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1	Introduction
In RAN1#94bis, several design aspects about sidelink unicast and groupcast were discussed. The following agreements were made in this regard:
	Agreements:
· Layer-1 destination ID is conveyed via PSCCH.
· FFS how many bits are conveyed.
· FFS details for each of the unicast/groupcast/broadcast cases
· Additional Layer-1 ID(s) is conveyed via PSCCH at least for the purpose of identifying which transmissions can be combined in reception when HARQ feedback is in use. 
· FFS whether this ID can be used for other HARQ feedback related operation.
· FFS other purpose
· FFS how many bits are conveyed.
· FFS details including how to convey the ID(s), e.g., whether the ID(s) is conveyed in the SCI or used for CRC scrambling.
Agreements:
· For unicast, sidelink HARQ feedback and HARQ combining in the physical layer are supported.
· FFS details, including the possibility of disabling HARQ in some scenarios
· For groupcast, sidelink HARQ feedback and HARQ combining in the physical layer are supported.
· FFS details, including the possibility of disabling HARQ in some scenarios
Agreements:
· In the context of sidelink CSI, RAN1 to study further which of the following information is useful in sidelink operation when it is available at the transmitter.
· Information representing the channel between the transmitter and receiver
· Information representing the interference at receiver
· Examples for this information are
· CQI, PMI, RI, RSRP, RSRQ, pathgain/pathloss, SRI, CRI, interference condition, vehicle motion
· FFS including
· Such information can be acquired using reciprocity or feedback
· Time scale of the information
· Which information is useful in which operation and scenario



In this contribution, we continue our discussion on various aspects of sidelink unicast and groupcast, including L1 IDs, HARQ details, CSIT acquisition, power control and multi-antenna transmission.
2	L1 IDs 
RAN1 has agreed to convey the L1 destination ID in PSCCH. In the case of unicast transmissions, clearly the ID corresponds to that of the intended receiver. In the case of groupcast transmissions, it is necessary to introduce a group destination ID. Although the agreement does not target broadcast transmissions, it may be possible that service ID of broadcast transmission is conveyed using L1 procedures. For unicast and groupcast, we believe that the L1 IDs and the corresponding service mapping is agreed by the UEs during the connection establishment phase and that it is up to RAN2 to decide on the exact mapping. 
Observation 1 [bookmark: _Toc528950781]	The mapping of L1 IDs and corresponding service is done by higher layer during the connection establishment phase for unicast and groupcast. 
When it comes to the way in which this information is conveyed, we think that scrambling the CRC code is the most suitable option since it does not increase the size of the payload carried by PSCCH. Consequently, the size of the ID to be conveyed will be limited by the CRC length, which has not been discussed yet.
[bookmark: _Ref528649039][bookmark: _Toc528950850] L1 destination ID is used for scrambling the CRC code carried by PSCCH:
· [bookmark: _Toc528950851]For unicast, the ID of the destination UE is used.
· [bookmark: _Toc528950852]For groupcast, the ID of the destination group is used.
· [bookmark: _Toc528950853]For broadcast, FFS whether there is an ID and if it is used for scrambling PSCCH
One aspect that deserves further consideration is coexistence. If, a sensing mechanism based on SCI-decoding is used (like in LTE) to some extent, the usability of the information carried in PSCCH with scrambled CRC will have to be discussed.
[bookmark: _Toc528950854]RAN1 studies how to convey sensing information in PSCCH with scrambled CRC.
Also, in RAN1#94bis, the use of ‘Additional L1 IDs” was discussed for the purpose of combining HARQ transmissions at the receiver side. Additional IDs might be needed for two different perspective: (1) For differentiating HARQ processes at the receiver (2) For differentiating different transmitters in case of multiple unicast sessions. For the sake of discussion, we differentiate them by naming as “HARQ process ID” and “Link ID” respectively. According to our view, both types of IDs are important and must be conveyed as payload using PSCCH (i.e. SCI). Note that the lengths of these IDs are limited by the SCI size. 
[bookmark: _Toc528950855]Additional L1 IDs are carried as payload by PSCCH. The following information, which may be combined into a single L1 ID, is necessary:
· [bookmark: _Toc528950856]HARQ process ID is for both unicast and groupcast.
· [bookmark: _Toc528950857]Link ID at least for unicast. FFS its need for groupcast.
