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Introduction
In this contribution, a summary of major Mode-2 sidelink resource allocation aspects for NR-V2X sidelink communication design is provided. Based on review of the submitted contributions [1]-[31], the following list of open aspects has been identified:
· Resource reservation
· Sensing window
· Selection window
· Information for resource selection procedure
· Resource selection procedure
· Pre-emption
· Slot aggregation
· Zoning
Next sections provide details of the Mode-2 sidelink resource allocation aspects identified above and suggest initial proposals for RAN1 WG discussion/decision.

Discussion order:
2.1
2.3
2.2
4.1
4.2
6.1
6.2
Resource reservation for sidelink transmissions
It was agreed that blind TB retransmissions are supported, and reservation of resources for the blind retransmissions is also supported. It was also agreed, that initial transmission of a TB may be either sent without reservation or with a reservation by an SCI associated with a different TB. 
The open aspects of supporting standalone PSCCH and details of reservations for retransmissions are discussed in the following sub-sections.
[bookmark: _Ref17664270]PSCCH for reservation of an initial transmission
The reservation for an initial transmission by a standalone PSCCH or by a PSCCH sent in advance was discussed but not agreed (left as FFS). The views on this issue are collected below:

· Supported by: vivo, Nokia, OPPO, ZTE, NEC, Ericsson, APT, InterDigital, DOCOMO, Xiaomi
· Motivation: Resolving collisions for the initial transmission and the associated performance improvement
· Simulations in support of reservation for the initial TX by associated/standalone PSCCH: Nokia, OPPO, ZTE, LGE, Ericsson
· Not supported by: Huawei, Fujitsu, MediaTek, Samsung, Intel, Qualcomm
· Motivation: Added complexity; spectrum fragmentation; additional latencies; additional IBE; worse performance (by simulations); AGC impact
· Simulations showing disadvantage of using standalone PSCCH: Samsung, Intel, Qualcomm

There is no overwhelming majority for supporting the reservation for an initial transmission. Considering the uncertain benefits and added complexity to discussions, it is proposed that standalone PSCCH is not supported:


Proposal for discussion:

· NR V2X does not support standalone PSCCH transmission carrying reservation of a sidelink resource for initial PSSCH transmission and retransmissions of a given TB 


Proposal for discussion (no consensus)

· Option 1: Support one of the following:
· Alt 1: Standalone PSCCH with the same physical structure as the PSCCH associated with PSSCH indicates resources for a TB

· Alt 2: A single sub-channel of PSCCH+PSSCH indicates resources with the same or a larger number of sub-channels
· Note, this may impact resource selection for the single sub-channel PSCCH+PSSCH transmission

· Option 2: Initial transmission and any retransmission of a TB use the same number of sub-channels

Proposal for discussion (no consensus)

To down-select:
· Option 1: Support one of the following
· Alt 1: Resource(s) at least for an initial transmission of a TB are indicated by a standalone PSCCH with the same physical structure as the PSCCH multiplexed with PSSCH in a slot
· Note, this may impact resource selection for the single sub-channel PSCCH+PSSCH transmission
· Alt 2: A single sub-channel of PSCCH+PSSCH indicates resources at least for an initial transmission of a TB with single sub-channel or a larger number of sub-channels
· Note, the single sub-channel PSCCH+PSSCH does not convey SL-SCH of the TB it reserves
· Note, this may impact resource selection for the single sub-channel PSCCH+PSSCH transmission
· Option 2: Support one of the following
· Alt 1: A single sub-channel of PSCCH+PSSCH indicates retransmission resources with the same or a larger number of sub-channels
· Note, this may impact resource selection for the single sub-channel PSCCH+PSSCH transmission
· Alt 2: A transmission of PSCCH+PSSCH indicates the same number of reserved sub-channels as used by current transmission


[bookmark: _Ref17715899]Maximum number of reserved resources
Last time it was agreed to investigate:
· Maximum number of blind retransmissions supported for one TB
· Maximum number of reserved blind retransmission
· Maximum number of HARQ feedback-based retransmissions supported for one TB
· Maximum number of reserved HARQ feedback-based retransmission

In this sub-section, the aspect of the number of reserved resources for blind and feedback-based HARQ retransmissions is summarized. First, with respect to the number of reserved blind retransmissions:
· Option 1: A transmission can reserve resources for none, one, or more than one blind retransmission
· Supported by: Huawei, TCL, Intel, Fraunhofer, Futurewei, Sony, ITRI, Sharp, DOCOMO, ASUSTEK
· Motivation: Better achieved performance
· Option 2: A transmission can reserve resource for none or one blind retransmission
· Supported by: MediaTek, Samsung, Lenovo, ZTE, NEC, Ericsson, Spreadtrum, Qualcomm
· Motivation: No much performance penalty comparing to Option 2

Similar discussion is happening with respect to the maximum number of reserved HARQ feedback based retransmissions. Although there was no official agreement on classification of reservation options for feedback-based retransmissions, similar options can describe the situation:
· Option 1: A transmission can reserve resources for none, one, or more than one HARQ feedback-based retransmission
· Supported by: Huawei, TCL, Intel, Futurewei
· Motivation: Potentially unified solution with the blind case; no overbooking issue observed by simulations
· Simulations in support: Intel (overbooking is resolved by enhanced resource exclusion procedure)
· Option 2: A transmission can reserve resource for none or one HARQ feedback-based retransmission
· Supported by: Samsung, Lenovo, ZTE, Ericsson, DOCOMO, Qualcomm
· Motivation: Potentially unified solution with the blind case; no overbooking issue if only one resource can be reserved

Both retransmission schemes, blind and feedback-based, touch same aspects of SCI signaling design and impact on sensing and resource selection. It is thus proposed to handle both cases together in one potential agreement, assuming the signaling needs to support more than one reservation for blind ReTX, but don’t need it for feedback-based ReTX:


Proposal for discussion:

· In NR V2X Mode-2, a sidelink SCI transmission can reserve resources for none, one, or more than one retransmission
· The maximum number of SL resources NSCI-MAX reserved by one SCI transmission including current transmission is ≤ 4 
· For HARQ feedback-based mode NSCI-MAX = 2


Proposal for discussion (offline consensus):

· The maximum number of SL resources NMAX reserved by one transmission including current transmission is [2 or 3 or 4]
· Aim to select the particular number in RAN1#98
· NMAX is the same regardless of whether HARQ feedback is enabled or disabled


[bookmark: _Ref17715904]Maximum number of retransmissions
It was also agreed to discuss the maximum possible number of retransmissions of a given TB regardless of the reservation capability. Again the discussion is split between blind retransmissions and feedback-based retransmissions. The following opinions are collected:

For the case of blind retransmissions:
· Arbitrary:
· Supported by: Intel, Ericsson
· Motivation: Number of retransmissions is a UE decision from TX perspective; different services may require different number of retransmissions under given congestion and QoS; forward compatibility, i.e. cannot decide max number for all future applications
· 4:
· Supported by: Huawei, Samsung (as part of configuration), Futurewei
· Motivation: Don’t need more based on evaluations under agreed assumptions;
· 2:
· Supported by: Samsung (as part of configuration)
· Motivation: For services requiring lower reliability

For the case of HARQ feedback-based retransmissions:
· Arbitrary:
· Supported by: Intel, Ericsson
· Motivation: same as for blind
· 4:
· Supported by: Huawei, vivo, Samsung (as part of configuration), Futurewei
· Motivation: same as for blind
· 2:
· Supported by: Samsung (as part of configuration)
· Motivation: same as for blind

At this point there is no sufficient discussion identified in order to conclude about the issue. In the same time, there may be no need in concluding these aspects if specification provides mechanisms to control number of retransmissions from both TX perspective as part of signaling design and congestion control design, and RX perspective as part of soft buffer management. It is further noted that the number of retransmissions does not directly impact the soft buffer aspect, rather the span between the initial transmission and the last transmission should be taken into account.


