoids the complexity of performing multiple blind decoding attempts for the 1st stage SCI. 

2. Note the 2nd stage SCI is not transmitted unless it is absolutely needed. If possible the broadcast transmission does not require the 2nd stage SCI. 
3. The SCI format used for the 2nd stage SCI is based on the Decode 2nd stage field received in the 1st stage. Then the receiver UE becomes aware of the 2nd stage PSCCH’s format. This is aligned with the conclusion made in RAN1#97 that after decoding the 1st-stage, the receiver does not need to perform blind decoding of 2nd-stage.
The above design provides the flexibility of easily adding a new feature for the future releases. It simply requires assigning a new bit in the Decode 2nd stage SCI field that directs the receiver UE to the additional control information in the 2nd stage SCI.
Proposal 2: NR V2X supports the fields’ assignments according to  Table 1..   
3 PSFCH design 

In RAN1#97 it was agreed to support PUCCH format 0 as baseline for PSFCH. NR Uu PUCCH format 0 is capable of transmitting up to two bits. The same NR PUCCH format 0 design can be reused for the NR V2X with two-symbol PSFCH including the first symbol for the AGC training as agreed during the email discussion [98-NR-10]. In total the last four symbols within a slot are used when the PSFCH is present. The other two symbols are used for before and after Rx/Tx switching gaps. Furthermore, RAN1#97 had another agreement related to FFS whether to support PUCCH format 2. We propose not to support PUCCH format 2 for NR V2X since the above format is basically used for delivering more than two bits information in the Uu operation. The additional bits are used to deliver simultaneous CSI reports and HARQ feedback. Since CSI reports are to be delivered by the PSSCH we propose not to support PUCCH format 2 at least for Rel-16.
Proposal 3: NR PUCCH format 2 based PSFCH is not supported for NR V2X Rel-16.
4 CSI-RS design 

4.1 General Design Principle
The SL CSI-RS is transmitted within the same bandwidth of the associated PSSCH. The design principle of NR Uu CSI-RS can be the baseline; however, a higher density can be considered to support different traffic types and higher vehicular speeds scenarios. The SL CSI-RS design should support maximum of 2 antenna ports as per RAN agreements. 

Proposal 4: The design principle of NR Uu CSI-RS up to 2 antenna ports configurations to be considered as the baseline design for the SL CSI-RS.    

4.2 SL CSI RS Transmission 

In NR V2X mode-1 RAN1 is still discussing the details of the dynamic and configured grants (type 1 and type 2) to allocate SL resources to the UEs interested in the unicast SL transmissions. Anyhow whichever method is selected for SL data transmissions same could be applied to the SL CSI-RS transmissions. This will be in accordance to the RAN1#96 working assumption of no standalone RS transmission dedicated to CSI reporting (see section 1). Once the UE received the dynamic or configured grants from the gNB for the SL CSI-RS resources the transmitter UE triggers the SL CSI report by SCI to the receiving UEs. This design gives the flexibility to the gNB to configure periodic and aperiodic SL CSI-RS transmissions. 

In mode-2 the transmitter UE sends the SL CSI-RS configuration to the receiver UE via PC5-RRC messaging for periodic and SCI for aperiodic CSI-RS transmissions.

Proposal 5: In mode-1 the SL CSI-RS resources are configured by the gNB. In mode-2 the SL CSI-RS are (pre-) configured and the transmitting UE selects the configuration and notifies the receiver UE via PC5-RRC messaging and SCI. 

4.2.1 SL CSI-RS pattern and location  

The amount of resources available in the SL slots are very limited especially if the PSFCH is also transmitted in the same slot. The location of CSI-RS depends on the location of the SL control region and the location of other reference signals in the SL duration of a slot. Additionally, the location of CSI-RS has an impact on the CSI processing timeline. If the CSI-RS is placed in the early part of a SL slot then it allows more time for CSI measurement. This will allow the receiver UE to do fast CSI feedback. However, placing the CSI-RS in the early part of the SL slot puts a more stringent latency requirement for SCI decoding especially for the aperiodic CSI-RS case in higher frequency band (FR2) deployments. Considering the above trade-off it is preferred the CSI-RS to be located in the mid-to-late part of the SL slot such that it gives the receiver UE sufficient processing time to become aware of the presence of the CSI-RS after decoding the SCI and some time to prepare the CSI report before transmitting in one of the subsequent slots. 

Applying the existing NR Uu CSI framework and based on the RAN decision to support up to two antenna ports for NR V2X Rel-16 unicast it is natural to start with the FD-CDM2 as the CSI-RS pattern. In order to support 2-port CSI-RS resource pattern with density of 1 RE/port/RB using 1 OFDM symbol the CSI-RS resource pattern can be composed of up to 2 adjacent REs in the frequency-domain and 1 RE in time-domain.  
Proposal 6: The NR SL CSI-RS uses the FD-CDM2 pattern as baseline and locate the CSI-RS at the end portion of the transmitter UE’s transmission. 

5 DM-RS pattern 

Understandably, there is a temptation to have a multiple DMRS patterns with time-varying densities to address various speed scenarios. However, having too many DMRS patterns increases the complexity and the signalling overhead. Furthermore, it requires additional burden due to the continuous vehicle’s speed monitoring in order to choose dynamically an appropriate DMRS pattern. As a compromise, we propose there should be a fixed default DMRS pattern (shown on the left hand side of figure 1) with the minimum time-density to address the low-to-moderate speeds (for example, 0 to 100 km/h approx. range). This speed-range includes the typical speed scenario. The DMRS pattern shown on the right-hand-side of the figure 4 is for the case when the UEs are moving at a very high speed. This DMRS pattern has a very high time density. Note both patterns are using the NR mapping type A when the DMRS is mapped relative to the start of the slot boundary. Also, the receiver UE is able to initiate the channel estimation early, an important aspect since the 2nd stage PSCCH shares the DMRS with PSSCH.   
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Figure 1: SL DM-RS patterns
Proposal 7: The NR SL DM-RS has a fixed default DM-RS with a specific time-density. For the very high-speed case a higher time-density DM-RS pattern is used.  

6 Conclusion

In this contribution, we discussed the 2-stage SCI design, reservation forwarding and PSFCH design. Based on the above we have the following proposals:
Proposal 1: 2nd stage SCI must have more robust code rate than the corresponding PSSCH data.
Proposal 2: NR V2X supports the fields’ assignments according to Table 1.
Proposal 3: NR PUCCH format 2 based PSFCH is not supported for NR V2X Rel-16.
Proposal 4: The design principle of NR Uu CSI-RS up to 2 antenna ports configurations to be considered as the baseline design for the SL CSI-RS.  
Proposal 5: In mode-1 the SL CSI-RS resources are configured by the gNB. In mode-2 the SL CSI-RS are (pre-) configured and the transmitting UE selects the configuration and notifies the receiver UE via PC5-RRC messaging and SCI.
Proposal 6: The NR SL CSI-RS uses the FD-CDM2 pattern as baseline and locate the CSI-RS at the end portion of the transmitter UE’s transmission. 
Proposal 7: The NR SL DM-RS has a fixed default DM-RS with a specific time-density. For the very high-speed case a higher time-density DM-RS pattern is used.  
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