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1	Introduction
[bookmark: _Toc521658401][bookmark: _Toc521658405]Our previous contribution [1] discussed the advantages and disadvantages of supporting PHY layer unicast and groupcast transmissions as compared with PHY layer broadcast transmissions. Studying PHY layer unicast and groupcast is motivated by the observation that eV2X use cases and the corresponding ETSI ITS specification drafts involve messages that may target all vehicles in the vicinity; vehicles belonging to a specific group; or a specific single vehicle. We also noted that to enable the use of radio-layer unicast (groupcast) communication for unicast (groupcast) ETSI ITS application messages, a connection establishment procedure is needed. In RAN1#94, the following agreements were made in this regard:
	Agreements:
· RAN1 assumes that higher layer decides if a certain data has to be transmitted in a unicast, groupcast, or broadcast manner and inform the physical layer of the decision. For a transmission for unicast or groupcast, RAN1 assumes that the UE has established the session to which the transmission belongs to. Note that RAN1 has not made agreement about the difference among transmissions in unicast, groupcast, and broadcast manner.
· RAN1 assumes that the physical layer knows the following information for a certain transmission belonging to a unicast or groupcast session. Note RAN1 has not made agreement about the usage of this information.
· ID
· Groupcast: destination group ID, FFS: source ID
· Unicast: destination ID, FFS: source ID
· HARQ process ID (FFS for groupcast)
· RAN1 can continue discussion on other information

Agreements:
· RAN1 to study the following topics for the SL enhancement for unicast and/or groupcast. Other topics are not precluded.
· HARQ feedback
· CSI acquisition
· Open loop and/or closed-loop power control
· Link adaptation
· Multi-antenna transmission scheme



Supporting sidelink (SL) unicast and groupcast enables the transmitter to incorporate channel state information dependent adaptive transmission mechanisms. Such mechanisms may improve the spectral and energy efficiency, facilitate the spatial reuse of the resources and enable QoS management in a resource efficient fashion. In RAN1#94, the above enablers were agreed to be studied for unicast and groupcast communication. However, the advantages of unicast and groupcast come at the cost of additional signaling overhead, latency and complexity. In this contribution, we present our view on the technical enablers that should be considered to realize efficient unicast and groupcast for SL communications. We also propose design considerations that aim to minimize the associated cost.
2	Technical Enablers of SL Unicast Communications
As discussed in [1] and agreed in RAN1#94, the key physical layer enablers of efficient unicast communications may include layer-1 HARQ, channel adaptive modulation and coding scheme (MCS) setting (link adaptation, LA), channel state information at the transmitter (CSIT) acquisition, transmit power control and multi-antenna transmission schemes. Below we discuss some design considerations for each of these schemes.
2.1	Layer-1 HARQ 
In general, HARQ enables better robustness and spectral efficiency. Many V2X applications requiring radio layer unicast transmissions, e.g. platooning and see-through, require reliable spectrally efficient communication due to the high data rate requirement. Due to the broadcast nature of radio layer transmissions in LTE V2X, autonomous repetitions were used to increase the reliability of transmissions. However, when the UEs are communicating with each other in a unicast fashion, retransmissions can be controlled using reception feedback (ACK/NACK) which enables reliable communication in a controlled fashion making it more spectrally efficient. 
[bookmark: _Toc525923547]Layer-1 HARQ provides controlled reliability for V2X applications requiring unicast transmissions. 
[bookmark: _Toc525923551]Enable layer-1 HARQ in case of unicast transmissions on NR sidelink.
In [2], we discussed the frame-structure design and the corresponding feedback channel (i.e. PSCCH-II) to support HARQ ACK/NACKs. Figure 1 shows the slot structure containing HARQ feedback – carried in the PSCCH-II -- at the end of the slot. 
[image: ]
[bookmark: _Ref524942975]Figure 1. Slot structure containing HARQ feedback 
Furthermore, unicast transmissions with HARQ feedback must coexist with broadcast transmissions without HARQ feedback. 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. It is to be noted that there may be a GP between PSSCH and PSCCH-II due to an additional TX-RX switching. Therefore, we propose to have a flexible design where the presence of a HARQ feedback in a slot is signaled using SCI in PSCCH-I. 
[bookmark: _Toc525923548]HARQ feedbacks may not always be present in the slot. 
[bookmark: _Toc525923552]The presence of HARQ feedback is signaled in the SCI related to the corresponding data transmission. 
Also, the transmission of HARQ feedback should be confined within the frequency resources allocated for the actual data transmissions. This means that the transmitting UE will implicitly know the frequency resources on which it is expected to receive the corresponding HARQ feedback. This is particularly advantageous to reduce the reception complexity and at the same time decrease the signaling overhead in the SCI. 
[bookmark: _Toc525923553]Frequency allocation of HARQ feedback is implicitly determined from the corresponding data transmission. 