Feature lead conclusion:

· Maximum number of retransmissions supported for one TB is
· Option 1: 2
· Option 2: 4
· Option 3: Arbitrary


Proposal for discussion (offline consensus):

· Specification supports the maximum number of HARQ (re-)transmissions of a TB is 
· Option 1: 4
· Option 2: 16
· Option 3: 32
· Option 4: up to UE implementation
·  (Pre-)configuration can limit the maximum number of HARQ (re-)transmissions of a TB

[bookmark: _Ref17715917]Handling of reserved but unused resources
A problem concerned with reservation of resources for potential HARQ retransmissions is also being discussed in contributions. The following aspects are identified:

· No impact of resource selection from unused resources
· Supported by: ZTE
· Prioritization of exclusion of blind retransmissions
· Supported by: Huawei, Intel, Ericsson
· Note, Intel realizes it by RSRP threshold adjustment for potential retransmissions
· Note, Ericsson realizes it by prioritizing exclusion of blind retransmission resources
· Note, Huawei realizes it by assigning different priorities to resources reserved by different mechanisms
· PSFCH overhearing
· Supported by: TCL, LGE
· Usage of released resources by associated RX UE for transmission
· Supported by: LGE
· No reservation for HARQ feedback-based retransmissions should be also supported
· Supported by: InterDigital

The proposal suggested by several companies to prioritize blind retransmissions seems reasonable, thus considered as follows:


Proposal for discussion

· Mode-2 supports prioritization of resource exclusion of blind retransmission resources over potential HARQ feedback-based retransmissions
· FFS detailed procedure and impact on resource exclusion

[bookmark: _Ref17715919]Reservation for another TB
Another issue concerned with reservation of resources, is how the reservation for another TB is performed. The agreement which was made mainly refers to cases of periodic traffic where the occurrence of TBs in future is predictable from type of traffic, e.g. periodic basic safety messages.
Companies discuss the periodic reservations with the following notes:

· Reservation period in SCI
· Supported by: MediaTek, InterDigital, ZTE, Intel
· Previous TB reserves next TB
· Supported by: NEC, ZTE
· Common mechanism with aperiodic
· Supported by: Panasonic
· No number of reservations in SCI, as in LTE
· Supported by: Intel
· Dynamic allocation of resources for SPS occasion
· Supported by: Intel
· Fallback to dynamic reservations after longest sensing window period passed
· Supported by: Intel

It is considered important to progress with respect to periodic reservation in order to have as common design with dynamic reservations as possible. It should be also noted, that LTE reservation design may be a starting point.


Proposal for discussion

· In case reservation of a sidelink resource for an initial transmission of a TB at least by an SCI associated with a different TB is enabled, SCI carries a reservation periodicity value
· FFS validity period of this reservation
· FFS exclusion behavior for these resources

Sensing and resource selection windows
In order to further discuss sensing and resource selection procedures, companies propose to introduce notion of a sensing window and a selection window, similar to how LTE sensing was described.
Sensing window definition
With respect to sensing window definition, the following views from contributions are identified:

· Sensing window is bounded by maximum reservation that can be signaled by SCI
· Supported by: Ericsson
· Motivation: Make most of the sensing procedure
· Sensing window is N TTIs before the selection event
· Supported by: Ericsson
· Motivation: Sensing window ends before selection event not before reselection trigger
· Sensing window has two parts: the first starts T0 before the resource (re-)selection trigger and ends on instance ‘n’, the second starts n+T1 and ends T2 after the resource (re-)selection trigger, where T2 + T1 is a selected transmission instance
· Supported by: Intel
· Motivation: take into account reservations made after the resource (re-)selection trigger
· No need in sensing window definition
· Supported by: Qualcomm
· Motivation: The map of reserved resources will be continuously updated without need in bounds offered by a window definition

The concrete proposals from companies (Intel, Ericsson) point to the same direction where the main difference with LTE V2X is that a sensing window may continue after the resource selection trigger ‘n’ so that reservations happened after the trigger may also be taken into account in the resource selection. It is proposed to agree on such a principle by defining reference time instances.


Proposal for discussion

· For Mode-2, a sensing window for a given resource selection instance is defined with respect to a resource (re-)selection trigger time instance ‘n’ 
· The sensing window starts at time instance (n – T0)
· The sensing window ends at the time instance (n + T2) which is determined by nearest future PSCCH transmission at (n + T2 + T1)
· FFS value range for T0 and T2
· The (re-)selection trigger is at least a time instance of a new packet arrival to a UE buffer while there are no resources already allocated to this packet
· FFS other triggering conditions






Sensing window configurability
Although there is no definition yet, companies discuss whether the window can be configured or fixed:
· Configurable sensing window size
· Supported by: TCL, CATT, Spreadtrum, InterDigital, Intel
· Motivation: Different services may require different sensing window
· Fixed, e.g. 1 second
· Supported by: MediaTek, ZTE
· Motivation: largest possible reservation is enough

Considering there is no agreed definition of the sensing window, both options are for further discussion.


Proposal for discussion

· Value of Mode-2 sensing window parameter T0 is:
· Option 1: Fixed in specification, FFS value dependence on numerology and/or capability
· Option 2: Configurable, FFS details

Pre-requisite for resource selection
A few companies also discuss whether sensing in the window is a pre-requisite for resource selection or not. Similar to LTE, companies propose that a UE must listen for a period of sensing window before starting resource selection / transmission (Ericsson). Xiaomi notes, that at least TX TTIs are excluded in this case, however RAN1 should assume a UE has sensed other TTIs in the window. Exceptions may apply, e.g. for power saving purposes or for urgent traffic.


Proposal for discussion

· Sensing during all TTIs in the sensing window is a pre-requisite for resource selection
· FFS TTIs that are excluded from this rule (e.g., when the UE is transmitting, etc.)

T1 in the selection window definition
Last time a basic selection window definition was agreed, where a parameter T1 was introduced which has a meaning of processing time for sensing and resource selection. There is no agreement yet about its value and whether it is measured in slots, symbols, ms, etc. Companies discuss these aspects as follows:

· T1 is measured in slots
· Supported by: vivo, MediaTek, Samsung, CATT, ITRI, Ericsson

Further, Ericsson discusses whether the actual start of the window T1 may be smaller than a specified bound T1max and propose to agree on similar assumption as in LTE V2X, so that actual T1 is ≤ T1max depending on UE implementation / decision. Given there is no other opinions, two possibilities are proposed for discussion:


Proposal for discussion

· All time instances in sensing and resource selection procedures are defined in slots
· The value of T1 is determined as follows:
· Option 1:
· T1 is equal to or smaller than a specified maximum processing time for sensing and resource selection denoted as T1max
· FFS whether T1max is a function of pre-configured parameters, e.g. SCS
· FFS whether T1max may be different for different UEs operating in the same resource pool
· Option 2:
· T1 is a specified maximum processing time for sensing and resource selection
· FFS whether T1 is a function of pre-configured parameters, e.g. SCS
· FFS whether T1 may be different for different UEs operating in the same resource pool


Selection window
Besides the T1 aspect, the definition of the selection window may need to be further clarified. Companies discuss the following additional aspects of the selection window:

