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Introduction
A revised work item on NR sidelink enhancement was approved in RAN#90-e meeting [1], with one of the objectives to study the feasibility and benefit of the enhancements in mode 2 for enhanced reliability and reduced latency, and specify the identified solution(s) if deemed feasible and beneficial, as follows:
	· Study the feasibility and benefit of solution(s) on the enhancement(s) in mode 2 for enhanced reliability and reduced latency in consideration of both PRR and PIR defined in TR37.885 (by RAN#91), and specify the identified solution(s) if deemed feasible and beneficial [RAN1, RAN2]
· Inter-UE coordination with the following.
· 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.
· Note: The solution should be able to operate in-coverage, partial coverage, and out-of-coverage and to address consecutive packet loss in all coverage scenarios.
· Note: RAN2 work will start after RAN#89.


In this document, we share our views on a few aspects relating to inter-UE coordination.
Discussion
Inter-UE Coordination Scheme 1
1.1.1. Container for Scheme 1
2.1.1.1 Container for a small set of preferred/non-preferred resources
In inter-UE coordination Scheme 1, UE-A informs UE-B “the set of resources preferred and/or non-preferred for UE-B’s transmission”, which is actually very similar to the resource reservation scheme introduced already in Rel-16 for 5G V2X, where UE-A informs other UEs (including a potential “UE-B”) the set of resources reserved for UE-A’s own transmission. Therefore, we think the most straightforward and backward-compatible container for inter-UE coordination is SCI format 1-A, using a few reserved bits to (re)interpret the purpose of resource reservation such that some of the resources indicated by “Frequency resource assignment” and “Time resource assignment” and “Resource reservation period” fields are not for UE-A itself but for UE-B (e.g. as indicated by the “Destination ID” field in the corresponding 2nd-stage SCI format).
SCI format 1-A also achieves very good backward compatibility with Rel-16 UEs which can take the indicated resources into account in their sensing and resource selection procedures as specified in Rel-16, with no need to care about the newly introduced indication, i.e. which UE the indicated resources are reserved for. And this also resolves the concern that a “preferred set of resources” might be easily outdated due to new reservations from other UEs.
On the other hand, SCI format 1-A comes with a restriction that at most two future resources can be indicated. Therefore, it is most suitable for a small “set of resources preferred and/or non-preferred for UE-B’s transmission”.
Proposal 1: For inter-UE coordination Scheme 1, for a small set of one or two preferred/non-preferred resources, SCI format 1-A is used as the container.
· A number of reserved bits in SCI format 1-A are used to indicate which resource(s) are for inter-UE coordination.
2.1.1.2 Container for a larger set of preferred/non-preferred resources
In RAN1#106-bis-e, it was agreed that “for Condition 1-A-1 of Scheme 1, the set of resources preferred for UE-B’s transmission is a form of candidate single-slot resource as specified in Rel-16 TS 38.214 Section 8.1.4”.
The size of the set of single-slot resources () identified by the procedure in section 8.1.4 of TS 38.214 in Rel-16 is upper bounded by , which could be a very large number especially for a small value of  and a large resource selection window size (which is chosen by UE implementation based on remaining PDB). For resource (re)selection in Rel-16, the size of the set does not matter because it is just shared between the PHY layer and the MAC layer of a same UE, but for inter-UE coordination in Rel-17, the size becomes a matter of concern because the set of identified preferred/non-preferred resources (denoted by  here) has to be signalled from one UE to another UE and there is always a restriction on payload size for any such signalling. We think RAN1 needs to discuss and resolve the following:
· Whether it is feasible to always fully convey the exact set  identified according to the conditions agreed so far in the coordination information; and if not,
· How to restrict the size of the set of preferred/non-preferred resources in the coordination information.
L1 signalling like a new 2nd-stage SCI format is a good choice for the set  in consideration of latency (which is crucial especially for a “preferred” set of resources). On the other hand, a new 2nd-stage SCI format seems to be problematic in conveying a full set , due to the restriction of a max payload size of only tens of bits. Therefore, if a new 2nd-stage SCI format is used, in many cases only a subset of  can be conveyed in that SCI format. 
Even if MAC CE is used, it is desirable to cap the max number of resources to be signalled to a reasonable value in order to avoid too large overhead for signalling of inter-UE coordination information. 
One possible way to impose a restriction on the size of the set  is to define a max payload size for indicating the set , and whenever necessary, only a subset of the set  is included in the coordination information, in order not to exceed the max payload size.
Proposal 2: For inter-UE coordination Scheme 1, (pre-) configure a max payload size for conveying the preferred/non-preferred resource set.
· A subset of the identified preferred/non-preferred resources is conveyed in the coordination information such that the max payload size is not exceeded.
1.1.2. Signalling of resource selection window
In RAN1#106-bis-e, the majority view was to include a resource selection window in an explicit request from UE-B, while a few companies argued that the remaining PDB should instead be included. It is noted that in Rel-16, the resource selection window  is derived by the UE in an implementation-specific manner based on the remaining packet delay budget, in other words, with the same remaining packet delay budget, a “” derived by UE-A would not be the same as the “” derived by UE-B. Therefore, derivation of the “” cannot be done at UE-A. Instead, UE-B should derive the “” and signal it to UE-A.
Similarly to SL CSI request/reporting, a response window (or “latency bound”) can be (pre-) configured for UE-B to decide when to stop receiving the response from UE-A. Since UE-A may respond within any slot before it reaches the end of the response window, UE-B sending an explicit request in slot  should not assume a resource selection window starting earlier than slot  + the length of the response window. Therefore, the starting time location of the resource selection window can be indicated in the explicit request as an offset from slot  + the length of the response window. 
Proposal 3: For inter-UE coordination Scheme 1, the starting slot and length of a resource selection window (RSW) are indicated in an explicit request from UE-B to UE-A.
· The starting slot is no later than the end of a response window associated with the explicit request.
1.1.3. Encoding of the set of preferred/non-preferred resources
In RAN1#106-bie-e the following was proposed by FL, see [2].

