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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
This document discusses various items in the agenda item of sidelink physical layer procedures.
The important agreements from the previous 3GPP meeting and V2X SI, captured in TR38.885, are noted down in the relevant sub-items before presenting our views and proposals in those topics.
Multiplexing of Physical Channels
TR38.885:
For the purposes of this section, a PSSCH is said to be "associated" to a PSCCH when the PSCCH carries at least the SCI necessary to decode the PSSCH. The following options for multiplexing of a PSCCH and associated PSSCH are studied:
Option 1: PSCCH and the associated PSSCH are transmitted using non-overlapping time resources.
-	Option 1A: The frequency resources used by the two channels are the same.
-	Option 1B: The frequency resources used by the two channels can be different.
Option 2: PSCCH and the associated PSSCH are transmitted using non-overlapping frequency resources in the all the time resources used for transmission. The time resources used by the two channels are the same.
Option 3: Part of PSCCH and the associated PSSCH are transmitted using overlapping time resources in non-overlapping frequency resources, but another part of the associated PSSCH and/or another part of the PSCCH are transmitted using non-overlapping time resources.
[image: ]
Figure 1: Illustration of multiplexing options for PSCCH and associated PSSCH.
Of the options described above, at least Option 3 is supported. (Editor's note: this is a RAN1 working assumption).

Regarding the multiplexing of PSCCH and PSSCH, in our opinion, the current working assumption of Option 3 is the best choice. It provides the flexibility needed to multiplex the PSCCH in TDM, FDM or a combination of the two with PSSCH. This can be very useful to meet different sizes of resources pools, and different requirements on the need to multiplex, namely latency and reliability (the size of the PSCCH). Thus our proposal will be to confirm the working assumption of Option 3 as the mechanism of multiplexing of PSCCH and PSSCH.

[bookmark: _Hlk7794416]Proposal 1:
For the multiplexing of PSCCH and PSSCH in sidelink transmissions, the current working assumption of Option 3 is confirmed.

HARQ Feedback for Sidelink 
TR38.885: 
For SL unicast and groupcast, HARQ feedback and HARQ combining in the physical layer are supported. 
The following agreements were achieved in R-96 meeting on SL HARQ feedback.
Agreement R1#96:
· (Pre-)configuration indicates the time gap between PSFCH and the associated PSSCH for Mode 1 and Mode 2.

Agreements R1#96B:
· It is supported, in a resource pool, that within the slots associated with the resource pool, PSFCH resources can be (pre)configured periodically with a period of N slot(s)
· N is configurable, with the following values
· 1
· At least one more value >1
· FFS details
· The configuration should also include the possibility of no resource for PSFCH. In this case, HARQ feedback for all transmissions in the resource pool is disabled
· HARQ feedback for transmissions in a resource pool can only be sent on PSFCH in the same resource pool

In our view, the association of PSSCH and PSFCH should be established in (pre-)configuration. This avoids the signaling overhead and both tx and rx know precisely where to expect/transmit the feedback. The time frequency resource for PSFCH, associated to PSSCH, can be periodic in nature and the pre-configuration specifies a time range within which HARQ feedback for a specific transport block can be transmitted. All the PSFCH occasions, falling within the specified range, can be used for this feedback.

[bookmark: _Hlk7794431][bookmark: _Hlk5009432]Proposal 2:
The pre-configuration establishes the association of PSSCH and PSFCH, where the receiver UE can send the feedback for the transport block within a given time range over the PSFCH occasions. The time range itself is also part of the pre-configuration. 

The possibility of configuring feedback occasion (resource) over a multiple of slots is a good step toward efficient resource utilization.

One important issue on HARQ feedback design is as follows: (noted in the feature lead summary in R1-96B Xi’an meeting).
Issue: How to determine the frequency/code resource of PSFCH?
We believe that the frequency/code and resource used for feedback should be part of pre-configuration by default. This may save a lot of overhead of dynamic indication for feedback frequency/resource etc.

[bookmark: _Ref129681832]HARQ Operation for Sidelink Unicast
TR38.885: 
When SL HARQ feedback is enabled for unicast, in the case of non-CBG operation the receiver UE generates HARQ-ACK if it successfully decodes the corresponding TB. It generates HARQ-NACK if it does not successfully decode the corresponding TB after decoding the associated PSCCH targeted to the receiver UE.
Following issue was noted in the feature lead summary in R1#96B Xi’an meeting:
· Issue: Whether to support SL HARQ feedback per CBG? 