· Introduce a scheduling window which is the maximum time interval (TSW) that can be allocated by single SCI transmission
· Supported by: Intel
· Configure T1 and T2 based on priority
· Supported by: Samsung, Ericsson
· Actual selection window can be larger than a (pre-)configured value
· Supported by: Ericsson 
· Introduce a contention window within the selection window, which is a function of PDB, HARQ budget, number of retransmissions
· Supported by: Qualcomm

The discussions are divergent. In order to progress, the following is proposed:


Proposal for discussion

· Introduce definition of a scheduling window as a maximum time interval between the first and the last transmission indicated by one SCI
· Selection window size is a function of QoS / TX priority
· FFS details


Information for sensing procedure
Many companies discuss which information can be extracted from SCI for the purpose of sensing procedure. In general, at least information on reserved resources and QoS/priority is being supported by majority of companies.
[bookmark: _Ref17977332]Resource indication
With respect to resource indication, it was already agreed that the sensing procedure uses resource indication from other UEs transmitting SCI. However, there is no agreement that the resource indication is conveyed in SCI, not e.g. by a sequence of DMRS. There is a contribution which suggests that SCI content is not used for sensing, since required information may be extracted from blind detection of PSSCH and/or (pre-)configuration:

· For mode 2 UEs PSSCH reception, SCI indication is optional
· Supported by: Huawei

Given that the majority view is to convey sensing related information including resource indication in the SCI payload, it is proposed that resource indication is carried by SCI payload:


Proposal for discussion

· Indication of sub-channel(s) and slot(s) used by a UE and/or reserved by a UE for PSSCH transmission is encoded by a SCI bit field



Proposal for discussion (consensus)

· In Mode-2, indication of sub-channel(s) and slot(s) used by a UE and/or reserved by a UE for PSSCH (re-)transmission(s) is encoded by SCI payload
· SL minimum resource allocation unit is a slot
· FFS whether when the resource allocation is multiple slots, the slots can be aggregated
· FFS whether in case of multiple slots, the indicated slots are contiguous or not



[bookmark: _Ref17977336]QoS indication
Furthermore, it is not yet agreed that priority/QoS indication is carried by SCI, although many companies expressed their support for indication of priority/QoS in SCI in order to enable QoS-aware channel access:

· SCI conveys Priority/QoS for sensing purpose
· Supported by: vivo, MediaTek, Intel, Sony, Ericsson, Qualcomm, LGE

It would be a natural step forward to agree on QoS/priority indication by SCI. Note, that mapping of higher layer QoS parameters to a L1 priority value is up to further discussions:


Proposal for discussion

· L1 priority of a sidelink transmission is carried by SCI payload
· FFS mapping of L1 priority from higher layer QoS indicators including whether communication distance is also mapped to this priority


Proposal for working assumption (no consensus)

· An indication of a priority of a sidelink transmission is carried by SCI payload
· This indication is used for sensing and resource selection procedures
· This priority is not necessarily the higher layer priority
· Conclusion:
· The exact naming, meaning, and mapping of the priority indication is discussed in another AI


Other indication
Some other information suggested by companies include the following:
· Time and frequency resource allocation information for all UEs observed by a UE
· Supported by: Sharp
· Motivation: Extend coverage of the sensing procedure
· Control exclusion value (range, RSRP)
· Supported by: Qualcomm
· UE/group ID information
· Supported by: Intel
· Motivation: Exclusion of time resources used by UEs of the same group/link
· PSFCH resource indication
· Supported by: APT
· Motivation:
· TX power:
· Supported by: OPPO
· Motivation: for normalized RSRP calculation
· NDI
· Supported by: Samsung
· RV
· Supported by: Samsung


Feature lead conclusion

· Discuss other information needed for sensing and resource selection after other major aspects of sensing get agreed

Sidelink measurements for sensing procedure
L1 SL-RSRP measurement
In RAN1#96, L1 SL-RSRP measurement was agreed for the sensing procedure. It was also agreed to be measured after successful decoding of an SCI. This time, companies are discussing which physical channel can be used for RSRP measurements. Both PSCCH and PSSCH are mentioned.

· L1 SL-RSRP is measured based on PSSCH DMRS after blind detection
· Supported by: Huawei, ITRI
· Motivation: Do not rely on SCI decoding, thus reduce complexity
· Note from Ericsson: NR V2X should not use measurements w/o decoding SCI
· L1 SL-RSRP is measured on PSSCH after successful decoding of an associated PSCCH
· Supported by: MediaTek, Samsung, Intel, ZTE, InterDigital
· Motivation: Should have better accuracy than PSCCH based
· L1 SL-RSRP is measured on PSCCH after successful decoding
· Supported by: vivo, OPPO, Ericsson
· Motivation: Preserve forward compatibility; usage of PSCCH sent before PSSCH for reservation purposes
· L1 SL-RSRP is measured on both PSCCH and PSSCH after successful decoding of SCI
· Supported by: Spreadtrum
· Motivation: Used in different situations, FFS situations

It is noted, that there is huge dependency on whether standalone PSCCH is supported or not. When there is no standalone PSCCH, measurement of PSSCH would be a more natural choice due to better accuracy. Thus, assuming standalone PSCCH is not agreed as proposed in 2.1, PSSCH DMRS is suggested for discussion:


Proposal for discussion

· Support L1 RSRP measured on DMRS of PSSCH after decoding of associated SCI
· Do not introduce sidelink RSRP measurements without successful decoding of associated SCI


Other measurements
At least in case no SCI was decoded for a given resource, companies discuss whether to use other metrics:

· L1 SL-RSRP after blind detection of PSSCH DMRS
· Supported by: Huawei, ITRI
· Motivation: Do not rely on SCI decoding, thus reduce complexity
· SL-RSSI
· Supported by: vivo, Nokia, MediaTek, Samsung, CATT, Sony, ZTE, NEC, ITRI, Spreadtrum, InterDigital, Qualcomm
· Motivation: Sensing when PSCCH is not decoded; ranking of non-excluded resources; short-term sensing
· No measurements when SCI was not decoded
· Supported by: Intel, Ericsson, DOCOMO
· Motivation: Not possible to accurately predict other UE traffic w/o SCI detection

There is good support for introducing SL-RSSI. However, it seems usage of SL-RSSI in the sensing procedure is highly dependent on further decisions on sensing and resource selection, including whether to support the semi-persistent resource selection, whether to introduce a short-time scale clear channel assessment based on RSSI, etc. Thus, it is proposed to agree on SL-RSSI with usage details FFS:


Proposal for discussion:

· SL-RSSI measurement is supported for sensing and resource selection purposes 
· FFS details

Sidelink resource (re-)selection procedure
Resource selection and reselection procedure was introduced in the SI phase, however the details of the procedure have not been discussed yet.
The following major steps of sidelink resource selection procedure are discussed by companies:
· Resource exclusion based on SCI decoding and sidelink measurements
· Resource identification by construction of a candidate resource set(s) for sidelink PSCCH and PSSCH transmission
· Selection of a resource for sidelink PSCCH and PSSCH transmission from the candidate resources set

[bookmark: _Ref17977351]Resource (re-)selection procedure steps
First, the resource selection procedure is divided into separate steps, similar to LTE V2X, for the purpose of facilitating more focused discussion:


Proposal for discussion

· The resource (re-)selection procedure includes the following steps
· Step 1: Resource exclusion procedure from the resource selection window
· FFS details
· Step 2: Actual resource selection from the non-excluded resource set in the selection window
· FFS details


Proposal for discussion (consensus)

