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Mode-2 resource allocation was discussed in RAN1#98bis, with substantial progress. In particular, the following agreements were reached:
· Maximum number of HARQ (re-)transmissions is (pre-)configured per priority per CBR range per transmission resource pool	
· The priority is the one signaled in SCI
· This includes both blind and feedback-based HARQ (re)-transmission
· The value range is any value from 1 to 32
· If the HARQ (re)transmissions for a TB can have a mixed blind and feedback-based approached (FFS whether or not to support this case), the counter applies to the combined total

· Resource (re-)selection procedure supports re-evaluation of Step 1 and Step 2 before transmission of SCI with reservation
· The re-evaluation of the (re-)selection procedure for a resource reservation signalled in a moment ‘m’ is not required to be triggered at moment > ‘m – T3’ (i.e. resource reselection processing time needs to be ensured)
· FFS condition to change resource(s) from previous iteration to resource(s) from current iteration
· FFS relationship of T1 and T3, if any
· FFS whether to handle it differently for blind and feedback-based retransmission resources

· In Step 1, initial L1 SL-RSRP threshold for each combination of pi and pj is (pre-)configured, where pi - priority indication associated with the resource indicated in SCI and pj - priority of the transmission in the UE selecting resources

· In Step 1, when the ratio of identified candidate resources to the total number of resources in a resource selection window, is less than X%, all configured thresholds are increased by Y dB and the resource identification procedure is repeated
· FFS value(s)/configurability of X 
· At least one value of X=20
· Y=3
· FFS other conditions to stop RSRP threshold increment, if any

· Support a resource pre-emption mechanism for Mode-2
· A UE triggers reselection of already signaled resource(s) as a resource reservation in case of overlap with resource(s) of a higher priority reservation from a different UE and, SL-RSRP measurement associated with the resource reserved by that different UE is larger than an associated SL-RSRP threshold
· Only the overlapped resource(s) is/are reselected
· FFS
· the timeline for reselection
· other details
· FFS whether or not to support other potential UE behaviour (e.g, power boosting/reduction)
· This mechanism can be enabled or disabled, per resource pool
· FFS details
In addition, several follow up email discussions lead to substantial agreements:
· Support at least an initial transmission and reservation of the resource(s) for retransmission(s) to have the same number of sub-channels
· To down-select in the early week of RAN1#99 one of the following: 
· Alt. 1-1: Support a single sub-channel PSCCH+PSSCH reserving resource(s) for retransmission(s) of a TB with a larger number of sub-channels, where PSSCH REs are occupied by 2nd stage SCI and by SCH 
· 1 bit indication is carried in 1st stage SCI to distinguish the single sub-channel
· TBS is determined based on number of sub-channels indicated for reserved resource(s)
· RV is determined based on explicit field in 2nd stage SCI (as agreed)
· Alt. 1-2: Support a single sub-channel PSCCH+PSSCH reserving resource(s) for the initial transmission and possibly retransmission(s) of a TB with a larger number of sub-channels, where all available PSSCH REs in the single sub-channel PSCCH+PSSCH are occupied only by 2nd stage SCI 
· 1st stage SCI indicates that PSSCH REs are occupied by 2nd stage SCI
· Alt. 2: Do not support the different number of sub-channels between initial transmission and reservation of resource(s) for retransmission(s) 
· Alt 1 is not supported in this case
· Companies are encouraged to provide more analysis and evaluations for the above 3 alternatives

· When reservation of a sidelink resource for an initial transmission of a TB at least by an SCI associated with a different TB is disabled, NMAX is 3
· SCI signaling is designed to allow to indicate 1 or 2 or 3 resources at least of the same number of sub-channels with full flexibility in time and frequency position in a window W of a resource pool 
· FFS: if full flexibility is limited in some cases
· Value 2 or 3 is (pre-)configured per resource pool
· FFS size of window W

