[bookmark: OLE_LINK3][bookmark: _GoBack]3GPP TSG RAN WG1 #101			R1-2004385
e-Meeting, May 25th – June 5th, 2020

Source:	NTT DOCOMO, INC.
[bookmark: OLE_LINK8][bookmark: OLE_LINK9][bookmark: OLE_LINK21][bookmark: OLE_LINK22]Title:	Remaining issues on resource allocation mechanism mode 2
[bookmark: Source]Agenda Item:	7.2.4.2.2
[bookmark: DocumentFor]Document for: 	Discussion and Decision
1. Introduction
Until RAN1#100b-e meeting [1], we had many discussions and agreements on NR-V2X WID. There are a few remaining issues to make RAN1 specs completed. In this contribution, we share our views on SL RA mechanism mode 2 for NR-V2X.

2. Discussions
2.1. Reservation for a different TB 
In the current specification, reservation of a resource for a different TB is allowed by “Resource reservation period” field only if enabled. As this field indicates only time domain interval between the current transmission and the next transmission, there would be no way to indicate frequency domain resource specific to a different TB. In other words, when a UE transmits a different TB with different frequency domain resources, no reservation (at least for an initial transmission) would be allowed. Since the same frequency domain resources at the next period are reserved/used by other UE, it is an issue that reservation of resources for a different TB with different frequency domain resources is not allowed. This issue needs to be solved in this release in our view as collision of resources is highly likely to happen without reservation in advance.
One possible approach to solve this issue would be to enable to reserve a resource for a different TB by using Time/Frequency resource assignment fields. For transmissions of the same TB (i.e. an initial transmission and retransmission of a TB), the current specification has already covered the reservation of resources for multiple transmissions with different frequency domain resources. It can be reused for a reservation of a resource for a different TB. To distinguish a different TB from the same TB is possible as SCI has HPI and NDI fields. Based on above, we see no issue on reservation of a resource for a different TB by Time/Frequency resource assignment fields. Therefore, we support that reservation based on Time/Frequency resource assignment fields should be allowed for “any” TB, including both the same TB and a different TB. Also, whether the reserved resource is used for the same TB or a different TB is up to UE implementation in our view.
Proposal 1:
· Resource reservation for a different TB by Time/Frequency resource assignment fields is supported.
· Whether the reserved resource is used for the same TB or a different TB is up to UE implementation.


2.2. Reservation for a retransmission of a TB 
	Agreements:
· In Step 2, a UE should/shall select resources so that HARQ retransmission resources can be reserved by a prior SCI, except that
· In case no resource can be found for reservation (e.g., based on the identified candidate set after Step 1) for a retransmission of a TB, the re-transmission can be transmitted on a resource that is not reserved
· After the resource selection is performed, HARQ retransmission on a resource not reserved by a prior SCI is allowed due to transmission dropping caused by prioritization, pre-emption and congestion control
· E.g., in case the identified candidate set after Step 1 does not include a number of resources, equal to the targeted number of re-transmissions, that can be reserved by a prior SCI for a retransmission of a TB, the re-transmission can be transmitted on a resource that is not reserved
· To discuss and conclude “should vs. shall” in RAN1#101




On the reservation for a retransmission of a TB, the discussion on “should vs. shall” needs to be concluded in this meeting. Our view is to support “shall” in above because a retransmission resource for a TB basically need to be reserved be a prior SCI to avoid collisions in our view. If “should” is used, UEs are not mandated to such prior reservation for a HARQ retransmission resource regardless of situations. The clarification that a resource for a HARQ retransmission is required to be reserved by a prior SCI is necessary to avoid such case.
To apply “shall” in above, whether/how to clarify exceptions needs to be discussed. In our view, to clarify exceptions explicitly would not be a good idea, especially considering future releases. There will be other exceptions in future release, but if we describe exceptions based on the current discussion, it would lead to many RAN1 works on such new exceptions. In this sense, our view is to avoid explicit description of exceptions is better. Our proposal is like following:
	Our proposal:
· In Step 2, a UE should/shall select resources so that HARQ retransmission resources can be reserved by a prior SCI, except that
· In case no resource can be found for reservation (e.g., based on the identified candidate set after Step 1) for a retransmission of a TB, the re-transmission can be transmitted on a resource that is not reserved
· After the resource selection is performed, if any HARQ retransmission resource which is originally reserved by a prior SCI is found to be unavailable, the HARQ retransmission on a resource not reserved by a prior SCI is allowed due to transmission dropping caused by prioritization, pre-emption and congestion control
· To discuss and conclude “should vs. shall” in RAN1#101