· The resource (re-)selection procedure includes the following steps
· Step 1: Identification of candidate resources within the resource selection window
· FFS details
· Step 2: Resource selection for (re-)transmission(s) from the identified candidate resources
· FFS details



[bookmark: _Ref17977354]Resource exclusion procedure
In the context of resource exclusion procedure, the following exclusion criteria are discussed in contributions:

· L1 SL-RSRP based exclusion
· Supported by: OPPO, CATT, Intel, Fraunhofer, ZTE, Ericsson, Qualcomm
· Motivation: Suitable energy measurement when SCI was decoded
· ID based exclusion
· Supported by: Intel
· Motivation: Avoiding resources/slots with transmissions in the same group / pair
· Distance based exclusion
· Supported by: Qualcomm
· Motivation: Overcome situations when RSRP measurement is not correlated with distance and hence reduce hidden node problem
· RSRP difference based exclusion
· Supported by: OPPO, MediaTek
· Motivation: Relax IBE problem by multiplexing transmissions of similar power in a slot

Given the level of support for L1 SL-RSRP, it is proposed to be adopted as a baseline exclusion criterion. In addition, a threshold for exclusion and a remaining resource ratio (if any) should be further discussed and agreed:


Proposal for discussion

· In Mode-2, a resource is excluded from the selection window if associated L1 SL-RSRP measurement is above an associated RSRP threshold
· FFS how the RSRP threshold is determined
· FFS whether / how L1 priority of a given UE and other UE(s) is taken into account
· FFS how many resources excluded from the selection window


Proposal for discussion (consensus?)

· In Step 1 of the resource (re-)selection procedure, a resource is not considered as a candidate resource if:
· The resource is indicated in SCI and the associated L1 SL-RSRP measurement is above an associated RSRP threshold
· The RSRP threshold is at least a function of
· the priority indication associated with the resource indicated in the SCI 
· and the priority of the transmission in the UE selecting resources
· FFS how the RSRP threshold is determined
· FFS whether / how QoS of a given UE and other UE(s) is taken into account
· FFS how many resources are not considered as candidates in the selection window
· FFS other conditions

Actual resource selection from the non-excluded set
Once resources are excluded from the selection window, a selection procedure of resources actually used for transmission should be performed. Companies discuss the following approaches and techniques:

· Random selection from the non-excluded resource set
· Supported by: Ericsson
· Random selection with prioritization of earliest candidates for the first TTI
· Supported by: Intel
· Ensuring HARQ RTT between selected TTIs
· Supported by: Samsung, Intel
· Countdown a random number of slots, selected in range 0-N
· Supported by: Qualcomm
· LBT (for standalone PSCCH transmission)
· Supported by: DOCOMO

Most of the proposals on basic functionality assume randomized access to the non-excluded resources in the selection widow, however the details of it are divergent. The basic idea of randomized access is proposed to be agreed as a step forward:


Proposal for discussion

· Randomized resource selection from the non-excluded resource set in the selection window is supported
· FFS additional resource classification and/or ranking
· FFS other details


[bookmark: _Ref17715927]Pre-emption mechanism
Companies also discuss support of so called pre-emption mechanisms where it should be possible for the highest/higher priority transmissions to get immediate access to resources without collisions with lower priority transmissions.
· The general support of such mechanisms was expressed by many contributions including: vivo, TCL, Nokia, OPPO, Intel, CATT, Lenovo, InterDigital, DOCOMO, CAICT.
· One company, LGE, highlights that further discussion is necessary with respect to support of the pre-emption mechanism.
· One company, Intel, provides system level evaluation results for pre-emption mechanisms and observes gains when lower priority traffic UEs apply resource reselection when detect collisions with higher priority traffic UEs.
In order to facilitate further details of the discussion, it is proposed to agree on supporting pre-emption mechanisms with other details FFS.


Proposal for discussion

· Support resource pre-emption mechanism(s) for Mode-2
· If enabled, a resource reselection or resource release is triggered in case of collision with resource(s) of a higher priority transmission
· FFS other details

Slot aggregation
Companies are discussing the slot aggregation:

· Support slot aggregation/repetition/bundling
· Supported by: vivo, Qualcomm
· Motivation: Transmission of a large packet
· TB spanning multiple slots is not supported
· Supported by: MediaTek
· Motivation: More half-duplex; more resource collision; difference to NR Uu
· PSCCH should be transmitted with each PSSCH
· Supported by: Intel
· Motivation: Better performance observed

So far only limited discussion is observed. The following is proposed to make progress:


Proposal for discussion:

· In NR V2X, support transmitting a TB over more than one slot by the following
· RV cycling over TB repetitions is supported
· Single RV is mapped to one slot
· TBS determination based on number of SL symbols in more than one slot is supported
· PSCCH is sent with every PSSCH


Zoning
RAN1 received an LS from RAN2 [R2-1908306] which asks about support of zoning-based resource pool configuration and selection:

	In addition, RAN2 would like to consult with RAN1 on the following questions about resource pool configuration and selection:
· Whether resource pool configuration based on zone is considered beneficial to support in NR V2X?
· Whether resource pool configuration based on different cast types should be supported by taking into account the configuration of PSFCH resource?
· Whether an NR V2X mode 2 UE can select multiple resource pools on single carrier from RAN1 perspective?



Note, the other questions in this LS are expected to be covered in PHY structure AI.

Companies express their views both as part of Mode-2 resource allocation discussion in agenda 7.2.4.2.2 and as part of draft LS reply documents in agenda 5. Based on review of contributions with respect to zoning, the following opinions identified:
· Support pool configuration based on zone
· Supported by: Futurewei, Ericsson
· Motivation from Futurewei: Same level of benefits is expected as in LTE
· Motivation from Ericsson: do not see practical benefits, however expect that Rel.14 conclusions (i.e. support) can be reused
· Do not support pool configuration based on zone
· Supported by: Huawei, ZTE, MediaTek
· Motivation: Uncertain benefits; degradation showed by evaluations

There is no clear consensus on introduction of zone based pools. It seems further discussion is necessary in order to provide RAN2 with a material reply. Thus, the following is proposed:


Proposal for discussion

· RAN1 to conclude on one of the following options with respect to location-based Mode-2 resource allocation
· Option 1: Support LTE Rel.14 mechanism for location-based Mode-2 resource allocation, i.e. resource pool may be autonomously selected using TX UE coordinates
· Option 2: Support a new mechanism for location-based Mode-2 resource allocation, FFS details
· Option 3: Support both option 1 and 2 above
· Option 4: Do not introduce mechanisms for location-based Mode-2 resource allocation


Mode-2 configuration by LTE Uu
No sufficient discussion identified so far with regards to NR SL operation of Mode-2 with configuration by LTE Uu. It is understood that other than the signaling details being defined by RAN2 there is no RAN1 work expected.
Miscellaneous
There are some aspects discussed by single company. They are listed below for reference, although it is early to discuss them in offline.