· When reservation of a sidelink resource for an initial transmission of a TB at least by an SCI associated with a different TB is enabled, select in RAN1#99 from the following: 
· Option 1-a. A period > W is additionally signaled in SCI and the same reservation is applied with respect to resources indicated within NMAX within window W at subsequent periods 
· FFS number of subsequent reservation periods
· FFS NMAX is always same regardless if a period > W is additionally signaled or not for SCI size perspective. 
· Option 1-b. A time gap > W is additionally signaled in SCI and the same reservation is applied with respect to resources indicated within NMAX within window W at resources indicated by the time gap 
· FFS NMAX is always same regardless if a time gap > W is additionally signaled or not for SCI size perspective. 
· Option 2. There is no additional field (NDI and HARQ ID are used at the moment of SCI reception) to distinguish reservation for another TB), and at least one of NMAX resources can be signaled beyond window W

· For a given time instance n when resource (re-)selection and re-evaluation procedure is triggered 
· The resource selection window starts at time instance (n + T1), T1 ≥ 0 and ends at time instance (n + T2) 
· The start of selection window T1 is up to UE implementation subject to T1 ≤ Tproc,1
§  T2 is up to UE implementation with the following details as a working assumption:
·       T2 ≥ T2min
·       If T2min > Remaining PDB, then T2min is modified to be equal to Remaining PDB
·       FFS other details of T2min including whether the minimum window duration T2min - T1 is a function of priority
§  UE selection of T2 shall fulfil the latency requirement, i.e. T2 ≤ Remaining PDB
· A sensing window is defined by time interval [n – T0, n – Tproc,0) 
· T0 is (pre-)configured, T0 > Tproc,0 FFS further details
· FFS, if Tproc,0 and Tproc,1 are defined separately or as a sum 
· FFS relation of T3, Tproc,0, Tproc,1 
· Time instances n, T0, T1, T2, T2min are measured in slots, FFS Tproc,0 and Tproc,1
· A UE is expected to select resources for all intended (re-)transmissions within the PDB, i.e. the number of intended (re-)transmissions is an input to the resource (re-)selection procedure

In this contribution, we discuss resource allocation mode-2. We provide our views on the sensing and resource allocation algorithm, the resource reservation process and resource allocation mode-2 for public safety applications.

Sensing and resource allocation procedure
In this section, we discuss how resources can be allocated for mode -2. An illustration of mode-2 is shown in Figure 1. Both control and data are sent on the sidelink.
[image: ]
[bookmark: _Ref20749029]Figure 1. Mode-2 communication
Sensing
At RAN1#98, decisions were taken that make the sensing/resource selection procedure very similar to the LTE-V procedure:
· Sensing is based on the information in the SCI and on the L1 SL-RSRP measurements
· A resource selection window is defined
· Identification of candidate resources in the resource selection window
The resource allocation procedure is shown in Figure 1.


[bookmark: _Ref20746236]Figure 2. Sensing and resource selection operation for LTE V2X mode 4.
As it can be seen, the sensing procedure as agreed so far is essentially the same as LTE. We suggest reusing the sensing procedure ‘as is’ for the following reasons:
· The LTE sensing procedure has been shown to perform well
· While mostly designed for periodic traffic, the procedure can accommodate non-periodic traffic as well
· Unlike LTE-V, NR V2X supports unicast with HARQ. This mechanism can ensure that high reliability is achieved
· With a short resource selection window and short slot duration, latency can be low. 
Therefore, given the RANP guidance of  “in order to expedite the V2X sidelink work, RAN1 is advised to reuse NR Uu design and/or LTE sidelink design to the greatest extent appropriate, unless there are strong reasons to deviate from these,” the sensing procedure of LTE-V is reused. In particular, we propose to reuse the 1s sliding window, since it covers all periodicities anticipated for V2X traffic
Proposal 1: 
· The sensing procedure of LTE-V is used for NR V2X
· The sensing window duration (T0) is 1s
For sensing purpose, it was agreed to use SL-RSRP. The question of using other metrics such as SL-RSSI was discussed: a UE would measure SL-RSSI regardless of whether the SCI has been decoded or not. This has the merit of providing a quality resource indicator even without being able to decode the SCI. In our view, such a process is no needed: a measure of SL-RSSI provides an instantaneous measure, but without the SCI being decoded, it is impossible to predict if the interference on this resource will still occur in the future. Thus, we do not see how SL-RSSI could be helpful for sensing and suggest using SL-RSRP and SCI decoding only.
Proposal 2: 
SL-RSSI is not used for sensing