Observation 1:
· For HARQ retransmissions on reserved resources,
· If ‘should’ is used, UEs can do HARQ retransmissions on unreserved resources anytime.
· Clear description on exceptions to support ‘shall’ lead to many RAN works in future releases.
Proposal 2:
· Support the wording “shall” in the latest agreement on reservation of a HARQ retransmission resource, and add the following note , instead of clear description on exceptions.
· Note: the HARQ retransmission on a resource not reserved by a prior SCI is allowed if any HARQ retransmission resource which is originally reserved by a prior SCI is found to be unavailable

Moreover, following WA also includes “should vs. shall” discussion:
	Working assumption:
· The UE should/shall indicate min(Nselected, N) first-in-time resources when setting the values of frequency resource assignment and time resource assignment in SCI format 0_1, where
· Nselected is the number of resources selected by MAC within 32 slots (including the current one)
· N is the maximum number of resources that can be signalled in one SCI
· To discuss and conclude “should vs. shall” in RAN1#101




Our view is to use “shall” for above also as we do not see any benefit to use “should” above and demerit to use “shall”. In other words, as long as equal to or smaller than Nmax, the number of resources selected by MAX should be indicated in SCI in our view. 
Proposal 3:
· Support the wording “shall” in the latest working assumption on the number of resources indicated in SCI.



2.3. Re-evaluation
	Agreements:
· It is up to UE implementation to reselect any pre-selected but not reserved resource which is still in the identified resource set after Step 1 in order to ensure the timing restrictions during reselection triggered by re-evaluation and/or pre-emption
· The timing restrictions at least include the HARQ RTT related minimum gap Z agreed in RAN1#100e
· FFS how to handle the case that there is no resources satisfying the timing restrictions in the identified resource set after Step 1




Regarding re-evaluation, there still remains a FFS on how to handle the case that there is no resources satisfying the timing restrictions in the identified resource set after Step 1. In our view, even between re-selected resource(s) and pre-selected resource(s), the timing restrictions are top priority. Therefore, if no resource satisfying the timing restriction is found in the identified resource set after Step1, resource re-selection should not be performed and the pre-selected resource should be dropped. Although the number of resources to be reserved would decrease if the pre-selected resource is dropped, violating timing restrictions with the other preselected resources should be avoided. The reason is that the timing restrictions are considered when the UE intents HARQ-based retransmissions. If the violation is allowed, the retransmissions will be blind retransmissions, which are not the UE’s intention. It seems that the mechanism is a bit strange. 
Proposal 4:
· For reselection of pre-selected but not reserved resource, which is triggered by re-evaluation and/or pre-emption, timing restrictions shall be ensured.
· In case of no resources satisfying the timing restrictions after Step 1, resource re-selection is not performed and the pre-selected resource is dropped.


2.4. Pre-emption
	Agreements:
· Once pre-emption re-selection condition is met at the UE, re-selection is performed for all resources which satisfy the pre-emption re-selection condition 
· A UE ensures the HARQ RTT related minimum time gap Z agreed in RAN1#100-e, between re-selected and non-preempted resources during the re-selection triggered by pre-emption
· FFS cases when timing restriction could not be met
· FFS whether/how to extend it to periodic reservations




Regarding pre-emption, there still remains two FFS points. The 1st FFS is how to treat cases when timing restriction could not be met between re-selected and non-preempted resources. On the timing restriction, our view is same as the previous section, i.e. ensuring the timing restriction needs to be prioritized than resource re-selection, even for pre-empted resource. Therefore, we propose that when timing restriction between re-selected and non-preempted resources could not be met, then pre-empted resource(s) is just dropped and no resource re-selection is performed.
Proposal 5:
· Once pre-emption re-selection condition is met at the UE,
· Re-selection for pre-empted resource(s) is not performed and the pre-empted resource is dropped, if no resource satisfying timing restriction with non-preempted resource(s) is found after Step 1.