CBG based HARQ operation was adopted in NR Rel-15. It allows the receivers to be configured for CBG based HARQ feedback, and then enables re-transmission possibilities only for erroneous CBGs rather than the classical TB based re-transmissions. Thus, CBG based operation can be very useful for large TB sizes. Important to note that the vehicular environment can be much more dynamic than the cellular environment, due to double mobility of Tx and Rx. Thus the probability that partial code block groups are not decoded is higher in sidelink compared to traditional cellular communication involving gNB on one end of the transmission.

[bookmark: _Hlk5009444]Proposal 3:
For sidelink unicast transmissions with HARQ feedback, support CBG based feedback and re-transmissions.

For sidelink unicast, aperiodic traffic and stringent latency constraints can lead to situations when configuration of feedback resources periodically may be inefficient. In such cases, the indication of PSFCH resource via SCI should be supported. Such cases can for example be of interest in Mode 1 where the gNB may be controlling fully the resource allocation.

[bookmark: _Hlk7794496]Proposal 4: 
Support the indication of PSFCH resource in SCI, along with the scheduled PSSCH.

[bookmark: OLE_LINK16][bookmark: OLE_LINK17][bookmark: OLE_LINK27]HARQ Operation for Sidelink Groupcast
TR38.885:
When SL HARQ feedback is enabled for groupcast, it is supported to use TX-RX distance and/or RSRP in deciding whether to send HARQ feedback. In the case of non-CBG operation, two options are supported: (Editor's note: This is a RAN1 working assumption)
Option 1: Receiver UE transmits HARQ-NACK on PSFCH if it fails to decode the corresponding TB after decoding the associated PSCCH. It transmits no signal on PSFCH otherwise.
Option 2: Receiver UE transmits HARQ-ACK on PSFCH if it successfully decodes the corresponding TB. It transmits HARQ-NACK on PSFCH if it does not successfully decode the corresponding TB after decoding the associated PSCCH which targets the receiver UE.

Agreements R1#96B:
· Confirm the following working assumption:
· When HARQ feedback is enabled for groupcast, support (options as identified in RAN1#95):
· Option 1: Receiver UE transmits only HARQ NACK
· Option 2: Receiver UE transmits HARQ ACK/NACK
· Note: RAN1 has not concluded the respective applicability of option 1 vs. option 2 yet

Agreements R1#96B:
· In HARQ feedback for groupcast,
· When Option 1 is used for a groupcast transmission, it is supported 
· all the receiver UEs share a PSFCH
· FFS: a subset of the receiver UEs share a PSFCH
· FFS: all or a subset of receiver UEs share a pool of PSFCH.
· When Option 2 is used for a groupcast transmission, it is supported 
· each receiver UE uses a separate PSFCH for HARQ ACK/NACK.
· FFS: all or a subset of receiver UEs share a PSFCH for ACK transmission and another PSFCH for NACK transmission
· FFS on which entity and how to allocate PSFCH resource to the receiver UE(s)
· FFS whether or not to additionally support a mixture of option 1 and option 2 for a groupcast transmission
· Note: Each PSFCH is mapped to a time, frequency, and code resource.

There are a wide variety of scenarios in groupcast communication. Different scenarios combined with the possibility of different nature of application data with different QoS constraints (reliability, latency etc) lead to varying levels of physical layer reliability requirements. All of these scenarios and requirements may be operational within the groups of varying sizes, ranging from small groups with few members to relatively large groups with dozens of group members. In our point of view, all of these requirements can not be met with option 1 or option 2 alone. For this reason, 3GPP has agreed to keep a choice of feedback in terms of NACK only or ACK/NACK.

For NACK only feedback in Option 1, it is noted as FFS whether all or a subset of receiver UEs share a PSFCH resource. Although from resource efficiency point of view, it may be optimal to use a single resource independent of the group size, the accumulation of large amount of energy over a given feedback resource could be problematic for other ongoing transmissions in the proximity. This situation may deteriorate the communication around a big group involved in groupcast communication. For this reason, in our understanding, it is best to support the two possibilities
i. All of the members in a group can be configured for the same PSFCH resource.
ii. Multiple PSFCH resources can be assigned to subsets of the group for NACK only feedback.

