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1      Introduction
According to the WID for SL enhancement [1], RAN1/RAN2 will study the feasibility and benefit of the enhancement(s) in mode 2 for enhanced reliability and reduced latency in consideration of both PRR and PIR defined in TR37.885, and specify the identified solution if deemed feasible and beneficial. Additionally, inter-UE coordination is described in the WI for consideration with the procedure as such: A set of resources is determined at UE-A. This set is sent to UE-B in mode 2, and UE-B takes this into account in the resource selection for its own transmission.
Besides, the following conclusions have been made in RAN1#103e [2] and RAN1#104e [3] for the guidance of the further study.
	Conclusion:

· The schemes of inter-UE coordination in Mode 2 are categorized as being based on the following types of “A set of resources” sent by UE-A to UE-B:

· UE-A sends to UE-B the set of resources preferred for UE-B’s transmission

· e.g., based on its sensing result

· UE-A sends to UE-B the set of resources not preferred for UE-B’s transmission

· e.g., based on its sensing result and/or expected/potential resource conflict

· UE-A sends to UE-B the set of resource where the resource conflict is detected

· FFS: details of resource conflict, e.g., including type of resource conflict

· FFS: details of sensing operation at UE-A side

· FFS: which type(s) of resource set information is(are) beneficial/feasible to which cast type(s)

· Note: these different types may be used in combination with each other

· From RAN1 perspective, further study on the feasibility/benefit of inter-UE coordination is required

· Send an LS to RAN plenary
Conclusion:

· For the schemes of inter-UE coordination identified as feasible/beneficial, at least the following aspects are further discussed.

· How/when UE-A determines the contents of ”A set of resources”, including consideration of UL scheduling

· When UE-A sends ”A set of resources” to UE-B, including which UE(s) sends it

· How UE-A and UE-B are determined

· How UE-A sends ”A set of resources” to UE-B, including container used for carrying it, implicitly or explicitly or both

· How/when/whether UE-B receives “A set of resources” and takes it into account in the resource selection for its own transmission

· How/whether to define the relationship between support/signaling of inter-UE coordination and cast type
Conclusion:

· RAN1 concludes that the inter-UE coordination in Mode 2 is feasible, and is beneficial (e.g.,  reliability, etc.) compared to Rel-16 Mode 2 RA, and thus recommends specification of the feature.

· The detailed observations can be found in the attachment of the LS




In this contribution, we provide our views for Mode 2 enhancements taking into account the feasibility and benefits.
2      Discussions
2.1     Infomration for inter-UE coordination

To improve mode 2 performance for enhanced reliability and reduced latency, the following assistance information can be transmitted by Rx UE to the Tx UE for inter-UE coordination. 

· (Un-)Preferred resources based on the sensing at Rx UE

So far Tx UE will determine the resources only based on its own sensing. However, the reception is at Rx UE so that it is sensible to consider the sensing results from Rx UE for resource (re-)selection. It can at least address the hidden node problem.

The information on the (un-)preferred/(un-)acceptable resources from Rx UE based on sensing can be provided to avoid the hidden node problem and take into account the channel conditions at Rx UE in addition to the sensing at Tx UE. 

Rx UE can perform sensing similar to the behaviour at Tx UE on the reserved resource indicated in SCI from Tx UE. Based on measured RSRP level and the RSRP threshold, the Rx UE can determine whether the reserved resources indicated in SCI by Tx UE is acceptable/preferred or not. 

· CSI feedback (associated with the preferred resources) 

In addition to the preferred resources for feedback by Rx UE, the CSI information or channel condition related information for the preferred resources can be further provided to assist MCS selection at Tx UE when the preferred resources are selected for transmission.

Besides, CSI is transmitted in the MAC layer with only a few bits in Rel’16, which is not efficient for resource utilization considering at least 10 RBs for the subchannel size. Thus, such CSI information associated with the assistance information for transmission can improve the resource utilization. Ideally, they can be transmitted in the physical channel such as 2nd SCI to avoid uncertainty of the latency caused by HARQ transmissions. 

· Preferred DMRS pattern at Rx UE

In Rel’16, Tx UE selects the DMRS pattern mainly based on its own moving speed rather than the relative moving speed between Tx UE and Rx UE due to lacking of the related feedback from Rx UE. So the DMRS pattern selection is not optimal with potential performance degradation.

The information on the preferred DMRS pattern (i.e., the number of DMRS symbols per slot) can take into account the impact of the relative moving speed (e.g., the observed Doppler spread at Rx UE) and Rx UE’s receiver implementation. Such information can assist the Tx UE to select the proper DMRS pattern for transmission with the optimal channel estimation at Rx UE to achieve the better performance. 

Rx UE can determine the preferred DMRS pattern according to the observed Doppler Spread information (affected by the relative moving speed) and its implementation. 