For the 2nd FFS, our view is that pre-emption and resource re-selection after pre-emption needs to be performed for periodic resource(s) as well. Priority value is assigned for any periodic traffic as well as aperiodic one, and regardless of periodic/aperiodic, traffic with higher priority should be prioritized. Also, after pre-emption, just to drop pre-empted periodic resource is not beneficial. Then resource re-selection should be performed for such pre-empted periodic resource. 
Proposal 6:
· For resources reserved by Resource reservation period field, re-selection is performed for pre-empted periodic resource as well.
· i.e. once pre-emption re-selection condition is met at the UE, re-selection is performed for all resources which satisfy the pre-emption re-selection condition.

2.5. Periodic transmission
On backward indication, following options are identified in [100b-e-NR-5G_V2X_NRSL-Mode-2-04]:
	Proposal 1a (1bit)
· When periodic reservations are enabled in a resource pool, and when a (pre-)configuration indicates that “resource index” signaling is enabled in a resource pool, a separate field of 1 bit in the first stage SCI indicates a “resource index” for the purpose of backward indication
· If resource index = 0, then
· For Nmax = 2 or 3: t0’ = 0, t1’ = t1
· For Nmax = 3: t2’ = t2
· If resource index = 1, then
· For Nmax = 2 or 3: t0’ = -t1 , t1’ = 0
· For Nmax = 3: t2’ = t2 - t1
· where t0, t1, t2 are logical slot offsets with respect to the slot where SCI 0-1 received, obtained from “Time resource assignment”, and t0’, t1’, t2’ are actual logical slot offsets with respect to the slot where SCI 0-1 received
Proposal 1b (full)
· When periodic reservations are enabled in a resource pool, and when a (pre-)configuration indicates that “resource index” signaling is enabled in a resource pool, a separate field of ceil(log2(Nmax)) bit in the first stage SCI indicates a “resource index” for the purpose of backward indication
· If resource index = 0, then
· For Nmax = 2 or 3: t0’ = 0, t1’ = t1
· For Nmax = 3: t2’ = t2
· If resource index = 1, then
· For Nmax = 2 or 3: t0’ = -t1 , t1’ = 0
· For Nmax = 3: t2’ = t2 - t1
· If resource index = 2, then
· t0’ = -t2, t1’ = t1 - t2, t2’ = 0
· where t0, t1, t2 are logical slot offsets with respect to the slot where SCI 0-1 received, obtained from “Time resource assignment”, and t0’, t1’, t2’ are actual logical slot offsets with respect to the slot where SCI 0-1 received
· 


Below are our observations/views on backward indication.
Firstly, we are supportive of backward indication in general. By backward indication, a periodic resource in the next period is able to be sensed by surrounding UE(s) even in case of some of transmitted SCIs in the current period is missed. Regardless of 1 bit or 2 bits, backward indication needs to be supported in our view. Note that the following discussion mainly focuses on Nmax = 3 case.
For 1-bit backward indication (proposal 1a above), compared to 2-bit approach (proposal 1b), lower SCI overhead can be achieved. On the other hand, in the latest proposal 1a by FL, there are some restrictions on time domain resource for resource reservation, which is not suited with the current resource reservation framework in Rel-16 NR SL in our view. For example, a SCI firstly indicates resource index=0 (forward indication), t1=20 and t2=30 respectively. Fig. 1a and 1b below depicts this example from the 2nd resource and 3rd resource. In case of backward indication from the 2nd resource shown in Fig 1a, the 3rd resource (forward resource) can be indicated based on the current FL proposed approach. However, in case of backward indication from the 3rd resource shown in Fig 1b, the candidate resources which can be indicated for the 4th resource (forward resource) are limited due to t1 value to indicate the 2nd resource (backward indication). To indicate the 2nd resource from the 3rd resource, t1 value has to be 10. As t2 value, the values between 11 and 32 are available. Even if t2 value is the maximum one (i.e. 32), the forward resource cannot be scheduled later than slot m+22. This limitation on the 4th resource, which is to be newly reserved, seems contradicted with the resource reservation framework agreed in Rel-16 V2X so far.  In other words, in specific cases, flexibility would degrade on future resource reservation. This restriction seems contradict to the previous agreement regarding selection window. One potential approach to avoid this would be to indicate resource index=0 (forward indication) in case of e.g. the third SC, but the benefit of backward indication is lost.


