3GPP TSG RAN WG1 Meeting #94bis						R1-1810388
Chengdu, China, October 8th – 12th, 2018

Source:	vivo
Title:	Support of unicast, groupcast and broadcast
Agenda Item:	7.2.4.1.1
Document for:	Discussion and Decision
1. Introduction
It has been discussed in the RAN1 #94 meeting on the support of unicast, groupcast and broadcast in NR sidelink, and reached the following agreements [1].
	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


In this contribution, we provide our consideration on some topics for the support of unicast and groupcast in NR sidelink.

2. Discussion
There are many issues to address in order to support physical layer unicast, groupcast and broadcast for NR sidelink. In this section, we discuss the following aspects.
· Physical layer ID 
· HARQ feedback
· CSI acquisition
· L1 feedback channel
· RS and CSI measurement
· Power control
· Link management

2.1. Physical layer ID 
In LTE, due to the broadcast characteristic, the SCI contains neither the source ID nor the destination ID. In NR, it has been agreed that at least the unicast and groupcast destination ID can be available at the receiver. If for each PSSCH, the SCI indicates the destination ID, during blind searching the receiver can quickly filter out the unwanted PSSCH without decoding, which is desirable to eliminate unnecessary processing load. 
In addition to the destination ID, it may be beneficial to indicate the source ID in SCI as well. This information is useful if the UE would like to filter out or prioritize the PSSCH based on the transmitter in the physical layer, for example, due to link administration or overload control.
However, it may be a concern to include both IDs in SCI, depending on how many bits are designated for physical layer ID. In order to reduce the payload, a compact physical layer ID can be considered.
[bookmark: _Ref525726305]Observation 1: The destination ID is useful in the physical layer to filter out the unwanted PSSCH without decoding.
[bookmark: _Ref525734862]Observation 2: The source ID is useful in the physical layer in order to prioritize the PSSCH for link administration or overload control.

2.2. HARQ feedback
Similar to LTE, sidelink broadcast transmission may still employ multiple replications for ensuring the robustness of the transmission. However, such a scheme is inefficient for unicast or groupcast transmission, where HARQ feedback can be supported to eliminate unnecessary repetition while still maintains robust reception of the target UEs. Moreover, it may assist the transmitting UE for preliminary link adaptation without CSI feedback, e.g., for groupcast transmission. 
If HARQ operation is supported for sidelink, there are many detailed issues to be resolved.
Firstly, to exploit the resource and capability, multiple parallel HARQ processes should be supported. In this case, a UE receives a HARQ feedback needs to know which process it acknowledges, i.e., whether synchronous or asynchronous HARQ operation is used. Synchronous operation may be simpler if persistent feedback occasions can be defined for UE. However, it seems this is not the case in sidelink. Therefore, asynchronous HARQ operation may be more suitable. 
Secondly, the timing of transmitting the HARQ feedback should be clarified. Unlike in NR where the K1 (i.e., the timing for HARQ feedback) can be indicated in DCI, it seems not possible from the transmitting side to indicate the feedback timing and resources, which are scheduled by gNB or reserved by the receiver itself. Moreover, the HARQ codebook based on the association set defined in NR DL is also problematic. Further study is needed on the codebook structure and timing of transmitting the HARQ feedback.
[bookmark: _Ref525673430]Proposal 1: Asynchronous HARQ operation with parallel HARQ processes is supported at least for NR sidelink unicast. Further study is needed on the codebook structure and timing of transmitting the HARQ feedback.