· Information related to MIMO enhancement

MIMO enhancement can be considered with more directional transmission to enhance its own signal while reducing the interference to the others. If such information can be provided in the assistance information, it can also enhance the reliability and reduce the latency.  

· Information of Tx UE’s 1st SCI forwarded by the assistant UE

The assistance information transmitted by the assistant UE can be the information of the Tx UE’s 1st SCI so that the other sensing UEs far away from the Tx UE or missing the first transmission can still detect the 1st SCI for sensing. This also provides the Tx diversity of the 1st SCI to address of sensing failure issue due to half-duplexing operation, e.g., the sensing UE transmitting data during the transmission of the Tx UE may fail for sensing, but has one more chance to receive the 1st SCI from the assistant UE. The hidden node UEs can also detect the 1st SCI by the extended coverage thanks to 1st SCI forwarding by the assistant UE. (Refer to Option 2-2 in section 2.2)

Proposal 1: The information for inter-UE coordination can be the feedback from Rx UE about the (un-)preferred resources associated with CSI information, the preferred DMRS pattern, the information for MIMO enhancement and the forwarded 1st SCI.
2.2     Channels/signals for Transmission of Assistance Information

Depending on the use case, the packet size for the assistance information and the procedure, there can be serval options for transmission of the assistance information:

· Option 1: Transmission over A/N resources carrying 1 more bit 

The limited assistance information can be delivered with A/N via A/N resources so that there is no need of complicated resource (re-)selection procedure to determine the resources carrying the assistance information.

As shown in Figure 1, when receiving the transmission from UE-B, UE-A will determine whether the reserved resource in the received SCI is preferred/acceptable or not based on its sensing results on the same resources. When UE-A transmits the A/N with the associated assistance information about the preferred resources, one more bit carried by A/N can indicate that the reserved resources in the received SCI are acceptable or not. Accordingly, UE-B can take into account such assistance information for transmission or resource re-selection. 
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Figure 1. Procedure for A/N based assistance information
· Option 2-1: Transmission over 2nd SCI

If the payload size for the assistance information is small, it can be carried over 2nd SCI even without the associated PSSCH. Essentially, 2nd SCI was designed similar to UCI so that some bits can be carried via 2nd SCI directly. Besides, the transmission over 2nd SCI without HARQ support can avoid the uncertainty on the latency compared to the data channel with HARQ.  
· Option 2-2: Transmission over 1st SCI

Since 1st SCI is intended for carrying sensing information, it is possible to rely on 1st SCI to address mutual interference issue while keeping backward compatibility for co-existence of Rel’16 and the later release UEs. For example, the Rx UE can forward the 1st SCI of the Tx UEs to extend the sensing information coverage for addressing the hidden node problems and the sensing failure case caused by the half-duplexing. In this case, Rx UE can forward the 1st SCI from the peer Tx UE. It also provides the Tx diversity for the sensing information transmission by transmitting from the Tx UE and Rx UE respectively. So the chance for the other sensing UEs to miss the 1st SCI sensing information reception is getting slim. For the other Tx UEs, upon receiving such SCIs, they can handle it same as the Rel’16 operation and perform the corresponding resource (re-)selection, as if the received SCI from Rx UE’s transmission is same as the one from the peer Tx UE.   

· Option 3: Transmission over MAC-CE via PSSCH 

If the payload size for the assistance information is large, it can be carried over PSSCH as the normal data packet. It will be subject to the resource (re-)selection and HARQ operation with the uncertainty on the latency, even though it can carry the large and flexible amount of information. 

As shown in Figure 2, the procedure for the assistance information transmission can be illustrated with the following three steps:

Step 1: Rx UE will perform the resource selection for the transmission of the assistance information triggered by the received SCI from Tx UE. The resource selection for the assistance information will be similar to the resource selection in Rel’16 for the data packet. However, it is preferred to select the resources close to the (re-)selection time of the reserved resource at Tx UE so that the assistance information can be more useful to assist Tx UE’s operation. 

Step 2: Rx UE will send the feedback with the assistance information at the time instant close to the re-selection time instant (m’’-T_proc) of the reserved resources. The assistance information should be updated according to the latest sensing or measurement results before its transmission.

Step 3: Tx UE will perform re-evaluation and re-selection based on own sensing results and the assistance information from the Rx UE to determine the resources including the associated DMRS pattern and selected MCS for transmission.