(Pre-)configured grant should be supported for Mode-2
· Supported by Huawei
Set of reservation periodicities: {10, 20, 33, 50, 100, 200, 300, 400, 500, 600, 700, 800, 900, 1000} ms
· Supported by OPPO
gNB provides group resources
· Supported by Fraunhofer
Control of resource pool utilization and corresponding UE reports
· Supported by AT&T
Listen again after talk (LAAT)
· Supported by Apple
Adaptation of reporting and CDRX configuration based on UE speed
· Supported by Apple
Assistance information in a form of resource congestion/occupation statuses
· Supported by Fraunhofer
Support Mode-2b 
· Supported by LGE

Outcome of Offline
Monday session
Proposal for discussion (no consensus):

· Option 1: Support one of the following:
· Alt 1: Standalone PSCCH with the same physical structure as the PSCCH associated with PSSCH indicates resources for a TB
· Alt 2: A single sub-channel of PSCCH+PSSCH indicates resources with the same or a larger number of sub-channels
· Note, this may impact resource selection for the single sub-channel PSCCH+PSSCH transmission
· Option 2: Initial transmission and any retransmission of a TB use the same number of sub-channels

Proposal for discussion (offline consensus):

· The maximum number of SL resources NMAX reserved by one transmission including current transmission is [2 or 3 or 4]
· Aim to select the particular number in RAN1#98
· NMAX is the same regardless of whether HARQ feedback is enabled or disabled

Proposal for discussion (offline consensus):

· Specification supports the maximum number of HARQ (re-)transmissions of a TB is 
· Option 1: 4
· Option 2: 16
· Option 3: 32
· Option 4: up to UE implementation
·  (Pre-)configuration can limit the maximum number of HARQ (re-)transmissions of a TB

Thursday session
Proposal for discussion (no consensus)

To down-select:
· Option 1: Support one of the following
· Alt 1: Resource(s) at least for an initial transmission of a TB are indicated by a standalone PSCCH with the same physical structure as the PSCCH multiplexed with PSSCH in a slot
· Note, this may impact resource selection for the single sub-channel PSCCH+PSSCH transmission
· Alt 2: A single sub-channel of PSCCH+PSSCH indicates resources at least for an initial transmission of a TB with single sub-channel or a larger number of sub-channels
· Note, the single sub-channel PSCCH+PSSCH does not convey SL-SCH of the TB it reserves
· Note, this may impact resource selection for the single sub-channel PSCCH+PSSCH transmission
· Option 2: Support one of the following
· Alt 1: A single sub-channel of PSCCH+PSSCH indicates retransmission resources with the same or a larger number of sub-channels
· Note, this may impact resource selection for the single sub-channel PSCCH+PSSCH transmission
· Alt 2: A transmission of PSCCH+PSSCH indicates the same number of reserved sub-channels as used by current transmission

Proposal for discussion (consensus)

· In Mode-2, indication of sub-channel(s) and slot(s) used by a UE and/or reserved by a UE for PSSCH (re-)transmission(s) is encoded by SCI payload
· SL minimum resource allocation unit is a slot
· FFS whether when the resource allocation is multiple slots, the slots can be aggregated
· FFS whether in case of multiple slots, the indicated slots are contiguous or not

Proposal for working assumption (no consensus)

· An indication of a priority of a sidelink transmission is carried by SCI payload
· This indication is used for sensing and resource selection procedures
· This priority is not necessarily the higher layer priority
· Conclusion:
· The exact naming, meaning, and mapping of the priority indication is discussed in another AI

Proposal for discussion (consensus)

· The resource (re-)selection procedure includes the following steps
· Step 1: Identification of candidate resources within the resource selection window
· FFS details
· Step 2: Resource selection for (re-)transmission(s) from the identified candidate resources
· FFS details

Proposal for discussion (consensus?)

· In Step 1 of the resource (re-)selection procedure, a resource is not considered as a candidate resource if:
· The resource is indicated in SCI and the associated L1 SL-RSRP measurement is above an associated RSRP threshold
· The RSRP threshold is at least a function of
· the priority indication associated with the resource indicated in the SCI 
· and the priority of the transmission in the UE selecting resources
· FFS how the RSRP threshold is determined
· FFS whether / how QoS of a given UE and other UE(s) is taken into account
· FFS how many resources are not considered as candidates in the selection window
· FFS other conditions

Prior Agreements on Resource Allocation
RAN1 97
	Agreements:
· NR V2X Mode-2 supports resource reservation for feedback-based PSSCH retransmissions by signaling associated with a prior transmission of the same TB
· FFS impact on subsequent sensing and resource selection procedures
· At least from the transmitter perspective of this TB, usage of HARQ feedback for release of unused resource(s) is supported
· No additional signaling is defined for the purpose of release of unused resources by the transmitting UE
· FFS the behavior of the receiver UE(s) of this TB and other UEs
Conclusion:
· RAN1 to discuss further the following
· Maximum number of blind retransmissions supported for one TB
· Maximum number of reserved blind retransmission
· Maximum number of HARQ feedback-based retransmissions supported for one TB
· Maximum number of reserved HARQ feedback-based retransmission 
Agreements:
· RAN1 to further select between the following options of sidelink resource reservation for blind retransmissions:
· Option 1: A transmission can reserve resources for none, one, or more than one blind retransmission
· Option 2: A transmission can reserve resource for none or one blind retransmission

Agreements:
· Resource selection window is defined as a time interval where a UE selects sidelink resources for transmission
· The resource selection window starts T1 ≥ 0 after a resource (re-)selection trigger and is bounded by at least a remaining packet delay budget
· FFS T1 value, whether it is measured in slots, symbols, ms, etc.
· FFS other conditions

Agreements:
· Support a sub-channel as the minimum granularity in frequency domain for the sensing for PSSCH resource selection
· No additional sensing for other channels


RAN1 96bis
	Agreements:
· NR V2X supports an initial transmission of a TB without reservation, based on sensing and resource selection procedure
· NR V2X supports reservation of a sidelink resource for an initial transmission of a TB at least by an SCI associated with a different TB, based on sensing and resource selection procedure
· This functionality can be enabled/disabled by (pre-)configuration
· FFS Standalone PSCCH transmissions for resource reservations are supported in NR V2X



RAN1 96
	Agreements:
· Blind retransmissions of a TB are supported for SL by NR-V2X
· Details are for the WI phase

Agreements:
· NR V2X Mode-2 supports reservation of sidelink resources at least for blind retransmission of a TB
· Whether reservation is supported for initial transmission of a TB is to be discussed in the WI phase
· Whether reservation is supported for potential retransmissions based on HARQ feedback is for the WI phase

Agreements:
· Mode-2 sensing procedure utilizes the following sidelink measurement
· L1 SL-RSRP based on sidelink DMRS when the corresponding SCI is decoded
· FFS whether/which measurement is used if the corresponding SCI is not decoded e.g. SL-RSRP after blind DMRS detection, SL-RSSI

Agreements:
In the context of Mode-2(d), NR V2X supports the following functionality:
· A UE informs gNB about group members and gNB provides individual resource pool configuration and/or individual resource configuration through the same UE to each group member UE within the same group. It does not require connection between member UE and gNB
· The UE cannot modify the configuration provided by gNB
· Higher layer signaling is to be used to provide the configuration. No physical layer signaling is used
· FFS if one or both options are supported (i.e. resource pool configuration(s) or resource configuration)
· FFS which functionality defined as a part of Mode-2 is applicable for this feature
· This functionality is up to UE capability(ies)



RAN1 AH1901
	Agreements:
· Mode-2 supports the sensing and resource (re)-selection procedures according to the previously agreed definitions. 
· FFS resource granularity for sensing & resource (re)-selection, e.g., PRB(s), slots, resource patterns (when applicable), etc.
· FFS detailed conditions when these procedures can apply

Agreements:
· For the purpose of performance evaluation for Mode-2(c), the following Mode-2(c) transmission pattern selection is used when a UE is configured with a pool of patterns:
· Sensing based pattern selection (e.g. UE selects unused pattern based on sensing results) 
· Additional information to assist pattern selection is not precluded, e.g., by using UE geographical location information 

Agreements:
· Sub-channel based resource allocation is supported for PSSCH
· FFS details for sub-channels
· FFS other use cases for sub-channel (e.g., measurement, interaction with PSCCH, etc.)