2.3. CSI acquisition
At least for unicast, CSI feedback providing the link properties related to a receiver is important to enable link adaptation at the transmitter. Otherwise, the transmitting UE tends to utilize unnecessarily low modulation scheme and code rate in the practical implementation. Consequently, the spectrum efficiency is too low to support sidelink transmission with higher data rate, e.g., Extended Sensor use case in [2], over the available ITS spectrum, especially when there are multiple UEs performing the broadcast based transmission in the proximity.
Based on the analysis, it seems at least the CQI is needed for sidelink CSI acquisition. Further study is necessary for evaluating whether the multi-layer related reports (i.e., PMI, RI, LI, etc.) are needed to meet the SA KPIs.
L1-RSPR is needed for beam management, which would be discussed in the next section. 
[bookmark: _Ref525726591]Proposal 2: CQI and L1-RSRP report are necessary for sidelink CSI acquisition, while PMI/RI/LI may be introduced in a later phase. 
On the other hand, it is questionable whether CSI feedback is necessary for groupcast. Enabling CSI feedback among every member within the group would significantly increase the overhead, nonetheless, without introducing promising gain. Moreover, given that the discovery of the group and group maintenance may be handled at the application layer, the physical layer may not know the existence of any other group members. The feasibility and benefit of CSI acquisition for groupcast need further study.
[bookmark: _Ref521243432]Observation 3: The physical layer may not know the existence of any other group members for CSI acquisition, and enabling CSI feedback among every member within the group would significantly increase the overhead.

2.4. L1 feedback channel
Another important aspect is how to carry the L1 feedback in the sidelink interface. One option is to introduce a dedicated control channel to collect the feedbacks from each sidelink peers, somehow similar to the PUCCH in uplink. However, unlike the uplink where synchronization between all the UEs multiplexing the PUCCH can be maintained by gNB, it is unlikely that such synchronization can be achieved at the receiving UE in sidelink, especially considering that different synchronization sources may be configured for different transmitters. Moreover, it is challenging to ensure power balance from all the multiplexing UEs at the receiver side. 
Another option is to piggyback the feedbacks in the PSSCH. Compared with the previous option, it does not require coordination between transmitters. The rule for multiplexing the UCI to the PUSCH can be reused to piggyback the sidelink feedbacks, although some modification is needed considering the impact of AGC and GP, as discussed in [3]. Nevertheless, it has less complexity and specification efforts compared with the previous option, and does not require an additional physical layer channel for L1 feedback.
[bookmark: _Ref521243433]Proposal 3: L1 feedback of sidelink is piggybacked in the PSSCH.

2.5. RS and CSI measurement
According to the SI objectives, both FR1 and FR2 should be supported for NR sidelink. In FR2, due to the narrow beamwidth property of millimeter wave, the broadcast transmission would inevitably require beam sweeping to cover multiple UEs scattered in all directions. On the other hand, beam pairing between UEs is desirable for unicast and groupcast transmissions in FR2, as it may better exploit the spatial reuse gain and mitigate the hidden-node and exposed-node problems. Therefore, beam management is important for NR sidelink.
In order to support beam management, reference signals should be properly designed. For CSI derivation and beam measurement, either CSI-RS or SRS may be reused. From an implementation point of view, if the structure of PUSCH were reused for PSSCH, similarly to that in LTE, SRS may be selected in sidelink so that the same transmitter in uplink can be reused in sidelink. 
For L1 and L3 RSRP measurement in downlink, the synchronization signals can be used because for the same cell the gNB is the only sender of SS. However, this scheme may not work in the sidelink, because the same PSSS and SSSS are transmitted from multiple UEs with the same synchronization source. Consequently, the receiver UE has difficulty in measuring the RSRP for the individual transmitter. Some means to distinguish the UE are inevitably needed, such as additional dedicated RS for measurement. Such RS is also desirable for measuring the receiving power of an individual transmitter during power control, which would be discussed in the next section.
[bookmark: _Ref521417958]Proposal 4: SRS may be reused in sidelink for CSI measurement, and additional measurement RS may be needed for L1/L3 RSRP and power measurement.