[image: image2.emf]FB trigger for RA 

Tx UE:

SCI

m’

Re-selection window

Rx UE for feedback:

Sensing window

FB

T_proc

n

Selection window

Tx UE performs re-evaluation based on own 

sensing and Rx UE resources feedback 

Rx UE send the feedback with assistance information 

close to re-selection time instant (m’’-T_proc)

m’’

1

2

3

Reservation


Figure 2. Procedure for A/N based assistance information
2.3     Feasiblity Study of Channels/Signals Carrying Assistance Info
Considering the channels/signals for carrying the assistance information and the corresponding procedures, the following table (Table 1) is provided for the evaluation of the feasibility considering the multiple aspects. In general, each solution has its pros and cons. The solution to be adopted may depend on the use case, the assistance information and the corresponding procedures. For example, some assistance information may be transmitted to the target Tx UE whereas some of them are targeting for the potential interfering UEs (or the other sensing UEs). Then the detailed solution or the channels/signals for transmission will be different. So the combination of the presented solutions should not be precluded.
 Table 1. Analysis on the aspects for feasibility of channels/signals carrying the assistance information.
	
	A/N w/ 1 more bit
	2nd SCI
	MAC-CE
	1st SCI

	Assistance info size (System Overhead)
	Small
	Medium
	Large
	Medium

	Container size
	Fixed
	Fixed (by padding)
	Flexible
	Fixed (by padding)

	Resource selection mechanism for transmission of assistance info
	No
	Yes
	Yes
	Yes

	Applicable for Rel’16 UEs
	No
	No
	No
	Yes

	HARQ Retransmission of assistance info
	No
	No
	Yes.
	No

	Latency of assistance info
	Low
	Medium
	High
	Medium

	Reliability of assistance info
	Medium/High
	Medium/High
	High
	Medium/High

	Potential Spec impact
	Medium
	High
	High
	Medium


Proposal 2: Transmission of assistance information over A/N resources, the SCI (1st SCI and/or 2nd SCI) and/or PSSCH can be considered, depending on the use case, the assistance information and the procedure. 
2.4     Examples on Enhanced Resource (Re-)selection and Performance
2.4.1  Resource (re-)selection triggered by status of A/N reception

For scenarios with high PRR, PSSCH decoding failure is mainly due to resource collision. In such a case, not only PSSCH but also SCI cannot be successfully decoded. Suppose there is one Tx-UE#1 sends unicast data signal to an Rx-UE with periodic resource reservation, and meanwhile there is another Tx-UE#2 also applies the same periodic resource reservation pattern in time-frequency domain for periodic resource reservation. Assuming receiving signal strength from Tx-UE#2 at the Rx-UE is not weak, the Rx-UE cannot successfully decodes SCI from Tx-UE#1 because collision happens due to SCI/PSCCH sent by Tx-UE#2 on the same time-frequency resource. If SL_RESOURCE_RESELECTION_COUNTER is > 0, the Tx-UE#1 may transmit SCI/PSSCH that always collide with the signal sent by Tx-UE#2 for multiple times. Such collisions are not avoidable by sensing mechanism because Tx-UE#1 cannot support full-duplexing. In other words, at time slots when Tx-UE#1 transmits signals, it has no chance to perform sensing by receiving SCI from other potential interfering UEs. That is, the existing re-evaluation or resource re-selection won’t be triggered due to lacking of sensing information. On the other hand, since SCI collision happens, the Rx-UE can’ decode SCI and won’t transmit HARQ feedback if HARQ is enabled. 

To overcome this issue, we propose to trigger resource re-selection earlier based on reception status of Rx-UE’s SL HARQ feedback. Since collision happens so that Rx-UE does not realize Tx-UE#1 sends data to it, the Tx-UE#1 cannot receive any HARQ feedback (neither ACK nor NACK) from the Rx-UE. If there is no A/N response consecutively from the Rx-UE for several times (especially for the initial transmission), the Tx-UE should suspect periodic collision and does not need to persist transmission on the problematic resource. Instead, the Tx-UE may trigger resource reselection before SL_RESOURCE_RESELECTION_COUNTER is counted to 0.  

System-level simulations are conducted to verify the solution above. We consider periodic unicast in high-way scenario. In our simulation, we evaluate the performance with additional triggering condition based on the number of A/N occasions (corresponding to the periodic initial transmission) without reception of ACK/NACK from the target Rx-UE.  The number of consecutive A/N occasions without receiving ACK/NACK can be denoted as M, wherein M is set as 0, 2, and 4 as the condition for trigger resource reselection. The other simulation parameters are based on A.1 in TR38.885. Figure 3 shows the proposed solution can improve the performance significantly in terms of the extended coverage for the target PRR for both highway scenario and urban scenario.  
We consider periodic unicast in high-way scenario. Simulation parameters are based on A.1 in TR38.885 with the key parameters shown below:
Table 2. Main Simulation Parameters
	
	Unicast

	SL frequency (GHz)
	6

	Traffic models
	Periodic: Medium intensity; 50 ms inter-packet arrival, 50% vehicles generate packets.