[bookmark: _Hlk7794511]Proposal 5: 
For groupcast communication with NACK only feedback, a single or multiple resource for PSFCH can be configured with each user knowing through pre-configuration where it should send its feedback.

For ACK-NACK feedback in option 2, it is noted as FFS whether all or subset of the group members share a PSFCH resource for ACK (NACK) transmission. In our understanding, the primary motivation for ACK-NACK feedback is to enable identifiability of group members to achieve higher QoS. In case, PSFCH resource is shared for ACK or NACK, the user identifiability can not be guaranteed. It needs to be clarified if the user identifiability is not required, why ACK-NACK based scheme with higher feedback overhead should be prioritized with NACK only feedback.

[bookmark: _Hlk7794526]Proposal 6:
For groupcast communication with ACK-NACK feedback, PSFCH is not shared for ACK/NACK transmission among multiple users.

Another important FFS point in this agreement is about whether the hybrid of Option 1 and Option 2 is allowed. In many scenarios, the groupcast data can have different QoS requirements at different receivers. To accommodate such use cases, different members in the group can be configured with different feedback configurations and parameters. Similarly, in certain scenarios, it could be important for the group/platoon leader to receive the groupcast data with higher priority than other members.
[bookmark: _Hlk5009455]Proposal 7:
For groupcast communication, different members in the group can be configured with different HARQ feedback types leading to the mixed configuration where some members are configured with ACK+NAK, and some members are configured for NAK only feedback. Another example of mixed configuration is to have a different configuration for group leader compared to other group members.

For large sized groups, NACK only feedback can be very promising to manage the feedback resource overhead. The most serious drawback of NACK only feedback is the confusion that it introduces between successful detection and misdetection of SCI (so called DTX problem). To make it effective against DTX, some signaling to detect the previous mis-detection can be introduced. 
[bookmark: _Hlk7794548]Proposal 8:
It is recommended to investigate how to resolve the DTX issue with NACK only feedback. 

An example can be to provide HARQ ID of the previous transport block in the current SCI. This may enable the users to identify what was the HARQ ID of the last transmitted TB, and, if it does not match with their last received TB HARQ ID, leads to the detection of DTX event. The indication of the previous HARQ ID may need certain number of bits, which may not be desirable. To handle this overhead, instead of the previous HARQ ID, a counter of suitable size switching sequentially b/w different transport blocks can be introduced. Further mechanisms can be defined how to enable for receivers to inform the transmitter about the previous DTX event. One example can be to provide two sequences, one for NAK indication of current TB and a different sequence for the DTX indication of the previous TB.
[bookmark: _Hlk5009466]Proposal 9:
For the sidelink groupcast transmissions with NAK only feedback, the HARQ ID (indication) of the previous TB can used in the SCI to enable the users detect the previous DTX event.

DTX detection can be enabled in a group by a variety of procedures. One option is to let the member UE detect the DMRS in the PSCCH and allow the transmission of DTX. Another option can be to allow the member UE detect the ACK/NAK of one reference member in the group over the known feedback resources and transmit DTX detection in the group. The resource used for DTX transmission can be distinct or can be shared with the classical feedback resource. For known periodic traffic, the member UE can be allowed to transmit NAK as soon as it fails (periodic) SCI detection.

Working assumption R1#96B:
· Regarding the use of TX-RX geographical distance and/or RSRP in determining whether to send HARQ feedback for groupcast
· Support at least the use of TX-RX geographical distance
· FFS whether or not to additionally use L1-RSRP
· Companies are encouraged to perform additional evaluations/analysis