Resource selection
For NR mode 2 sidelink NR V2X, the resource selection procedure can also be quite similar to the one for LTE mode 4 sidelink. There are still parameters for discussion. In particular, in step 1, there is still an FFS if values other than 20% of the resources where needed, or if this value (referred to as X) should be configurable. In our opinion, there is no strong motivation to support values other than 20%, and unless clear performance benefits can be shown with other values, we suggest that RAN1 only considers 20%.
For LTE mode 4, once the UE has obtained an acceptable set of resources (below an RSRP threshold), the UE randomly selects in this set of resources. This is too limiting for NR V2X: per the WID [1], RAN1 has the following objective:
· CSI acquisition for unicast [RAN1]
· CQI/RI reporting is supported and they are always reported together. No PMI reporting is supported in this work. Multi-rank PSSCH transmission is supported up to two antenna ports.
· In sidelink, CSI is delivered using PSSCH (including PSSCH containing CSI only) using the resource allocation procedure for data transmission.
The CSI information, when available, should be used in the resource selection process. When there is no CSI information available, and the UE can randomly select a resource from the candidate resource with equal probability. The set of candidate resources can be obtained with the same procedure as LTE-V: based on the sensing the UE determines the available resources in the selection window. If at least 20% of resources are available, the UE can select a resource. The resource is randomly selected from the available resources with equal probability.  If less than 20% of resources are available, the UE increases all thresholds by 3 dB (such as the RSRP threshold), then repeats the procedure until at least 20% of the resources are occupied.
When CSI information is available, this process can be reused to a large extent. The LTE-V sensing procedure is used to obtain the available resources in the resource selection window. Then, CSI can be included by skewing the probability of selecting a given resource or even excluding resources if the CSI indicates a resource with bad quality.
Proposal 3:
· The set of candidate resources in the resource selection window is the same as the LTE-V procedure:
· Only X=20% is supported
· If CSI is not available, the UE selects one of the available resources with equal probability
· If CSI is available, the UE skews the probability based on the CSI information and selects a resource based on the probabilities
Resource selection procedure for public safety
As explained in our companion contribution [2], it is expected that the minimum ProSe requirements can be met with the sidelink being designed for V2X. However, power consumption can be an issue. The current V2X sidelink is being designed with little thought for power consumption, and it can be argued that most of the design so far assumes continuous/near continuous monitoring of the sidelink. This continuous sidelink monitoring was analyzed for Rel-14 V2P communications, and it was shown that continuous sidelink monitoring was a significant power drag for pedestrian UEs. For public safety, the problem is extremely similar to V2P, and continuous sidelink monitoring would be an issue for power consumption and battery life.
Observation: power consumption is an issue for public safety applications
For LTE V2P, solutions were defined and led to significant power savings when compared with a V2V UE. In particular, the requirement for continuous sidelink monitoring was lifted by eliminating the 1s sensing before transmission. 
· V2P UEs can perform random resource selection without performing sensing
· V2P UEs can only perform partial sensing with sensing only 100ms instead of a full second
Similar solutions can be developed that are applicable for both V2P and for ProSe communication in NR. While sidelink power savings in general may be considered as a possible focus area for rel-17, it is worth considering that some simple solutions could be standardized in Rel-16 as part of resource selection with little extra time needed. In particular, a random resource selection relying on transmission patterns as done for Rel-12 LTE D2D could be standardized very quickly. with the transmission pattern can reuse what is developed for blind HARQ transmissions if a relatively large number of blind HARQ transmissions is allowed.  
Supporting random resource selection on the sidelink is simple and can be achieved at low cost:
· Sensing can be disabled using one bit in the resource pool configuration
· The exceptional resource pool defined in Rel-14 can be reused: with the exceptional resource pool, the UEs transmit without sensing. ProSe UEs could transmit in the exceptional resource pool only. If a large exceptional resource pool is configured (and possibly no other resource pool configured), the ProSe UEs have ample resources to communicate
Thus, supporting no-sensing operation for public safety UEs only is easy and should be supported in Rel-16.
Proposal 4: public safety UEs can transmit without sensing:
· Option 1: a resource pool can be configured for no-sensing operation
· Option 2: the public safety UEs transmit in the exceptional resource pool only

Reservation procedure
After the emails discussion of RAN1#98b the reservation process was agreed and is shown in Figure 3.