In addition, timing relation of the HARQ feedback with the data reception is fixed. That is, data transmission in slot ‘n’ is always followed by the HARQ feedback in slot ‘n+k’ and the value of ‘k’ can be (pre-)configured based on UE processing capability and/or services. For instance, HARQ-feedback should be supported in the subsequent slot (e.g. k=1) of the data transmission.
[bookmark: _Toc525923554]Fixed timing relation (e.g. k = 1) between (re-)transmissions and HARQ feedbacks are used. 
Figure 2 shows the time/frequency relationship between HARQ feedback and data (re-)transmissions. Observe that not all the data transmissions have an associated HARQ feedback transmission in the Figure 2. Further details on resource allocation procedures are discussed in our corresponding contribution [3]. 
[image: ]
[bookmark: _Ref524942999]Figure 2. Time/frequency relationship between data (re-)transmissions and HARQ feedbacks
2.2	CSIT Acquisition
CSIT acquisition can be facilitated by suitable reference signals, CSI feedback mechanisms, and exploiting sidelink reciprocity when channel reciprocity conditions hold. As it is proposed in [2], 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. 
In NR Uu interface, there are two types of reference signals, i.e., CSI-RS and SRS, for measuring channel and/or interference. Although CSI-RS and SRS have very different characteristics including frequency density, time location, sequence design, multiplexing with data, etc., their purposes are similar. More specifically, they are both used to enable CSI acquisition, precoder selection, beam management, reciprocity-based operation, channel-dependent scheduling, etc. The differences of CSI-RS and SRS are due to the different capabilities of gNB and UE, potentially different waveforms of UL and DL, and some historical reasons. Hence, in our view, for SL we only need one type of CSIT acquisition related reference signal, i.e., SCSI-RS. 
[bookmark: _Toc525923555]For SL CSIT acquisition, a single type of reference signal (here termed as SCSI-RS) is used. 
The SCSI-RS should only be transmitted when a unicast session is established between the UEs of a UE pair. Moreover, SCSI-RS may need to be transmitted even when data transmission is not present in the slot. Thus, from a transmitting UE’s perspective, there are three cases in terms of the information carried in a slot: 
1. SCSI-RS is present but there is no user data. 
2. Only user data is present.
3. Both SCSI-RS and user data are present.
Since SCSI-RS may or may not be present in a slot, we can use the SCI transmitted over PSCCH-I 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. Figure 3 shows the slot structure containing SCSI-RS. 
[bookmark: _Toc525923556]The presence of SCSI-RS in a slot is indicated by an SCI carried by the PSCCH-I.  
Differently from the NR Uu interface, the transmission of SCSI-RS should always be confined within the allocated bandwidth for sidelink transmission. This allows the efficient coexistence of different types of communications i.e. unicast, multicast and broadcast.
[bookmark: _Toc525923557]Transmission of SCSI-RS is confined within the allocated bandwidth for sidelink transmission. 
[image: ]
[bookmark: _Ref524943043]Figure 3. Slot structure containing SCSI-RS
Transmitting SL CSI reports (by the receiver of the SCSI-RS) is illustrated by Figure 4. In our view, the CSI report is carried over PSSCH and is scheduled by PSCCH-I 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]SL CSI reports are transmitted in PSSCH, using the same SCI format as data. 
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 unified design in case of 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]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. 
[image: ]
[bookmark: _Ref524943066]Figure 4. CSI report transmission using PSSCH
Furthermore, similarly to NR Uu, the SL should support both periodic (Figure 5 left) and aperiodic (Figure 5 right) SL CSI reports. In the case of periodic CSI reports, there is no need of explicit/implicit trigger or request of the CSI report. Instead, the reporting UE can be configured with certain periodicity and CSI report format by higher layers during the unicast session establishment phase. The advantages of this periodic reporting are 1) continuous monitoring of channel conditions which can be used to assist the selection of resources and transmission parameters; 2) potentially reduced signaling overhead due to avoiding the explicit triggering. Note that for allocating resources for the report, chain-reservation mechanism can be used as discussed in our companion contribution [3]. An example of aperiodic CSI reporting is illustrated in Figure 5 (right). This reporting mechanism can be applied on a “per-need basis”. For this type of CSI-report transmission, one-shot transmission mechanism can be used. The advantage of this mechanism is a smaller time gap between CSI estimation and reporting when CSIT is requested by the UE.
[bookmark: _Toc525923560]For sidelink CSI-RS transmission and CSI reporting, both periodic and aperiodic mechanisms are supported. 