Following issue was noted in the feature lead summary in R1#96B Xi’an meeting:
· Issue: Whether or not to support additional condition to disable SL HARQ feedback when (pre-)configuration enables SL HARQ feedback. 
If SL HARQ feedback is configured for groupcast communication, the simplest design is that all the users follow the pre-configuration and always send feedback according to the pre-configuration. This can work in many scenarios but in certain important cases this can make the operation difficult. One example is when the group size becomes very large and it can be very resource consuming to receive feedback from all the group members. Another situation is when there is congestion, which can happen independent of the group size. For this reason, we propose that despite the HARQ feedback pre-configured, it should be possible to introduce an additional condition for HARQ feedback. Furthermore to make this conditioning efficient, this additional condition can be dynamically activated for the users.
[bookmark: _Hlk7794572]Proposal 10:
For sidelink groupcast communication with HARQ feedback enabled, an additional condition can be indicated which may disable HARQ feedback. The transmitter/group-leader can dynamically activate this condition for the (desired) user(s).
There is an additional advantage of this additional condition. This additional condition can be imposed in terms of distance and or RSRP. Thus, this additional condition helps to realize in practice distance/RSRP based feedback. We would like to highlight here the fact that distance measurement can be tricky to realize without sharing additional information and they will also require sharing additional control information among the members leading to resource overhead. Thus RSRP based condition is more suitable to use.
[bookmark: _Hlk7794585]Proposal 11:
RSRP based activation or de-activation of HARQ feedback is supported in groupcast.

For the case of groupcast communication, when the same data is destined to multiple users, it has been agreed that the HARQ feedback can be configured. Contrary to the unicast communication, where CBG based feedback and re-transmission can be very useful, the advantages of CBG based feedback and re-transmissions are not very clear for groupcast communication. First of all, CBG based feedback would incur heavy feedback overhead which can be difficult to accommodate in groupcast. It further makes NAK only scheme impossible to implement and more complicated schemes need to be designed. Secondly, in terms of re-transmission, it would bring gains only if in case of multiple users having partial TB failures, the same CBGs fails in these users. This is certainly possible but given the independent channel realizations and the extremely dynamic nature of the vehicular environment, such events have very low probability of occurrence. This motivates us to support only TB based HARQ feedback and retransmissions for the groupcast transmission.

[bookmark: _Hlk5009485]Proposal 12:
For sidelink groupcast transmissions with HARQ feedback, only transport block-based feedback and re-transmissions are supported. 

CSI Acquisition
TR38.885:
Examples of CSI information for V2X are CQI, PMI, RI, RSRP, RSRQ, pathgain/pathloss, SRI, CRI, interference condition, vehicle motion. For unicast communication, CQI, RI and PMI, or a subset among them, are supported with non-subband-based aperiodic CSI reports assuming no more than 4 antenna ports. The CSI procedure does not rely on a 'standalone' RS. CSI reporting can be enabled and disabled by configuration.
Agreements R1#96B:
· Support at least Sidelink CSI-RS for CQI/RI measurement
· Sidelink CSI-RS is confined within the PSSCH transmission
The following issue was noted down in the feature lead summary of HARQ procedure in R1-96 Athens meeting.
· Issue: Whether or how to design short-term measurement of sidelink signal where L3 filtering is not applied. 
In our view, supporting the short-term measurements can be important for high reliability traffic. The benefit can be significant for unicast and can also be justified to certain extent in certain groupcast scenarios. This can allow very fast link adaptation and also enable certain multi-antenna schemes. This can be particularly useful for platoon use cases with smaller group sizes. Thus the proposal is to support short term measurement for unicast and investigate the feasibility/gains for groupcast.

[bookmark: _Hlk5009495]Proposal 13:
For sidelink unicast communication, short-term measurements reporting to the transmitter are supported.

Power Control
TR38.885:
Open-loop power control procedures are supported for SL. When the transmitting UE is in-coverage, gNB can enable OLPC for a unicast, groupcast or broadcast transmission based on the pathloss between the transmitting UE and its serving gNB. This is in order to mitigate interference to the gNB's UL reception. Additionally, at least for unicast, (pre-)configuration can enable also using the pathloss between the transmitting and receiving UE. The transmitting UE derives the pathloss estimation from a SL RSRP reported by the receiving UE.
To support OLPC, long-term measurements, i.e. with L3 filtering, on SL are supported, at least for unicast.
The SL does not support TPC commands.

Agreements R1#96:
· For unicast RX UEs, SL-RSRP is reported to TX UE 
· For sidelink open loop power control for unicast for the TX UE, TX UE derives pathloss estimation 
· Revisit during the WI phase w.r.t. whether or not there is a need regarding how to handle pathloss estimation for OLPC before SL-RSRP is available for a RX UE 

One relevant issue is related to where the L3 filtering will be performed for RSRP measurements. If L3 filtering is performed at the RX, the RX UE needs to know the Tx power of the reference symbols based upon which it performs filtering. That would imply either this power is kept fixed at the TX UE or always indicated in the control signaling. This problem can be circumvented by moving the filtering operation at the TX UE. With this, the RX UE reports the RSRP values and TX UE will perform the L3 filtering with appropriate coefficients w.r.t. the power of reference symbols over which RSRP was measured.
[bookmark: _Hlk7794627]Proposal 14:
For unicast OLPC, L3 filtering of the RSRP is performed at the TX UE.