3	HARQ details 
HARQ feedbacks are beneficial to enforce the reliability of both unicast and groupcast communication. Yet, how to use such enhancements to aid groupcast communication might be more challenging than unicast communications. In sidelink there is no central controller and it might be not straightforward to specify UE behavior on the basis of the multiple received HARQ feedbacks. For example, appropriate rules should be specified to avoid the risk that the transmitter performances are bounded by the worst or best performing receiver in a given group. Specifying such rules might not be an easy task, without considering the potentially large overhead/interference that HARQ transmissions would cause in the SL environment.
Observation 2 [bookmark: _Ref528649015][bookmark: _Toc528950782]The usage of HARQ feedback for groupcast communication might lead to large specification effort.
Therefore, we suggest that RAN1 prioritizes the study of sidelink HARQ based on feedbacks for unicast transmissions, and then extend it to the groupcast transmissions.
[bookmark: _Toc528950858]RAN1 first study the feedback based HARQ for unicast transmissions, and then extend it to the groupcast transmissions. 
When it comes to the HARQ schemes, RAN1 should explore the time/frequency relationship between SL data transmission and the associated HARQ feedback. The HARQ feedback could be transmitted with a fixed time relationship between the data transmission and the associated HARQ feedback, which can be transmitted in a reserved time/frequency resource. The advantage is that there would be a 1:1 mapping between the HARQ process and its related HARQ feedback, thereby limiting the overhead of the HARQ process identification in the control signaling. Alternatively, the HARQ feedback can be sent at any point in time by the receiver, in which case the HARQ feedback may convey HARQ feedbacks of multiple HARQ processes at the expenses of larger HARQ feedback payload. 
Observation 3 [bookmark: _Toc528839478][bookmark: _Toc528839712][bookmark: _Ref528649151][bookmark: _Toc528950783]The following HARQ feedback alternatives can be considered:
· [bookmark: _Toc528950784]Option 1: Fixed time relationship between data transmission and the associated HARQ feedback, i.e. the receiving UE transmits the HARQ feedback in a specific reserved time/frequency resource after the data transmission. 
· [bookmark: _Toc528950785]Option 2: Flexible time relationship between data transmission and associated HARQ feedbacks, e.g. the receiving UE autonomously decides when to send HARQ feedbacks.
Among the above alternatives, we believe that the first option requires less standardization impact and control signaling, since there will be no ambiguity on the HARQ process that the HARQ feedback refers to. On the contrary, the flexibility of option 2 comes at the expenses of more complicated resource allocation handling and SL control signaling.
[bookmark: _Toc528950859]RAN1 prioritizes the study of Option 1 in Observation 2.
Note that as a part of Option 1, it may also possible that the data transmission and associated HARQ feedback occur in the same slot. In our opinion, such design simplifies the RAN1 procedures at the expense of higher UE capability. 
Furthermore, transmissions with HARQ feedback (e.g. unicast/groupcast) must coexist with transmissions without HARQ feedback (e.g. broadcast). One straightforward approach to allow coexistence is to always assume the presence of HARQ feedback in every slot and confine the PSSCH transmissions to the first part of the slot. However, this leads to resource wastage in case there is no HARQ feedbacks. Therefore, we propose to have a flexible design where the presence of a HARQ feedback in a slot is signaled using SCI in the PSCCH. 
Observation 4 [bookmark: _Toc525923548][bookmark: _Toc528950786]HARQ feedbacks may not always be present in the slot. 
[bookmark: _Toc525923552][bookmark: _Toc528950860]The presence of HARQ feedback is signaled in the SCI related to the corresponding data transmission. 
For both unicast and groupcast session, it may not always be beneficial to support HARQ feedbacks. For instance, for latency-critical use cases, HARQ retransmissions may lead to higher latency. Therefore, we propose to enable or disable HARQ feedbacks/transmissions depending on the use cases and scenarios.  However, enabling or disabling HARQ is part of QoS framework and RAN2 should take the lead on the related procedures.

[bookmark: _Toc528950861]Enabling or disabling HARQ is a part of QoS framework and RAN2 to study the related procedures. 
4	CSIT acquisition
CSIT can be exploited to improve system spectrum efficiency via link adaptation. Specifically, based on some measurement report from the target receiver, e.g., CQI report, the SL transmitter can adapt its MCS tailored for the link condition including both channel and interference situations. Moreover, with proper CSIT, the SL transmitter can select appropriate precoders based on the service requirements and the current channel and/or interference situations. For instance, to support use cases requiring high data rate, e.g., video data sharing and see-through, a selection of multi-layer precoder depending on the current channel condition is needed. On the other hand, to efficiently support platooning, an appropriate selection of one-layer precoder can be useful to not only improve the desired link but also reduce interference to other transmissions. 