[image: ]
[bookmark: _Ref524943091]Figure 5. Periodic (left) and aperiodic (right) CSI-RS and CSI reports
2.3	Link Adaptation 
Higher-order modulation operation for sidelink communications can be used to attain higher spectral efficiency in situations with good channel quality. Scenarios that can benefit from the use of 64-QAM (or potentially 256QAM), for example, are those that require high bit rates, such as video data sharing and see-through. On the other hand, in poor channel conditions and when sidelink range (coverage) must be maximized, it is advantageous to use lower rates. The availability of CSIT as described in the above section will enable link adaptation allowing better spectral efficiency. Therefore, due to the distributed nature of resource allocation, it is important that the resource allocation procedures are specified in a way that allows resource reuse and reallocation in case of link adaptation. 
[bookmark: _Toc525923549]Resource allocation procedures should be able to exploit link adaptation. 
In this regard, we allow resource unbooking and flexible resource booking procedures based on sensing which not only take into account the aperiodic nature of V2X applications but also exploit link adaptation. In [3] we describe the details of resource booking procedures. 
[bookmark: _Toc525923561]NR sidelink supports flexible resource (un-)booking procedures. 
2.4	Transmit 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 CSIT, 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]Fast power control is not supported for NR V2X.
Taking into account these basic requirements and considerations, we identify the following power control options for sidelink transmissions.
1. gNB-configured transmit power: In this scheme, the transmit power is configured to some fixed value. The gNB should have the possibility to reconfigure UEs that are under its coverage area to some different fixed value than the initially configured value. The exact mechanisms, including SIB or RRC signaling are for future studies.
2. Hybrid gNB-configured and UE-determined transmit power: In this scheme, the maximum transmit power is configured by the gNB. The transmitting UE sets the sidelink transmit power taking into account this maximum allowed transmit power, as well as other configured parameters and measurements. For example, the UE can be configured by the network to set the transmit power according to an open loop operating point that takes into account the estimated path loss on the sidelink, similarly to the UE behavior on the PUSCH as specified in TS 36.213. Such power control may be useful for applications requiring stable QoS. 

[bookmark: _Toc525923563]As a baseline for SL power control, gNB-configured fixed power control is used for SL unicast transmissions. The need for hybrid gNB-configured and UE-determined transmit power setting for QoS sensitive applications is for further study.
2.5	Multi-antenna transmission schemes
Multi-antenna transmission schemes bring the potential to further improve SL unicast, especially when CSIT is available. 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. Moreover, to more efficiently support use cases such as platooning, directivity gain can be useful to not only enhance the desired link but also reduce interference to other transmissions. In this way, spatial reuse is exploited to further improve system spectrum efficiency. 
Based on the analysis, we propose to study the potential gains in terms of data rate and directivity for multi-antenna schemes to enable efficient SL unicast in both licensed and unlicensed spectrum.  
[bookmark: _Toc521684858][bookmark: _Toc525923564]RAN1 studies the potential gains of multi-antenna transmissions for NR sidelink unicast in both licensed and unlicensed spectrum. In particular, for sidelink directional transmissions, resource allocation mechanisms should be designed to enable efficient spatial reuse. 
3	Technical Enablers of SL Groupcast Communications
Sidelink groupcast (i.e. one-to-many) communication can be applicable in a range of different use cases within the vehicles platooning, extended sensors and advanced driving use case groups, in which a vehicle shares local sensor or other data with a surrounding set of pedestrians or vehicles. From a physical layer perspective, according to RAN1#94 agreement, it is assumed that the set of (potentially large number of) UEs that belong to the same group are associated with a unique Group ID. The Group ID may have been obtained during an appropriate peer or group discovery and group establishment procedure involving higher layer protocols. As with the one-to-many communication specified for ProSe direct communication, to simplify the design, we propose that groupcasting for NR SL V2X is stateless in the sense that the transmitting UE does not maintain CSIT per UE in the group. However, the Group ID – common and known by all group members – may be used both at Layer 2 and/or at the physical layer to identify packets intended to peer group members. We summarize the above design in the following proposals.
[bookmark: _Toc525923565]The Group ID may be used at Layer 2 and/or at the physical layer to identify packets and signals and associate them with the group. 
[bookmark: _Toc525923566]For sidelink groupcast transmissions, the transmitting UE does not maintain CSIT and does not apply channel state dependent link adaptation procedures.
Therefore, the key physical layer enablers of efficient group communications may include layer-1 (re)transmission procedures (including group HARQ), and either an implicit or explicit transmit power control. Below, we discuss the details of these physical layer enablers for groupcast communications.
3.1 Group HARQ 
The main purpose of the group HARQ mechanism is to enhance the reliability of packet delivery over the sidelink. However, given the fact that groupcast still involves multiple users, the group HARQ protocol should be simple to minimize the associated overheads and to be scalable. To this end, we can use the group ID mentioned above not only for the transmission of data packets but also for the ACK/NACK feedbacks. In our view, at least for data transmissions, there is no need for individual source and destination ID as in the unicast, which does not scale well in the case of groupcast.