2.6. Power control
In LTE sidelink design, only open loop power control is supported for sidelink, and the transmitting power (consequently the communication range) is determined by the distance between the UE and the eNB. Longer the distance, larger the communication range, as long as the maximum transmission power is not exceeded. This mechanism may not meet the SA1 requirement for NR sidelink. The advanced V2X services have different QoS requirements, e.g., different communication ranges, for different use cases. As required by SA1 in [2], the transmitting UE should be able to control the communication range of the V2X message sent in sidelink, based on the characteristic of the messages. 
Therefore, the per-destination power control scheme should be considered. More specifically, the power control scheme should allow the transmitting power of the message differs from one to another depending on the type of transmissions (unicast, groupcast or broadcast) and the sidelink destination, instead of the distance to the gNB. For example, in the Vehicle Platooning use case, the communication range of the messages within the platoon should be different from that outside the platoon; the message sent to one specific group (e.g., vehicle within the same platoon) may be transmitted with lower power than that to another group (e.g. the RSU, or the vehicle outside the platoon). 
This scheme is also favorable from a privacy and security perspective. Unlike the basic safety service, some advanced V2X services are intended only for a specific set or group of UEs. Per-group or per-link power control is helpful to ensure only a restricted set of UE can receive the packet. 
Moreover, it is beneficial to reducing the interference, thus achieving higher spatial reuse gain. Furthermore, the transmitting power to some specific target (e.g., the platoon leader) may be higher to increase the robustness. 
[bookmark: _Ref521417959]Proposal 5: Power control scheme should be able to set the transmitting power of each message according to sidelink transmission type or the sidelink transmission destination.

In order to fine tune the transmission power, a close-loop power control scheme can be considered at least for unicast transmission. Therefore, TPC command is needed for close-loop power control, which can be considered as one kind of L1 feedback.
[bookmark: _Ref525673441]Proposal 6: TPC command is supported for close-loop power control and transmitted as L1 feedback.

2.7. Link management 
For groupcast transmission, there is also a need for a mechanism of discovery of the group and group maintenance. It may be handled at application layer based on the V2X messages [5]; however, a mechanism of RAN layer group management would be more optimal, such as to enable HARQ retransmission for groupcast transmission, or to perform preliminary link adaptation within the group.
Similarly, in order to establish and maintain the link between the peer UEs in sidelink for unicast transmission, it should be a mechanism to inform the peer of the existence of the UE and the capability of the UE for the unicast communication. This mechanism is preferable to be a RAN layer procedure to enable parameter negotiation for radio link. A control-plane protocol stack, as well as a physical channel, may be needed. Some further detailed discussion can be found in [4]. 
[bookmark: _Ref521417960]Proposal 7: A control-plane protocol stack, as well as a physical channel, may be needed for link discovery, link establishment and maintenance for sidelink unicast and groupcast.
Moreover, the UE capability should be taken into account for link management. Given the limited processing capability and hardware resource (e.g., soft buffer), it is obviously not possible to set up a large number of unicast or groupcast connections, while still maintains the QoS requirements. During link establishment, the UE may negotiate the available resources to be assigned for the link, and degrade or simply reject the link establishment in the case of out of resource. 
[bookmark: _Ref525723706]Proposal 8: Link management should take into account the limitation of UE processing capability and hardware resource.

3. Conclusion
In the contribution, we provide our consideration on the support of sidelink unicast, groupcast and broadcast, and have the following observations and proposals.
Observation 1: The destination ID is useful in the physical layer to filter out the unwanted PSSCH without decoding.
[bookmark: _GoBack]Observation 2: The source ID is useful in the physical layer in order to prioritize the PSSCH for link administration or overload control.
Observation 3: The physical layer may not know the existence of any other group members for CSI acquisition, and enabling CSI feedback among every member within the group would significantly increase the overhead.

Proposal 1: Asynchronous HARQ operation with parallel HARQ processes is supported at least for NR sidelink unicast. Further study is needed on the codebook structure and timing of transmitting the HARQ feedback. 
Proposal 2: CQI and L1-RSRP report are necessary for sidelink CSI acquisition, while PMI/RI/LI may be introduced in a later phase.
Proposal 3: L1 feedback of sidelink is piggybacked in the PSSCH.
Proposal 4: SRS may be reused in sidelink for CSI measurement, and additional measurement RS may be needed for L1/L3 RSRP and power measurement.
Proposal 5: Power control scheme should be able to set the transmitting power of each message according to sidelink transmission type or the sidelink transmission destination.
Proposal 6: TPC command is supported for close-loop power control and transmitted as L1 feedback.
Proposal 7: A control-plane protocol stack, as well as a physical channel, may be needed for link discovery, link establishment and maintenance for sidelink unicast and groupcast.
Proposal 8: Link management should take into account the limitation of UE processing capability and hardware resource.
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