Observation 5 [bookmark: _Toc528950787]Sidelink CSIT can enable link adaptation and precoder selection for sidelink unicast.
CSIT acquisition can be facilitated by CSI feedback mechanisms, suitable reference signal design and exploiting sidelink reciprocity when channel reciprocity conditions hold. 
To enable SL link adaptation and precoder selection described above, in our view at least RI, PMI, and CQI reports should be supported. On the other hand, to reduce signaling overhead and to make the reported parameters robust to the varying channel conditions, only wideband or long-term PMI and CQI reports are needed. Here by wideband, we mean that for a specific CSI parameter, only the measurement representing the whole bandwidth transmitting the corresponding SL CSI reference signal is reported. Note that wide-band CSI reports are valid for longer time scale i.e. such reports are valid over a number of slots. 
[bookmark: _Toc528950862]For FR1, at least RI report, wideband or long-term PMI and CQI reports should be studied for sidelink unicast.
Moreover, as it is proposed in [1], for CSIT acquisition a new type of reference signal called SL CSI reference signal (SCSI-RS) is used. The SCSI-RS should be designed in such a way that it facilitates CSIT acquisition either in a reciprocity-based manner and/or in a feedback-based manner. Specifically, when channel reciprocity can be exploited, CSIT can be obtained using reference signals transmitted by the peer UE, where reference signals can be DMRS or SCSI-RS. On the other hand, when channel reciprocity does not hold, SCSI-RS can be used to measure the channel and/or the interference which are then reported back to the transmitter to facilitate CSIT acquisition, which is considered as SL CSI report. Since SCSI-RS may or may not be present in a slot, we can use the SCI transmitted over PSCCH to indicate its presence. However, since SCSI-RS may be present in a slot without user data, we propose to have a different SCI format to indicate the presence of SCSI-RS. This also allows the desired flexibility in terms of SCSI-RS transmissions. 
[bookmark: _Toc525923556][bookmark: _Toc528950863]The presence of SCSI-RS in a slot is indicated by an SCI carried by the PSCCH.  
Furthermore, in our view, the CSI report is carried over PSSCH and is scheduled by PSCCH similarly to user data, without requiring a different SCI format. However, in contrast to data, there is no retransmission of CSI reports. Note that if data and CSI report are transmitted simultaneously, two parallel transmissions, possibly adjacent in frequency, take place. In other words, the CSI report and other simultaneous transmissions (e.g. data) are two separate transmissions.
[bookmark: _Toc525923558][bookmark: _Toc528950864]SL CSI reports are transmitted in PSSCH, scheduled by SCI in PSCCH.
In addition, in SL communication between in-coverage UEs scheduled by gNB (i.e. mode-1), CSI reports can be provided via the gNB or directly between the two UEs. However, to keep a unified design for both in-coverage and out-of-coverage scenarios, we propose to always transmit CSI reports over sidelink and in case of gNB scheduling (Mode-1) the UE receiving CSI report (i.e., the SL transmitter) may forward it to the gNB.
[bookmark: _Toc525923559][bookmark: _Toc528950865]CSI reports are always transmitted over sidelink even for in-coverage UE-pairs. In case of NR Mode-1 transmission, the UE receiving the CSI report over sidelink may forward the CSI report to the serving gNB. 
[bookmark: _Toc528811194][bookmark: _Toc528812649]In [2] we discuss the details on the SCSI-RS, corresponding SL CSI reports and its parameters, periodic and aperiodic SCSI-RS and SL CSI reports for unicast transmissions. 