	Updated draft proposal 3-10:
· For the set of resources in Scheme 1, down-select one or more of followings for its indication mechanism:
· Option 1: N combinations of TRIV, FRIV, resource reservation period as specified in Rel-16 TS 38.214 Section 8.1.5 with following modification:
· First resource location of each TRIV is separately indicated by the inter-UE coordination information
· FFS: Value of N.
· Option 2: Bitmap indication where each bit indicates whether a pair of sub-channel(s) and slot(s) is included in inter-UE coordination information
· FFS: Granularity in time-and-frequency resources
· FFS: other information (if any) e.g. periodicity
· Option 3: Reuse a single combination of TRIV and FRIV as specified in Rel-16 TS 38.214 Section 8.1.5 with following modification:
· For TRIV, window size of 32 slots is replaced with the value corresponding to the resource selection window
· For FRIV, only combinations of starting sub-channels are indicated
· For a pair of TRIV and FRIV, more than 2 additional resources can be indicated
· Option 4: 2-dimensional resource indicator value
· Each value is associated with a pair of sub-channel(s) and slot(s) is included in inter-UE coordination information
· Option 5: N combinations of slot offset from inter-UE coordination transmission, FRIV, resource reservation period 
· FFS: Value of N.
· FFS whether/when TRIV or slot offset(s) may be indicated without an accompanying FRIV (e.g., to indicate (non-)preferred slots)


Due to the very limited time left for Rel-17, we propose to only consider simple solutions like Option 1 and Option 3, above.
For Option 1, we don’t think the FRIV as specified “in Rel-16 TS 38.214 Section 8.1.5” should be reused “as is”. The reasons are as follows (see also Figure 1 for an illustration),
· In Rel-16, an FRIV was used to indicate two or three parameters: the number of sub-channels (), the starting sub-channels of a second resource (), and the starting sub-channels of a third resource () (if sl-MaxNumPerReserve is 3).
· However, in Rel-17,  is a known value. In fact, it has been agreed that this value is indicated in an explicit request from UE-B to UE-A. Therefore, it makes no sense for UE-A to indicate this value back to UE-B, for each and every resource of a set of resources, resulting in significant waste of bits for the indication.
[image: ]
[bookmark: _Ref86128439]Figure 1. It is a big waste of bits to indicate a same value of  in every FRIV
If RAN1 goes along the direction of Option 1 (i.e. reuse of Rel-16 indications as much as possible), it is proposed to at least remove the unnecessary indication of , e.g.
	If sl-MaxNumPerReserve is 2 then
 