Fig.1(a) Backward indication from the 2nd resource in the latest FL proposal

Fig.1(b) Backward indication from the 3rd resource in the latest FL proposal
For 2-bit backward indication, it is possible to indicate two backward resources, which is beneficial especially when forward indication is not necessary. Meanwhile, there is a similar issue to proposal 1a. That is, in case of resource index=1, the future resource to be indicated in the SCI is quite limited as shown in Fig 1b above. To reserve a future resource, such limitation on indication is problematic in our view.
Given the consideration above, as another approach using 2 bits for backward indication, we would propose the following: one of the two bits indicates that whether backward or forward resource is indicated by t1, and the other bit indicates that whether backward or forward resource is indicated by t2. In other words, the two bits indicate signs (plus or minus) of t1/t2 values, respectively. Based on this approach, whether t1/t2 is backward or forward indication can be up to TX UE and regardless of backward/forward indication, it can indicate up to two resources between slot (m-32) and (m+32), which means flexible indication of backward/forward resources in any situations. If 2 bits are available for backward indication, the two bits should follow the approach above in our view. The detail of 2-bit approach can be described as follows:
	Proposal 1c (full, our proposal)
· When periodic reservations are enabled in a resource pool, and when a (pre-)configuration indicates that “resource index” signaling is enabled in a resource pool, a separate field of ceil(log2(Nmax)) bit in the first stage SCI indicates a “resource index” for the purpose of backward indication. When Nmax=2, resource index indicates the sign (plus/minus) of t1 value. Otherwise (when Nmax=3), LSB of resource index indicates the sign (plus/minus) of t1 value, and MSB of resource index indicates the sign (plus/minus) of t2 value. 
· If resource index = 0, then
· For Nmax = 2 or 3: t0’ = 0, t1’ = t1
· For Nmax = 3: t2’ = t2
· If resource index = 1, then
· For Nmax = 2 or 3: t0’ = 0, t1’ = -t10
· For Nmax = 3: t2’ = t2
· If resource index = 2, then
· t0’ = 0, t1’ = t1, t2’ = -t2
· If resource index = 3, then
· t0’ = 0, t1’ = -t1, t2’ = -t2
· where t0, t1, t2 are logical slot offsets with respect to the slot where SCI 0-1 received, obtained from “Time resource assignment”, and t0’, t1’, t2’ are actual logical slot offsets with respect to the slot where SCI 0-1 received





Fig.2 Proposal 1c (Resource index = 0)

Fig.3 Proposal 1c (Resource index = 1)

Fig.4 Proposal 1c (Resource index = 2)

Fig.5 Proposal 1c (Resource index = 3)

To summarize, for 1-bit approach, although SCI overhead can be decreased, resource to be reserved in the future can be heavily limited. Besides, for 2-bit approach, based on our proposed interpretation of the two bits, flexible backward/forward indication of both two resources is achieved. Therefore, our first preference is to support 2-bit backward indication based on our proposed interpretation. 
Proposal 7:
· Support backward indication
· For Nmax = 2, 1 bit is used.
· 0 indicates forward indication
· 1 indicates backward indication
· For Nmax = 3, 2 bits are used.
· MSB of the 2-bits indication indicates the sign (plus/minus) of t2 value.
· LSB of the 2-bits indication indicates the sign (plus/minus) of t1 value.