Agreements:
· SCI decoding applied during sensing procedure provides at least information on sidelink resources indicated by the UE transmitting the SCI 

Agreements:
· At least for the purpose of evaluation, in Mode-2(d), at least for group operation, a member UE transmits on resources configured by another UE (S-UE) within the same group
· High layer signaling is assumed between S-UE and a member UE




RAN1 95
	Agreements:
· Sensing procedure is defined as SCI decoding from other UEs and/or sidelink measurements
· FFS information extracted from SCI decoding
· FFS sidelink measurements used
· FFS UE behavior and timescale of sensing procedure
· Note: It is up to further discussion whether SFCI is to be used in sensing procedure
· Note: Sensing procedure can be discussed in the context of other modes
· Resource (re)-selection procedure uses results of sensing procedure to determine resource(s) for sidelink transmission
· FFS timescale and conditions for resource selection or re-selection
· FFS resource selection / re-selection details for PSCCH and PSSCH transmissions
· FFS details for PSFCH (e.g. whether resource (re)-selection procedure based on sensing is used or there is a dependency/association b/w PSCCH/PSSCH and PSFCH resource)
· FFS impact of sidelink QoS attributes on resource selection / re-selection procedure
· For Mode-2(a), the following schemes for resource selection are evaluated, including
· Semi-persistent scheme: resource(s) are selected for multiple transmissions of different TBs 
· Dynamic scheme: resource(s) are selected for each TB transmission

Agreements:
· Mode-2(b) to be studied as a functionality that can be a part of Mode-2(a)(c)(d) operation, when one UE assists sidelink resource selection for other UE(s)
· Note: Mode-2(b) is not supported/studied as a standalone sidelink resource allocation mode

Agreements:
· For out of coverage operation, Mode-2(c) assumes (pre)-configuration of single or multiple sidelink transmission patterns (patterns are defined on each sidelink resource pool).
· For in-coverage operation, Mode-2(c) assumes that gNB configuration indicates single or multiple sidelink transmission patterns (patterns are defined on each sidelink resource pool)
· FFS pattern design in time and frequency for periodic and aperiodic traffic
· If single pattern is configured to transmitting UE there is no sensing procedure executed by UE
· If multiple patterns are configured to transmitting UE there is a possibility of sensing procedure executed by UE
· Pattern is defined as follows
· Size of the resource in time and frequency
· Position(s) of the resource in time and frequency
· Number of resources
· FFS pattern selection procedure by UE

Agreements:
· For Mode-2(d) operation, further study the following potential radio-layer procedures including at least the following
· Procedures to become/serve as a scheduling UE for in-coverage and out-of-coverage scenarios
· The following options are identified for further study:
· Scheduling UE is configured by gNB
· Application layer or pre-configuration selects scheduling UE
· Receiver UE schedules transmissions of the transmitter UE during the session
· Scheduling UE is decided by multiple UEs including the one that is finally selected
· UE may autonomously decide to serve as a scheduling UE (self-nomination) / offer scheduling UE functions

Agreements:
· Initialization of Mode-2(d) operation is FFS
· For Mode-2(d) operation, further study the following potential radio-layer procedures including at least the following
· Procedure to determine a set of sidelink resources a scheduling UE can use for scheduling of other UEs
· The following options are identified:
· Based on sensing procedure by scheduling UE
·  Configured by gNB if scheduling UE is in-coverage
·  Pre-configured if scheduling UE is out of coverage
· Transmitting UE provides information about sidelink resources to scheduling UE
· FFS behavior/algorithm of scheduling UE 
· Behavior of scheduling UE to signal scheduling decisions for transmission/reception of other UEs
· The following options are identified:
· Physical layer signaling
· Higher layer signaling
· UE behavior to (re)-select scheduling UE(s)
· UE behavior to associate to scheduling UE(s)
· UE behavior when scheduling UE stop scheduling
· Resource management to address collision/interference and half-duplex issues b/w UEs scheduled by different scheduling UEs
· Relationship between scheduling UE and UE groups from upper layer perspective
· Whether UEs from the same upper layer group are served by the same scheduling UE
· Resources used for communication before UE is associated with a scheduling UE
· Procedures to switch between Mode-2(d) from/to other sub-modes




RAN1 94bis
	Agreements:
· Sidelink sensing and resource selection procedures are studied for Mode-2(a)
· The following techniques are studied to identify occupied sidelink resources
· decoding of sidelink control channel transmissions
· sidelink measurements
· detection of sidelink transmissions
· other options are not precluded, including combination of the above options
· The following aspects are studied for sidelink resource selection
· how a UE selects resource for PSCCH and PSSCH transmission (or other sidelink physical channel/signal, if it is introduced)
· which information is used by UE for resource selection procedure

Agreements:
· The following aspects about assistance information are studied for Mode 2(b)
· Which assistance information is used and how it is acquired
· Which UE sends assistance information
· How to deliver assistance information, including physical channel and UE behavior
· How assistance information is taken into account in determination of sidelink resource for transmission
· RAN1 to further study whether some or all of Mode-2(b) functionality is a part of Mode-2(a)(c)(d)

Agreements:
· The following aspects are studied for Mode 2(c)
· How to assign resource(s) for UE sidelink transmission to mitigate collisions and half-duplex impacts
· Whether any sensing or resource selection procedure is used on top of configured grant(s)
· Whether and how to use any granted but unused resources
· How to adapt to traffic variation
· How it is different from Mode-1 operation for in-coverage scenario
· How it is different from Mode-2(a), when Mode-2(a) uses dedicated resource pool with dedicated sidelink resource pool configuration
· Whether and how this mode operates out of network coverage
· RAN1 to further study whether some or all of Mode-2(c) functionality is a part of Mode-2(a)(b)(d)

Agreements:
· The following aspects are studied for Mode 2(d)
· In which use cases/scenarios this mode is applicable
· What is the overall architecture for Mode-2(d) operation
· How to decide which UE schedules which other UE(s) and how to maintain this relationship
· What is the procedure of UE(s) when the scheduling UE disappears
· What is the scheduling UE behavior and signaling mechanism to schedule sidelink resources for transmission/reception for other UEs
· Which resources can be used to schedule other UEs 
· Inter- and intra-UE collision handling and sidelink resource allocation mechanisms across groups 
· RAN1 to further study whether or not some or all of the above aspects are applicable to 2(b)




RAN1 94
	Agreements:
· At least two sidelink resource allocation modes are defined for NR-V2X sidelink communication
· Mode 1: Base station schedules sidelink resource(s) to be used by UE for sidelink transmission(s)
· Mode 2: UE determines (i.e. base station does not schedule) sidelink transmission resource(s) within sidelink resources configured by base station/network or pre-configured sidelink resources
	Notes:
· eNB control of NR sidelink and gNB control of LTE sidelink resources will be separately considered in corresponding agenda items. 
· Mode-2 definition covers potential sidelink radio-layer functionality or resource allocation sub-modes (subject to further refinement including merging of some or all of them) where
a) UE autonomously selects sidelink resource for transmission
b) UE assists sidelink resource selection for other UE(s)
c) UE is configured with NR configured grant (type-1 like) for sidelink transmission
d) UE schedules sidelink transmissions of other UEs
· RAN1 to continue study details of resource allocation modes for NR-V2X sidelink communication