We believe that OLPC can be important for groupcast communication as well, for groups of small to moderate sizes. In such cases, the long-term measurement reporting within the group should be supported as an optional feature.
[bookmark: _Hlk7794638][bookmark: _Hlk5009506]Proposal 15:
To support OLPC, long term measurements are supported in groupcast.

Multi-antenna Transmission Schemes
Given the indication received from car manufacturers of vehicles being equipped with 2 antennas, heavily dynamic nature of vehicular channels, and the difficulty of acquiring feedback in groups, only open loop MIMO schemes can be supported in groupcast communication. 
For unicast communication, the case is relatively simple due to the existence of a single receiving device compared to the groupcast communication. We believe that due to the nature of very dynamic vehicular environment requiring extremely fast feedback may be required to see the benefits of closed loop MIMO and MU-MIMO schemes. For this reason, we propose to support open loop MIMO schemes for unicast and groupcast communication. For sidelink unicast, closed loop MIMO schemes can be investigated to quantify the benefits before making specification decisions.

[bookmark: _Hlk5009516]Proposal 16:
For sidelink unicast and groupcast communication, open loop MIMO schemes are supported. 

Beam Management
TR38.885:
RAN1 conducted a limited study on beam management, and concluded that it is beneficial for the SL. In FR1, it is feasible to support V2X use cases without SL beam management. In FR2, it is feasible to support some V2X use cases without SL beam management in some scenarios. To improve communication range in FR2, panel selection is necessary.
From the study conducted in SI, the companies’ views and the time constraints for the Rel-16 WI completion till December 2019, we propose to keep the focus on FR1 to have a mature core technology. The techniques can then be extended to FR2 in a later release.

[bookmark: _GoBack]Conclusions
[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]The following proposals have been made in this document.
Proposal 1: For the multiplexing of PSCCH and PSSCH in sidelink transmissions, the current working assumption of Option 3 is confirmed.
Proposal 2: The pre-configuration establishes the association of PSSCH and PSFCH, where the receiver UE can send the feedback for the transport block within a given time range over the PSFCH occasions. The time range itself is also part of the pre-configuration. 
Proposal 3: For sidelink unicast transmissions with HARQ feedback, support CBG based feedback and re-transmissions.
Proposal 4:  Support the indication of PSFCH resource in SCI, along with the scheduled PSSCH.
Proposal 5: For groupcast communication with NACK only feedback, a single or multiple resource for PSFCH can be configured with each user knowing through pre-configuration where it should send its feedback.
Proposal 6: For groupcast communication with ACK-NACK feedback, PSFCH is not shared for ACK/NACK transmission among multiple users.
Proposal 7: For groupcast communication, different members in the group can be configured with different HARQ feedback types leading to the mixed configuration where some members are configured with ACK+NAK, and some members are configured for NAK only feedback. Another example of mixed configuration is to have a different configuration for group leader compared to other group members.
Proposal 8: It is recommended to investigate how to resolve the DTX issue with NACK only feedback. 
Proposal 9: For the sidelink groupcast transmissions with NAK only feedback, the HARQ ID (indication) of the previous TB can used in the SCI to enable the users detect the previous DTX event.
Proposal 10: For sidelink groupcast communication with HARQ feedback enabled, an additional condition can be indicated which may disable HARQ feedback. The transmitter/group-leader can dynamically activate this condition for the (desired) user(s).
Proposal 11: RSRP based activation or de-activation of HARQ feedback is supported in groupcast.
Proposal 12: For sidelink groupcast transmissions with HARQ feedback, only transport block-based feedback and re-transmissions are supported. 
Proposal 13: For sidelink unicast communication, short-term measurements reporting to the transmitter are supported.
Proposal 14: For unicast OLPC, L3 filtering of the RSRP is performed at the TX UE.
Proposal 15: To support OLPC, long term measurements are supported in groupcast.
Proposal 16: For sidelink unicast and groupcast communication, open loop MIMO schemes are supported. 
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