If sl-MaxNumPerReserve is 3 then



Furthermore, regarding the “reference slot” for each TRIV, it seems natural that the set of TRIVs should be sorted in time, and the reference slot of TRIVi+1 is the logical slot next to the last logical slot indicated by TRIVi.
Even with the above proposed changes, Option 1 may not be a good choice because the TRIV/FRIV designed for Rel-16 was for signalling of resources to be used for a TB, which means the signalled resources are always in distinct slots. However, the set of preferred/non-preferred resources may contain multiple resources within a slot, in which case a simple reuse of TRIV/FRIV as defined in Rel-16 may be very inefficient, for example, if there are only 6 resources in the set of preferred/non-preferred resources, 3 in slot , and 3 in slot , then 3 pairs of TRIV/FRIV have to be used, with 3 exactly same TRIVs.
For Option 2, a granularity of one sub-channel / one slot clearly does not seem to work due to too large overhead, and if a larger granularity is instead used, the accuracy of indication as well as the flexibility to adapt to different values of  would be significantly decreased, resulting in some resources in the preferred/non-preferred set not being able to be indicated in the bitmap. For example, for a resource pool with 6 sub-channels, if a granularity of 2 sub-channels are used, and if sub-channel 1 and 5 have been reserved by other UEs, UE-A may include the set of sub-channels {2, 3, 4} in the preferred set of resources (assuming ), however, this “preferred resource” cannot be indicated in the bitmap because sub-channels {0, 1} and {4, 5} have to be marked as unavailable.
On the other hand, we think the bitmap-based approach is simple and efficient in indicating multiple partially-overlapped resources in a same slot, as is the case of the agreed “preferred/non-preferred resources”. To reduce the overhead of Option 2, we propose to only include bits for slots containing at least one “preferred/non-preferred resource”. This could be achieved by separately indicating the set of slots (e.g. in a generalized TRIV as proposed in Option 3).
Proposal 4: For indicating the set of preferred/non-preferred resources in inter-UE coordination Scheme 1, consider the following Options:
· Option 1A: Option 1 with removal of the term  /  in FRIV definition.
· The reference slot of TRIVi+1 is the logical slot next to the last logical slot indicated by TRIVi.
· Option 2A: a generalized TRIV (as proposed in Option 3) and a bitmap with each bit corresponding to one sub-channel in one of the slots indicated by the generalized TRIV.
Inter-UE Coordination Scheme 2
1.1.4. Resource allocation for signalling of inter-UE coordination information
The following was agreed in RAN1#106-bis-e:
	Agreement
For allocating PSFCH resources in Scheme 2, at least following can be (pre)configured separately from those for SL HARQ-ACK feedback.
· Set of PRBs for PSFCH transmission/reception (sl-PSFCH-RB-Set) 


For backward compatibility with Rel-16 UEs, it has to be additionally clarified that the above mentioned “set of PRBs” can only be configured in a resource pool where PSFCH for HARQ-ACK feedback is also configured (as specified in Rel-16). Without such a restriction, since a Rel-16 UE assumes all SL symbols in a slot excluding PSFCH symbols (if any) and gap symbols are for PSCCH/PSSCH, transmission of the new “PSFCH” by Rel-17 UEs may collide with transmission of PSCCH/PSSCH by Rel-16 UEs.
Furthermore, according to the above RAN1 agreement, configuration of the “set of PRBs” is not mandatory, therefore, it has to be clarified that if not configured, the “set of PRBs” is the same as that for PSFCH.
Proposal 5: In Scheme 2, resources for conflict indication
· Can only be configured in a resource pool where legacy PSFCH is also configured.
· Can be configured in PRBs unused for PSFCH, and/or in PRBs used for PSFCH.
The following was agreed in RAN1#106-bis-e:
	Agreement
For Scheme 2, 
· Index of a PSFCH resource for inter-UE coordination information transmission is determined in the same way according to Rel-16 TS 38.213 Section 16.3 with at least following modification
· P_ID is L1-Source ID indicated by UE-B’s SCI
· M_ID is 0
· FFS: How to set m_CS
· FFS: How to set m_0
· FFS: Whether M_ID can be (pre)configured