[bookmark: _Toc528762849][bookmark: _Toc528763285][bookmark: _Toc528766460][bookmark: _Toc528762850][bookmark: _Toc528763286][bookmark: _Toc528766461][bookmark: _Toc528762851][bookmark: _Toc528763287][bookmark: _Toc528766462][bookmark: _Toc528762852][bookmark: _Toc528763288][bookmark: _Toc528766463][bookmark: _Toc528762853][bookmark: _Toc528763289][bookmark: _Toc528766464][bookmark: _Toc528762854][bookmark: _Toc528763290][bookmark: _Toc528766465][bookmark: _Toc528762855][bookmark: _Toc528763291][bookmark: _Toc528766466][bookmark: _Toc528762856][bookmark: _Toc528763292][bookmark: _Toc528766467][bookmark: _Toc528762857][bookmark: _Toc528763293][bookmark: _Toc528766468]5	Power control 
For unicast transmissions, transmit power control serves the following purposes:
1. It helps to adjust the sidelink range to the intended receiver and ensure good reception of sidelink packets at the receiver, while limiting the interference caused at non-intended receivers. Note that when sidelink operates in licensed spectrum, limiting the interference power can be very important, especially when sidelink and cellular resources overlap.
2. It helps to manage the UE power consumption, which may be important for certain UE types (e.g. pedestrian UE). This aspect is less important for vehicle UEs. 
In our view, in addition to these power control targets, the transmit power control mechanism should be of low complexity and preferably should not require a fine granularity channel information, but rely on coarse and slow changing information, such as large-scale fading parameters and/or estimated path loss. Also, from an implementation perspective, it is advantageous if the transmit power control mechanism does not mandate fast power control for SL transmissions. 
[bookmark: _Toc525923562][bookmark: _Toc528950866]Fast power control is not supported for NR V2X.
A simplified model of uplink power control schemes employed by e.g. NR or WCDMA networks is shown in Figure 1. A common characteristic feature for open-loop schemes is the absence of a power control command from UE to BS. In this scheme, the UE sets its transmit power based on information that is preconfigured or made available by a reference signal transmitted by the BS. A simple and typical implementation of open-loop power control is when the UE knows (by configuration or using broadcast information) the target SNR that should be achieved at the BS. The UE can then periodically make measurements and estimate the UL path loss, based on which the UE can set the transmit power accordingly. In contrast, the Uu close-loop schemes involve a feedback channel that the BS can utilize to measure or estimate the UL SNR and/or path loss. Based on this measurement and estimation, the BS can decide on the value of the necessary UL transmit power level and inform the UE, either implicitly or explicitly, using transmit power control (TPC) commands. Although the close-loop scheme is advantageous in terms of the capability of continuously adjusting the Tx power, it is more complex to implement due to the need of the explicit/implicit TPC commands that must be sent to the UE.
[image: ]
Figure 1: Illustration of open loop and closed loop power control for cellular (Uu) uplink.
Similar to Uu, for the NR sidelink unicast transmission, there are following two alternatives to employ power control:
· SL open loop power control: The transmit power is set by the Tx UE, typically based on measurements and estimations made by the Tx UE, and there is no TPC command from the Rx UE to the Tx UE. 
· SL close loop power control: The transmit power is set implicitly or explicitly by TPC command sent to the Tx UE by the Rx UE.
In our view, the open loop power control can maintain a predetermined SNR target, and thereby maintain an appropriate QoS level for unicast transmissions. Also, the open loop scheme does not imply control of one UE over the transmission scheme of another UE. 
[bookmark: _Toc528950867]Open loop power control scheme can be (pre-)configured for SL unicast transmissions. 
In order for the Tx UE to maintain a predefined SNR level at the intended Rx UE, the Tx UE must know the SNR target and estimate the current path loss towards the intended Rx UE. A mechanism that enables the Tx UE to acquire these inputs is illustrated in Figure 2. According to this mechanism:
· The Tx UE is (pre-)configured for a predefined SNR value that is specifically set for SL unicast communications. This can be achieved by appropriate network control mechanism whose details are for further study. It is to be noted that maximum or fixed transmit power can also be (pre-)configured to a UE. 
· The Tx UE periodically estimates the path loss towards its intended Rx UE. This can be achieved by measuring the received power level of the SCSI-RS signals transmitted by the Rx UE, provided that the transmit power level of the SCSI-RS signals is known by the Tx UE.
[image: ]
Figure 2: Open loop PC over the SL for unicast transmissions.
Furthermore, besides receiving SCSI-RS from RX UE for open-loop PC, it may also possible that Tx UE make use of SL CSI reports (if agreed) to implicitly determined the SINR at the Rx UE. 
[bookmark: _Toc528950868]Open loop SL power control, if (pre-)configured by the network, make use of CSIT acquisition framework.
6	Multi-antenna transmission
In general, multi-antenna transmission can bring three types of gains: diversity gain, spatial multiplexing gain and beamforming gain. Diversity scheme can be exploited to improve reliability and spatial multiplexing can be exploited to increase data rate. Additionally, directivity transmission can be used to increase communication range, improve receiving power and reduce interference to unwanted directions.