References & Companies Proposals for RAN1#98
[1] R1-1908042	Huawei, HiSilicon	Sidelink resource allocation mode 2 for NR V2X
Proposal 1: The maximum number of retransmissions (whether blind or HARQ feedback based) for one TB is 4. 
· A UE can reserve resources up to the maximum number of retransmissions allowed
Proposal 2: Standalone PSCCH carrying reservation for initial transmission or retransmission of a TB is not supported in NR V2X mode 2.
Proposal 3: The reservation of blind retransmissions of a TB is transmitted along with the initial transmission of the corresponding TB.
Proposal 4: Support implicit resource reservation signaling for the repetition(s) of a TB (i.e. blind retransmissions) or potential HARQ-based retransmissions indicated via PSSCH DMRS.
Proposal 5: At least for unicast where HARQ feedback is enabled, a UE should be able to terminate a reserved retransmission early based on ACK received from Rx UE.
Proposal 6: Option 1 of sidelink resource reservations for blind retransmissions is supported.
· A transmission can reserve resources for none, one, or more than one blind retransmission
Proposal 7: Based on the results of sensing, UE should be able to (re)-select resources for initial transmission and all (blind) retransmissions that are reserved for a given TB in one shot. 
Proposal 8: 
· Mode 2 supports sensing based on PSSCH DMRS RSRP
· Blind PSSCH DMRS detection is supported
Proposal 9: NR supports implicit reservation of an initial transmission of a TB using PSSCH DMRS of a different TB.
Proposal 10: Resource (re)selection procedure should assign different priorities for different reservation mechanisms. 
Proposal 11: A sensing UE should adjust the priority associated with reservation of HARQ-feedback based retransmission to be lower than the reservation of blind retransmission for the purpose of resource (re)selection. 
Proposal 12: For mode 2 UEs PSSCH reception, SCI indication is optional. For mode 2 UEs (pre-)configured with a TFRP or TFRP pool, no SCI is used 
Proposal 13: For mode 2 UEs (pre-)configured with a TFRP pool, TFRP selection is needed. Sensing for TFRP selection can be performed implicitly based on DMRS blind detection.
Proposal 14: (Pre)-configured grant should be supported for mode 2 SL resource allocation in order to meet the latency and reliability requirements of NR V2X advanced use cases. 

Observation 1: (Pre-)configured TFRPs inherently support blind retransmissions of a TB.
Observation 2: For mode 2 UEs with (pre-)configured TFRPs, PSSCH resources need not be indicated in SCI.
Observation 3: LBT based on short-term sensing increases latency due to random backoff. It needs to be determined whether LBT can reach the V2X latency target (3ms for some use cases) under typical traffic loads.

[2] R1-1908150	vivo	Discussion on mode 2 resource allocation mechanism
Observation 1: Multi-slot scheduling is beneficial for the following cases: 
-	A large size of TB spans multiple slots; 
-	Transmissions/repetitions of a TB occupy multiple slots.
Observation 2: The delay between the standalone PSCCH reservation and the associated PSSCH transmission is not an issue, as long as the delay is within the packet latency budget.
Observation 3: Initial transmission without standalone reservation leads to higher packet loss due to higher collision rate.
Observation 4: Counter-based resource allocation scheme inevitably results in additional latency caused by the counter. 
Observation 5: Resource pre-emption mechanism is important to guarantee the low latency or high priority packet transmissions.
Observation 6: For counter-based resource selection, If FDMed resource multiplexing is not applied, the counter-based resource selection may result in resource inefficient. However, if FDMed resource multiplexing is applied, it may suffer from increased packet loss rate due to half-duplex issue.
Observation 7: The average PRR and the average PIR of resource reservation-based transmission using standalone PSCCH is better than that of counter based resource selection.

Proposal 1: Multi-slot scheduling should be supported in NR V2X.
Proposal 2: Unicast, groupcast and broadcast can be multiplexed in the same resource pool.
Proposal 3: Transmission types, including unicast, groupcast and broadcast, should be taken into consideration for sensing procedure. e.g., different priorities are mapped to different transmission types.
Proposal 4: Support standalone PSCCH transmissions in NR V2X, e.g., for resource reservations of initial transmission.
Proposal 5: For HARQ feedback-based retransmissions, the maximum number of transmission for a TB is four.
Proposal 6: Support resource pre-emption operation via standalone PSCCH.
Proposal 7: Priority and resource allocation information should be included in standalone SCI.
Proposal 8: L1-RSRP measurement should be performed on PSCCH DMRS in NR V2X.
Proposal 9: Sidelink RSSI measurement should be introduced for sensing operation in NR V2X.
Proposal 10: A small-scaled sensing window should be supported for reservation based resource selection
-	The sensing window should be determined based on the maximum latency requirement.
-	The sensing window should be starts after resource (re-)selection trigger
Proposal 11: The time interval T1 between the resource (re-)selection trigger and the starting of resource selection window should be measured in slots.

[3] R1-1908220	Fujitsu	Dynamic Resource Selection for NR Sidelink
Observation-1: A packet delivered by RLC can be segmented into multiple TBs with the same size, and sequentially delivered by PHY in TDM manner. The channel resource dedicated for the first TB can be either (pre-)configured/determined with a periodic occasion or autonomously selected, while the channel resources for the remained TBs can be reserved by SCI associated with the previous TB.
Observation-2: The resource dedicated for the retransmission TB can be either autonomously selected based on sensing and resource selection procedure, or reserved by SCI associated with different TB, depending on the status of reception within the group.
Observation-3: the TFRP mode-2 scheme jointly with distance based HARQ feedback can offer the very reliable performance in terms of PRR and latency.
Observation-4: If the same zoneConfig is applied in NR-V2X, the location information from Tx UEs can be acquired relying on either the explicit manner or the implicit manner.
Observation-5: The Zone-ID configured for resource pool can assist to improve the resolution of Zone-ID configured for Tx UE location.
Observation-6: Within the communication range, UEs are able to exchange the information in terms of Zone-IDs and associated RMTs.
Proposal-1: The resource dedicated for the retransmission TB is either autonomously selected based on sensing and resource selection procedure, or reserved by a SCI associated with different TB. Standalone PSCCH transmission for resource reservations is not necessary.
Proposal-2: In NR-V2X, the total number of zones configured with respect to longitude and configured with respect to latitude should be increase to at least 8, resulting in 64 zones to form a ZB.
Proposal-3: The parameters associated with resource pool and the parameters associated with Tx UE location should be separately configured as listed in Table 2, in order to ensure the flexibility of Zone-ID uses in different applications.
Proposal-4: Tx UE selects the resources based on the associated Zone-ID, Tx UE source ID and location update timing, to avoid the resource collision in mode-2.

[4] R1-1908277	TCL Communication Ltd.	Resource allocation for NR sidelink Mode 2
Proposal 1: Sidelink resources reserved through the sensing procedure cannot be reserved earlier than the longest sensing window, at least for the case of dynamic scheduling.
Proposal 2: Sidelink sensing window duration is a minimum requirement, and can be (pre)configured based on traffic and device requirements.
Proposal 3: NR Sidelink Mode-2 blind retransmissions supports the Option 1: A transmission can reserve resources for none, one, or more than one blind retransmission(s)
Proposal 4: NR V2X Mode-2 HARQ-feedback based retransmissions supports the resource reservation for none, one, and multiple retransmissions.
Proposal 5: NR V2X Mode-2 HARQ-feedback based retransmissions supports overbooking some retransmissions resources.
Proposal 6: NR V2X Mode-2 HARQ-feedback based retransmissions supports, at least in some cases, monitoring the feedback of other users.
Proposal 7: NR V2X Mode-2 HARQ-feedback based retransmissions supports that retransmissions resources that are not used due to successful reception are released and available for other users.
Proposal 8: NR V2X Mode-2 supports pre-emption mechanism. FFS: details, including overhead limitation and monitoring burden.
Proposal 9: To reduce signalling, in a pre-emption context, reservation SCI can serve both as a reservation indication intended to all UEs and as a pre-emption indication for UEs whose prior reserved resource overlaps totally or partially with the transmitted reservation SCI.