[bookmark: _Toc525923567]A Group ID is associated with the groupcast transmission and is used for both data transmissions and ACK/NACK feedbacks.
In many V2X use case, we expect that due to node mobility and due to the potentially large number of group members, it will happen with high probability that some of the group members do not receive a packet or cannot decode the received protocol data unit. In these cases, the number of retransmissions must be limited at the transmitting UE side. Such limits on the maximum number of retransmissions may be preconfigured in the UE or it could be configured by the network when in coverage. Furthermore, some rules to limit the retransmission of the packet can be defined. For instance, retransmission is triggered only if a certain number of UEs belonging to a group are unable to receive packets. In case of large groups, it may even be necessary to not allow feedback messages at all to avoid flooding the system. 
[bookmark: _Toc525923550]In groupcast, the event that one UE belonging to a group does not receive a packet may be high, leading to congestion in the network due to HARQ retransmissions.
[bookmark: _Toc525923568]Limit the number of retransmissions in groupcast HARQ.
Also, we propose to study the options that should be available for the transmitting UE when it receives NACK messages from one or multiple group members or when it does not receive any feedback message from group members. 
[bookmark: _Toc525923569]For sidelink groupcast, both (pre-)configured blind retransmissions and HARQ triggered by the reception of NACK messages should be supported.
3.2 Implicit Power Control
The main purpose of power control over sidelink transmissions is to ensure a high packet reception ratio while limiting the consumed battery resources and the interference caused to surrounding receiving UEs. Due to complexity of supporting explicit power control mechanisms for groupcast communication, we propose to consider implicit power control. Implicit power control implies that the transmitting UE may autonomously increase the transmit power level with some increase (delta) up to a preconfigured or network configured maximum level when retransmitting a packet. Note that the delta value can be (pre-)configured to be zero.
[bookmark: _Toc525923570]For sidelink groupcast, the maximum transmit power level as well as an increase (delta) for subsequent retransmissions can be (pre-)configured. 
4	Conclusions
In the previous sections, we made the following observations: 
Observation 1	Layer-1 HARQ provides controlled reliability for V2X applications requiring unicast transmissions.
Observation 2	HARQ feedbacks may not always be present in the slot.
Observation 3	Resource allocation procedures should be able to exploit link adaptation.
Observation 4	In groupcast, the event that one UE belonging to a group does not receive a packet may be high, leading to congestion in the network due to HARQ retransmissions.
Based on the discussion in the previous sections, we propose the following:
Proposal 1	Enable layer-1 HARQ in case of unicast transmissions on NR sidelink.
Proposal 2	The presence of HARQ feedback is signaled in the SCI related to the corresponding data transmission.
Proposal 3	Frequency allocation of HARQ feedback is implicitly determined from the corresponding data transmission.
Proposal 4	Fixed timing relation (e.g. k = 1) between (re-)transmissions and HARQ feedbacks are used.
Proposal 5	For SL CSIT acquisition, a single type of reference signal (here termed as SCSI-RS) is used.
Proposal 6	The presence of SCSI-RS in a slot is indicated by an SCI carried by the PSCCH-I.
Proposal 7	Transmission of SCSI-RS is confined within the allocated bandwidth for sidelink transmission.
Proposal 8	SL CSI reports are transmitted in PSSCH, using the same SCI format as data.
Proposal 9	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 10	For sidelink CSI-RS transmission and CSI reporting, both periodic and aperiodic mechanisms are supported.
Proposal 11	NR sidelink supports flexible resource (un-)booking procedures.
Proposal 12	Fast power control is not supported for NR V2X.
Proposal 13	As a baseline for SL power control, gNB-configured fixed power control is used for SL unicast transmissions. The need for hybrid gNB-configured and UE-determined transmit power setting for QoS sensitive applications is for further study.
Proposal 14	RAN1 studies the potential gains of multi-antenna transmissions for NR sidelink unicast in both licensed and unlicensed spectrum. In particular, for sidelink directional transmissions, resource allocation mechanisms should be designed to enable efficient spatial reuse.
Proposal 15	The Group ID may be used at Layer 2 and/or at the physical layer to identify packets and signals and associate them with the group.
Proposal 16	For sidelink groupcast transmissions, the transmitting UE does not maintain CSIT and does not apply channel state dependent link adaptation procedures.
Proposal 17	A Group ID is associated with the groupcast transmission and is used for both data transmissions and ACK/NACK feedbacks.
Proposal 18	Limit the number of retransmissions in groupcast HARQ.
Proposal 19	For sidelink groupcast, both (pre-)configured blind retransmissions and HARQ triggered by the reception of NACK messages should be supported.
Proposal 20	For sidelink groupcast, the maximum transmit power level as well as an increase (delta) for subsequent retransmissions can be (pre-)configured.
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