To support advanced V2X use cases such as video data sharing and see-through, high data rate is usually indispensable. In this case, multi-antenna transmission can be beneficial by its spatial multiplexing gain. Typically, for this type of use cases, vehicles have low relative speeds. Then, the resulting V2X environment is relatively static. Hence, efficient closed loop spatial multiplexing can be enabled by RI and PMI reports from the target receiver. On the other hand, for some other use cases requires high data rate, the surrounding environment can be highly dynamic. Also, these use cases may be interested in broadcast transmission. Correspondingly, open loop spatial multiplexing can be an alternative to increase data rate.  
[bookmark: _Toc528950869]Both open loop and closed loop spatial multiplexing mechanisms should be supported, where closed loop schemes target only sidelink unicast.
[bookmark: _Toc528649658][bookmark: _Toc528812653]Furthermore, reliability is another key design consideration. It is particularly important for PSCCH since it cannot benefit from retransmissions. In previous meetings, some contributions [3] have shown clear reliability improvement of SFBC compared to transparent diversity schemes, especially for longer communication range. Therefore, we think non-transparent diversity schemes should be studied.
[bookmark: _Toc528950870]Non-transparent diversity schemes, e.g., SFBC, should be studied for both PSCCH and PSSCH transmissions.  
7	Conclusions
In the previous sections, we made the following observations: 
Observation 1	The mapping of L1 IDs and corresponding service is done by higher layer during the connection establishment phase for unicast and groupcast.
Observation 2	The usage of HARQ feedback for groupcast communication might lead to large specification effort.
Observation 3	The following HARQ feedback alternatives can be considered:
	Option 1: Fixed time relationship between data transmission and the associated HARQ feedback, i.e. the receiving UE transmits the HARQ feedback in a specific reserved time/frequency resource after the data transmission.
	Option 2: Flexible time relationship between data transmission and associated HARQ feedbacks, e.g. the receiving UE autonomously decides when to send HARQ feedbacks.
Observation 4	HARQ feedbacks may not always be present in the slot.
Observation 5	Sidelink CSIT can enable link adaptation and precoder selection for sidelink unicast.
Based on the discussion in the previous sections, we propose the following:
Proposal 1	L1 destination ID is used for scrambling the CRC code carried by PSCCH:
	For unicast, the ID of the destination UE is used.
	For groupcast, the ID of the destination group is used.
	For broadcast, FFS whether there is an ID and if it is used for scrambling PSCCH
Proposal 2	RAN1 studies how to convey sensing information in PSCCH with scrambled CRC.
Proposal 3	Additional L1 IDs are carried as payload by PSCCH. The following information, which may be combined into a single L1 ID, is necessary:
	HARQ process ID is for both unicast and groupcast.
	Link ID at least for unicast. FFS its need for groupcast.
Proposal 4	RAN1 first study the feedback based HARQ for unicast transmissions, and then extend it to the groupcast transmissions.
Proposal 5	RAN1 prioritizes the study of Option 1 in Observation 2.
Proposal 6	The presence of HARQ feedback is signaled in the SCI related to the corresponding data transmission.
Proposal 7	Enabling or disabling HARQ is a part of QoS framework and RAN2 to study the related procedures.
Proposal 8	For FR1, at least RI report, wideband or long-term PMI and CQI reports should be studied for sidelink unicast.
Proposal 9	The presence of SCSI-RS in a slot is indicated by an SCI carried by the PSCCH.
Proposal 10	SL CSI reports are transmitted in PSSCH, scheduled by SCI in PSCCH.
Proposal 11	CSI reports are always transmitted over sidelink even for in-coverage UE-pairs. In case of NR Mode-1 transmission, the UE receiving the CSI report over sidelink may forward the CSI report to the serving gNB.
Proposal 12	Fast power control is not supported for NR V2X.
Proposal 13	Open loop power control scheme can be (pre-)configured for SL unicast transmissions.
Proposal 14	Open loop SL power control, if (pre-)configured by the network, make use of CSIT acquisition framework.
Proposal 15	Both open loop and closed loop spatial multiplexing mechanisms should be supported, where closed loop schemes target only sidelink unicast.
Proposal 16	Non-transparent diversity schemes, e.g., SFBC, should be studied for both PSCCH and PSSCH transmissions.
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