[image: ]
[bookmark: _Ref23944087]Figure 3. Reservation procedure
There are two FFSs that need to be addressed:
Whether full flexibility to indicate the retransmissions is limited in some cases
The size of window W where the retransmissions can be located
[bookmark: _GoBack]In our view, full flexibility is not always needed since it leads to a large amount of signaling. With three transmissions, the UE would need to transmit the frequency resource allocation three times, and also indicate the time location of the two retransmissions. This would require a significant amount of bits: assume a time window of 16 slots and 10 subchannels (corresponding to 100MHz with a 10MHz subchannel size). 3 resource allocations are needed (4 bits for each), and 2 time resource allocations within the window are needed, for a total of 20 bits. Most of the time, such extreme flexibility is not needed. A better approach is to indicate the first transmission, and to have the second and third transmissions located using a pattern. Having the indication of the first frequency resource allocation (4bits), and a resource patterns with 8-9 bits should be enough, defining 256-512 patterns to be used.
Proposal 5: It is possible to indicate up to three transmissions at a time with the following signaling mechanism in the SCI:
Frequency allocation of the initial transmission
A pattern to indicate the second and third transmissions

Regarding the value of W, we note that this value is highly dependent on the traffic type: for low latency traffic, W needs to be small, whereas for services with higher latency budget, there is no such requirement. However, one bid advantage of reserving three transmissions at a time is when the latency budget is small: by scheduling blind transmissions that are close in time, faster than the HARQ feedback can be sent and processed, low latency is guaranteed. Thus, a small value for W is useful. In our view, W=8 would be enough to get all the benefits of blind retransmission. We propose to use 16 to provide more scheduling flexibility, and to make sure that the UE can find 3 free resources with a reasonable probability.
Proposal 6: the size of window W is 16 slots

Support for early termination
When one UE transmits data and receives an ACK before all resources for reserved retransmissions are exhausted, two behaviors are possible:
· Option 1: the UE does not transmit on the reserved resources for the subsequently reserved transmissions, as shown in Figure 6.
· Option 2: the UE uses the previously reserved resources for transmission of a subsequent packet, as shown in Figure 7.
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[bookmark: _Ref20749297]Figure 6. Illustration of Option 1. Resources for the 3rd transmission are kept unused
[image: ][image: ]
[bookmark: _Ref20749306]Figure 7. Illustration of Option 2. Resources for the 3rd transmission are assigned for the transmission of another packet
Option 2 presents several issues: first, the reuse of the previously reserved resources for another packet transmission can work only if the amount of resources needed is the same as the previous packet. For unicast traffic, with high mobility conditions, this is a case that will probably be relatively unlikely to happen. Second, the UE will have to send another reservation message to reserve the 3rd transmission of the second packet. Thus, option 2 does not appear to be really desirable.
Proposal 7: When one UE transmits data and receives an ACK before all resources for reserved retransmissions are exhausted, the UE does not transmit on the reserved resources for the subsequently reserved transmissions.
Initial transmission
Some agreements were reached for the initial transmission during the email discussions following RAN1#98b:
· When reservation of a sidelink resource for an initial transmission of a TB at least by an SCI associated with a different TB is enabled, select in RAN1#99 from the following: 
· Option 1-a. A period > W is additionally signaled in SCI and the same reservation is applied with respect to resources indicated within NMAX within window W at subsequent periods 
· FFS number of subsequent reservation periods
· FFS NMAX is always same regardless if a period > W is additionally signaled or not for SCI size perspective. 
· Option 1-b. A time gap > W is additionally signaled in SCI and the same reservation is applied with respect to resources indicated within NMAX within window W at resources indicated by the time gap 
· FFS NMAX is always same regardless if a time gap > W is additionally signaled or not for SCI size perspective. 
· Option 2. There is no additional field (NDI and HARQ ID are used at the moment of SCI reception) to distinguish reservation for another TB), and at least one of NMAX resources can be signaled beyond window W
In our view, option 1 is preferable since the main motivation for multiple reservations at once is to be able to transmit a packet with low latency. Option 1 ensures that reservations for the transmission of a single packet are ready. In addition, option 2, is more complicated, and is applicable only when a UE has more than one packet in its buffer. Given that a lot of the V2X traffic is periodic, quite often, the UE will only have one packet to transmit at a given time.
We do not have strong views between option 1-a and option 1-b. However, option 1-a is preferable for periodic traffic, thus is slightly preferred. In order to keep things simple, NMAX should always be the same. For the number of subsequent reservation periods, there are two possibilities:
· Alt. 1: only one subsequent period is reserved, but when sensing, a UE assumes that the number of reservations is infinite (same behaviour as LTE)
· Alt. 2: the number of reservations is indicated in the SCI
Given that the V2X traffic is either event-driven, with a single packet transmission, or periodic, with a large number of packet transmissions, alt. 1 is preferable.
Proposal 8: Adopt option 1-a:
· A period > W is additionally signalled in SCI and the same reservation is applied with respect to resources indicated within NMAX within window W at subsequent periods 
· only one subsequent period is reserved, but when sensing, a UE assumes that the number of reservations is infinite (same behavior as LTE)
· NMAX is always the same 