	Simulation environment, UE drop and mobility
	Highway: Option A
Urban

	Number of Tx/Rx antenna elements for vehicle UE1
	2Tx/4Rx for 6 GHz

	Antenna model for vehicle UE
	Option 1

	Channel model
	As defined

	SL simulation bandwidth (MHz)
	20 MHz for 6 GHz
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Figure 3. Performance of resource re-selection triggered by A/N reception status
Proposal 3: For periodic resource transmission, Tx-UE can perform resource re-selection based on reception status of Rx-UE’s SL HARQ feedback in addition to expiring of the re-selection counter to avoid consecutive collisions.  

2.4.2  Resource (re-)selection assisted by UE 
As shown in Figure 4, the resource (re-)selection can be triggered by the information from the assisting UE which can be the “peer Rx UE” from the “peer Tx UE” perspective or the other UE from the “Other Tx UE” perspective. 

As shown in Figure 4, the procedure can be debriefed as below:

· Step 1: The peer Tx UE will send the data associated with SCI which carries the resource reservation information to indicate the time/frequency resources reserved for future transmissions.

· Step 2: Upon receiving the SCI information from the peer Tx UE, the peer Rx UE will check whether the resources reserved in SCI is acceptable or preferred according to the Rx UE’s sensing results in the past. 
· Step 2.A: If the reserved resources are identified as “non-preferred”, the peer Rx UE will send the “non-preferred” indication to the peer Tx UE. Such indication bit can be carried in PSFCH from the peer Rx UE to the peer Tx UE. 
· Step 2.B: If the reserved resources are identified as “preferred”, the peer Rx UE can send SCI with the dummy data targeting to the potential other Tx UEs. The SCI can at least carry the resource reservation information, the priority information and/or the source UE ID information obtained from the SCI of the peer Tx UE. 
For example, the 1st SCI can carry the resource reservation information and the priority information obtained from the 1st SCI of the peer Tx UE. The 2nd SCI can carry the peer Tx UE’s source ID in the field of source UE ID. So it will look like the forwarding of the SCI from the peer Tx UE for the larger coverage to avoid the hidden node problem.
· Step 3.A: Upon reception of the “non-preferred” indication from Step 2.A, the resource re-selection can be triggered at the peer Tx UE to avoid the resources marked as “non-preferred” by the peer Rx UE.
· Step 3.B: Upon reception of the SCI from Step 2.B, the other Tx UE (i.e., the potential interfering UE) can receive the SCI and perform sensing similar to Rel’16 sensing. Accordingly, the other Tx UE will take into account the sensing results for the resource (re-)selection. This can avoid the collision with the peer Tx UE’s transmission and improve the performance at peer Rx UE by avoidance of the hidden node problem. Especially, such forwarded SCI by means of 1st SCI can be recognized by the legacy UEs (e.g., Rel’16 UEs) so that such scheme can be backward compatible.  
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Figure 4. Operation of resource (re-)selection triggered by info from an assisting UE
Additionally, the performance evaluations for this solution have been provided in Figure 5 and Figure 6. They show Rx-UE sensing assisted resource allocation solution can provide larger coverage or better PRR vs. Tx-UE sensing based resource (re-)selection solution.
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Figure 5. Performance of Rx-UE sensing assisted resource allocation
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Figure 6. Performance improved by less control channel failure
Proposal 4: If the resource is preferred by Rx UE sensing, Rx UE can transmit the (backward compatible) peer Tx UE’s SCI information to the other Tx UEs for the extended sensing coverage and triggering the potential resource re-selection at the other Tx UEs. 

Proposal 5: If the resource is not preferred by Rx UE sensing, Rx UE can transmit “non-preferred” indication to the peer Tx UE for triggering the potential resource re-selection. 

3      Conclusion

In this contribution, we provide our views for Mode 2 enhancements with the following proposals for discussion and consideration.
Proposal 1: The information for inter-UE coordination can be the feedback from Rx UE about the (un-)preferred resources associated with CSI information, the preferred DMRS pattern, the information for MIMO enhancement and the forwarded 1st SCI.
Proposal 2: Transmission of assistance information over A/N resources, the SCI (1st SCI and/or 2nd SCI) and/or PSSCH can be considered, depending on the use case, the assistance information and the procedure.
Proposal 3: For periodic resource transmission, Tx-UE can perform resource re-selection based on reception status of Rx-UE’s SL HARQ feedback in addition to expiring of the re-selection counter to avoid consecutive collisions.
Proposal 4: If the resource is preferred by Rx UE sensing, Rx UE can transmit the (backward compatible) peer Tx UE’s SCI information to the other Tx UEs for the extended sensing coverage and triggering the potential resource re-selection at the other Tx UEs.
Proposal 5: If the resource is not preferred by Rx UE sensing, Rx UE can transmit “non-preferred” indication to the peer Tx UE for triggering the potential resource re-selection.
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