Regarding the FFSs, in our view, (pre-) configuring M_ID cannot guarantee resource separation between the “new PSFCH” and legacy PSFCH due to the mod operation in calculating the resource index. Therefore, we propose to just set M_ID = 0.
Proposal 6: In Scheme 2, for resources for conflict indication
· M_ID = 0.
Settings of m_0 and m_CS depends firstly on how many values are necessary for conflict indication, and whether the new “PSFCH” can be multiplexed with legacy PSFCH with different cyclic shifts.
· If two values are defined, e.g. “presence of conflict” and “absence of conflict”, then the same set of m_0 and m_CS values for legacy PSFCH can be fully reused for the new “PSFCH” (if not multiplexed with legacy PSFCH in the same set of PRBs), or the cyclic shifts (represented by m_0 + m_CS) unused by legacy PSFCH can be used for the new “PSFCH” (if multiplexed with legacy PSFCH in the same set of PRBs).
· If a single values are defined, e.g. “presence of conflict”, then unlike for legacy PSFCH where a PSFCH resource corresponds to one cyclic shift pair, a new “PSFCH” resource can correspond to a single cyclic shift, and correspondingly the number of available new “PSFCH” resources can be doubled for a given PRB/symbol comparing to legacy PSFCH. In this case, m_CS can be always set to 0, and the table for m_0 values should be slightly modified, e.g. for , valid m_0 values are {0, 6} comparing to {0} for legacy PSFCH. Again, if multiplexed with legacy PSFCH in the same set of PRBs, the cyclic shifts (represented by m_0 + m_CS) unused by legacy PSFCH can be used for the new “PSFCH”.
In our view, a single value for conflict indication is sufficient, hence the following is proposed:
Proposal 7: In Scheme 2, for resources for conflict indication
· A new “PSFCH” resource corresponds to one cyclic shift (rather than one cyclic shift pair as for HARQ-ACK in Rel-16).
· M_CS = 0.
· If not multiplexed with legacy PSFCH, for each m_0 for legacy PSFCH, m_0 and m_0 + 6 can be used for two new “PSFCH”s, respectively.
· If multiplexed with legacy PSFCH, any cyclic shift (represented by m_0 + m_CS) unused by legacy PSFCH can be used for a new “PSFCH”.
1.1.5. Conflict indication in a resource pool with no HARQ-ACK feedback
The RAN1 agreements so far assume that only the following Case 1 is supported:
· Case 1: conflict indication for a resource pool configured with legacy PSFCH.
· Case 2: conflict indication for a resource pool NOT configured with legacy PSFCH.
In our view, conflict indication is in fact much more beneficial in Case 2 where there is no HARQ-ACK to improve the stability of SL transmissions in Rel-16, hence we propose to support conflict indication also in Case 2.
Proposal 8: Conflict indication is supported in both resource pools configured with legacy PSFCH and resource pools not configured with legacy PSFCH.
· A new “PSFCH” resource corresponds to one cyclic shift (rather than one cyclic shift pair as for HARQ-ACK in Rel-16).
· M_CS = 0.

Conclusion
In this contribution, we discuss a few aspects relating to inter-UE coordination, and make the following proposals.
Proposal 1: For inter-UE coordination Scheme 1, for a small set of one or two preferred/non-preferred resources, SCI format 1-A is used as the container.
· A number of reserved bits in SCI format 1-A are used to indicate which resource(s) are for inter-UE coordination.
Proposal 2: For inter-UE coordination Scheme 1, (pre-) configure a max payload size for conveying the preferred/non-preferred resource set.
· A subset of the identified preferred/non-preferred resources is conveyed in the coordination information such that the max payload size is not exceeded.
Proposal 3: For inter-UE coordination Scheme 1, the starting slot and length of a resource selection window (RSW) are indicated in an explicit request from UE-B to UE-A.
· The starting slot is no later than the end of a response window associated with the explicit request.
Proposal 4: For indicating the set of preferred/non-preferred resources in inter-UE coordination Scheme 1, consider the following Options:
· Option 1A: Option 1 with removal of the term  /  in FRIV definition.
· The reference slot of TRIVi+1 is the logical slot next to the last logical slot indicated by TRIVi.
· Option 2A: a generalized TRIV (as proposed in Option 3) and a bitmap with each bit corresponding to one sub-channel in one of the slots indicated by the generalized TRIV.
Proposal 5: In Scheme 2, resources for conflict indication
· Can only be configured in a resource pool where legacy PSFCH is also configured.
· Can be configured in PRBs unused for PSFCH, and/or in PRBs used for PSFCH.
Proposal 6: In Scheme 2, for resources for conflict indication
· M_ID = 0.
Proposal 7: In Scheme 2, for resources for conflict indication
· [bookmark: _GoBack]A new “PSFCH” resource corresponds to one cyclic shift (rather than one cyclic shift pair as for HARQ-ACK in Rel-16).
· M_CS = 0.
· If not multiplexed with legacy PSFCH, for each m_0 for legacy PSFCH, m_0 and m_0 + 6 can be used for two new “PSFCH”s, respectively.
· If multiplexed with legacy PSFCH, any cyclic shift (represented by m_0 + m_CS) unused by legacy PSFCH can be used for a new “PSFCH”.
Proposal 8: Conflict indication is supported in both resource pools configured with legacy PSFCH and resource pools not configured with legacy PSFCH.
· A new “PSFCH” resource corresponds to one cyclic shift (rather than one cyclic shift pair as for HARQ-ACK in Rel-16).
· M_CS = 0.
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