Another issue discussed in the last e-Meeting is whether/how to enhance resource exclusion considering unmonitored slots in sensing window. In our view, just to reuse LTE-V2X, i.e. all (pre-)configured period from the unmonitored slots are excluded, leads too much resource exclusion and system degradation. Then exclusion of “subset” only of (pre-)configured periodic resource(s) from unmonitored slots needs to be supported. For the determination of subset, our proposal is to consider the sensing result in “monitored” slots for unmonitored slots. For example, when a UE does not receive any PSCCH at slot n due to half duplex, then:
· If one or more slots of later period(s), which are determined based on the periodicity, are included in the same sensing window, and if the UE is able to receive SCI at least one of the slots, the periodicity is not included in the subset. 
· Otherwise, the periodicity is included in the subset.
Fig.6 below depicts our proposed definition of subset. In Fig.6, slot m is unmonitored in the sensing window with sensing procedure triggered at slot n. P1, P2 and P3 are (pre-)configured periods. Among the periods, from slot m, slots, which are period P1 and P2 later than slot m (i.e. slot m+P1 and m+P2) respectively, are monitored in the same sensing window. Therefore, these two periods (e.g. P1 and P2) are not excluded from the selection window considering the unmonitored slot in our proposal. Besides, as a slot which is period P3 later than slot m (e.g. slot m+p3) is not included in the sensing window, the period P3 is excluded from the selection window considering the unmonitored slot. This approach intends to exclude from the subset small periodicity that transmissions of the next period will be received in the same sensing window. Based on the approach above, without any additional overhead, the sensing UE is able to reduce the number of resources excluded from the selection window considering unmonitored slots in the sensing window, and avoid excluding the resources which are actually available for the UE. 

Fig.6 Subset determination

Proposal 8:
· Support exclusion of “subset” of (pre-)configured periodic resource(s) considering unmonitored slots
· The subset is determined by the following:
· A UE does not receive any PSCCH at slot n due to e.g. half duplex (i.e. unmonitored slot), then:
· If one or more slots of later period(s), which are determined based on the periodicity, are included in the same sensing window, and if the UE is able to receive SCI at least one of the slots, the periodicity is not included in the subset.
· Otherwise, the periodicity is included in the subset.


3. Conclusion
In this contribution, we discussed the remaining issues on SL RA mode 2. Proposals are summarized as following: 
Proposal 1:
· Resource reservation for a different TB by Time/Frequency resource assignment fields is supported.
· Whether the reserved resource is used for the same TB or a different TB is up to UE implementation.
Observation 1:
· For HARQ retransmissions on reserved resources,
· If ‘should’ is used, UEs can do HARQ retransmissions on unreserved resources anytime.
· Clear description on exceptions to support ‘shall’ lead to many RAN works in future releases.
Proposal 2:
· Support the wording “shall” in the latest agreement on reservation of a HARQ retransmission resource, and add the following note , instead of clear description on exceptions.
· Note: the HARQ retransmission on a resource not reserved by a prior SCI is allowed if any HARQ retransmission resource which is originally reserved by a prior SCI is found to be unavailable
Proposal 3:
· Support the wording “shall” in the latest working assumption on the number of resources indicated in SCI.
Proposal 4:
· For reselection of pre-selected but not reserved resource, which is triggered by re-evaluation and/or pre-emption, timing restrictions shall be ensured.
· In case of no resources satisfying the timing restrictions after Step 1, resource re-selection is not performed and the pre-selected resource is dropped.
Proposal 5:
· Once pre-emption re-selection condition is met at the UE,
· Re-selection for pre-empted resource(s) is not performed and the pre-empted resource is dropped, if no resource satisfying timing restriction with non-preempted resource(s) is found after Step 1.
Proposal 6:
· For resources reserved by Resource reservation period field, re-selection is performed for pre-empted periodic resource as well.
· i.e. once pre-emption re-selection condition is met at the UE, re-selection is performed for all resources which satisfy the pre-emption re-selection condition.
Proposal 7:
· Support backward indication
· For Nmax = 2, 1 bit is used.
· 0 indicates forward indication
· 1 indicates backward indication
· For Nmax = 3, 2 bits are used.
· MSB of the 2-bits indication indicates the sign (plus/minus) of t2 value.
· LSB of the 2-bits indication indicates the sign (plus/minus) of t1 value.
Proposal 8:
· Support exclusion of “subset” of (pre-)configured periodic resource(s) considering unmonitored slots
· The subset is determined by the following:
· A UE does not receive any PSCCH at slot n due to e.g. half duplex (i.e. unmonitored slot), then:
· If one or more slots of later period(s), which are determined based on the periodicity, are included in the same sensing window, and if the UE is able to receive SCI at least one of the slots, the periodicity is not included in the subset.
· Otherwise, the periodicity is included in the subset.
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