In addition, for the initial transmission, RAN1 has to downselect between the following:
· Alt. 1-1: Support a single sub-channel PSCCH+PSSCH reserving resource(s) for retransmission(s) of a TB with a larger number of sub-channels, where PSSCH REs are occupied by 2nd stage SCI and by SCH 
· 1 bit indication is carried in 1st stage SCI to distinguish the single sub-channel
· TBS is determined based on number of sub-channels indicated for reserved resource(s)
· RV is determined based on explicit field in 2nd stage SCI (as agreed)
· Alt. 1-2: Support a single sub-channel PSCCH+PSSCH reserving resource(s) for the initial transmission and possibly retransmission(s) of a TB with a larger number of sub-channels, where all available PSSCH REs in the single sub-channel PSCCH+PSSCH are occupied only by 2nd stage SCI 
· 1st stage SCI indicates that PSSCH REs are occupied by 2nd stage SCI
· Alt. 2: Do not support the different number of sub-channels between initial transmission and reservation of resource(s) for retransmission(s) 
· Alt 1 is not supported in this case
In our view, Alt. 2 is simple and should be supported in Rel-16. Having the same number of occupied subchannels simplifies the overall system design. Optimizations, along the lines of Alt. 1-1 or 1-2, or others, should be carefully evaluated, and should be revisited in Rel-17.
Proposal 9: 
· Do not support the different number of sub-channels between initial transmission and reservation of resource(s) for retransmission(s) 
· Revisit in future releases if other schemes should be considered


[bookmark: _Ref129681832]Conclusions
In this contribution, we discussed mode-2 scheduling. We propose the following:
Proposal 1: 
· The sensing procedure of LTE-V is used for NR V2X
· The sensing window duration (T0) is 1s
Proposal 2: 
SL-RSSI is not used for sensing

Proposal 3:
· The set of candidate resources in the resource selection window is the same as the LTE-V procedure:
· Only X=20% is supported
· If CSI is not available, the UE selects one of the available resources with equal probability
· If CSI is available, the UE skews the probability based on the CSI information and selects a resource based on the probabilities
Proposal 4: public safety UEs can transmit without sensing:
· Option 1: a resource pool can be configured for no-sensing operation
· Option 2: the public safety UEs transmit in the exceptional resource pool only
Proposal 5: It is possible to indicate up to three transmissions at a time with the following signaling mechanism in the SCI:
Frequency allocation of the initial transmission
A pattern to indicate the second and third transmissions

Proposal 6: the size of window W is 16 slots
Proposal 7: When one UE transmits data and receives an ACK before all resources for reserved retransmissions are exhausted, the UE does not transmit on the reserved resources for the subsequently reserved transmissions.
Proposal 8: Adopt option 1-a:
· A period > W is additionally signalled in SCI and the same reservation is applied with respect to resources indicated within NMAX within window W at subsequent periods 
· only one subsequent period is reserved, but when sensing, a UE assumes that the number of reservations is infinite (same behavior as LTE)
· NMAX is always the same 
Proposal 9: 
· Do not support the different number of sub-channels between initial transmission and reservation of resource(s) for retransmission(s) 
· Revisit in future releases if other schemes should be considered
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