[5] R1-1908284	Nokia, Nokia Shanghai Bell	Discussion of Resource allocation for sidelink - Mode 2
Proposal 1: Support SCI format with resource reservation information (SCI-R) to assist resource allocation for periodic and aperiodic packets. 
Proposal 2: For aperiodic packet, support forward SA resource selection, i.e. standalone PSCCH with resource reservation information transmitted ahead of the associated PSSCH (in different TTIs) to announce its resource reservation for collision avoidance and/or preemption. 
Proposal 3: For long-term sensing, S-RSSI measurement should remove the contributions from the aperiodic packets to provide more reliable reference for resource selection.
Proposal 4: For coexistence of both periodic and aperiodic packets in a resource pool, all UEs perform both long-term sensing on periodic packets and short-term sensing on aperiodic packets all the time.

Observation 1: For aperiodic traffic, forward SA based resource selection can improve the system level performance. The performance gain is substantial in the highway scenario. 

[6] R1-1908366	OPPO	Discussions on resource reservation, sensing and selection in Mode 2
Observation 1: No additional latency delay for transmitting PSCCH in advance of its associated PSSCH.
Observation 2: In the extreme case of short packet latency and no available PSCCH resources before PSSCH, the performance would fallback to be the same as the case when PSCCH and PSSCH are transmitted together in same slot, not worse.
Proposal 1: Standalone PSCCH transmission should be supported as it provides less Tx collision probability than sending PSCCH/PSSCH together.
Proposal 2: PSCCH-RSRP measurement should be supported to determine availability of an indicated/reserved PSSCH resource.
· FFS if PSSCH-RSRP measurement is needed to aid determination of availability of PSSCH resource for re-Tx.
Observation 3: From the evaluation results, the basic vanilla scheme of resource reservation for initial transmission can already provide significant PRR performance gain over the LTE SA decoding and resource reservation mechanism in both highway and urban scenarios for aperiodic traffic.
Observation 4: For a more advanced resource reservation for initial-Tx scheme that combines with short-term continuous sensing, an additional 16% PRR performance gain is observed for aperiodic traffic. At the same time, it provides a comparable performance to the LTE SA decoding scheme for the periodic traffic.
Proposal 3: Based on evaluation results showing significant performance gains in both highway urban scenarios, resource reservation for an initial transmission of a data TB should be supported at least for aperiodic traffic, based on sensing and resource selection procedure.
Proposal 4: Based on further evaluation results, short-term continuous sensing should be additionally supported in NR V2X at least for aperiodic traffic.
Proposal 5: Enhancement to mode 2(a) to incorporate resource pre-emption by reservation as part of sensing and resource selection procedure would help to secure SL resources for transmitting higher priority messages and to improve utilization of SL resources.
Proposal 6: When a reserved SL resource(s) is pre-empted by another UE, the affected UE should re-select a different SL resource(s) if the pre-emption is detected for another higher priority transmission.
Proposal 7: TX power level should be indicated to in SCI.
Proposal 8: Sensing enhancement: RSRP_threshold should be adjusted based on the indicated Tx power level to avoid selecting the same resource and cause Tx collision.
Proposal 9: Resource selection / exclusion enhancement: Avoid selecting resources with a large difference between target Tx power and measured RSRP of adjacent resources, or Tx-UE should select resource(s) that are adjacent to resources with similar power to avoid creating interference.


[7] R1-1908398	MediaTek Inc.	On sidelink mode-2 resource allocation
Observation 1: Zone ID cannot effectively mitigate IBE problem.
Observation 2: Mode 2(c) can be regarded as Mode 1, if Tx UE is in coverage and configured grant is assigned by gNB.
Proposal 1: Initial transmission and retransmission can have different frequency resource allocation.
Proposal 2: Chain-based resource reservation is supported for blind retransmission in NR V2X. 
Proposal 3: Other UEs can monitor the ACK information to use the reserved HARQ retransmission resource without specification impact. It is up to UE implementation.
Proposal 4: Frequency resource allocation of the reservation of HARQ retransmission can be different to that of current or initial transmission.
Proposal 5: Frequency resource allocation of the resource reservation of next TB transmission can be the same as that of current transmission.
Proposal 6: Standalone PSCCH is not supported.
Proposal 7: Sensing window as in LTE V2X is supported in NR V2X and the width of sensing window is 1 sec.
Proposal 8: In resource selection window, T1 value is measured in slot level.
Proposal 9: SCI extracted information includes current frequency resource allocation information, reservation period, retransmission time gap, retransmission frequency resource allocation, and priority information.
Proposal 10: Sidelink RSRP and RSSI can be used for NR V2X in measurement procedure. Further improvements can be studied.
Proposal 11: RSRP threshold can be related to Tx priority, Rx priority, and communication range.
Proposal 12: Slot aggregation is not supported in NR V2X.
Proposal 13: Mini-slot is not supported in NR V2X.
Proposal 14: For sensing purpose, resource granularity in time-domain is one slot.
Proposal 15: For resource (re-)selection, resource granularity in time-domain is one slot for PSSCH and one symbol for PSFCH. 
Proposal 16: SL-RSRP measurement is supported by using PSSCH DMRS in NR V2X.
Proposal 17: SL-RSSI is supported in the sensing and resource selection procedure of NR V2X..
Proposal 18: One weighting function can be introduced for averaging SL-RSSI in sidelink measurement process. The weighting function can be a step function or an exponential function.
Proposal 19: Resource selection procedure should consider maximum number of HARQ retransmissions and latency requirements.
Proposal 20: IBE problem should be considered in NR V2X.
Proposal 21: Send a reply LS to RAN2 that zone ID based resource pool configuration cannot provide any benefit from RAN1 perspective.
Proposal 22: To alleviate IBE problem, two nearby UEs’ resources can be allocated adjacently. One weighting function can be introduced to resource selection procedure to indicate SL-RSRP difference between UE and occupied resource.
Proposal 23: Before resource reselection, a UE should announce the resource reselection timing and monitor the number of announced UEs to avoid possible collision.
Proposal 24: Mode 2(c) is not supported in NR V2X.

[8] R1-1908477	Samsung	On Resource Allocation for NR V2X Mode 2

Proposal 1: Reuse the time interval setting for resource selection window as in LTE Mode 4 with the following modifications:
· 

 and  are measured in slots for time duration corresponding SCS and are up to UE implementation.
· Both lower and upper bound of T2 are provided by higher layer for priority of TX UE.
Proposal 2: Reuse the definition of a unit of resource for sensing and resource selection as in LTE Mode 4 as follows:
· 






A candidate single-slot resource for PSSCH transmission  is defined as a set of  contiguous sub-channels with sub-channel x+j in slot  where. The UE shall assume that any set of  contiguous sub-channels included in the corresponding PSSCH resource pool within the time interval  corresponds to one candidate single-slot resource. The total number of the candidate single-slot resources is denoted by.
Observation: To define a sensing window and detailed sensing procedure, further discussion is necessary considering performance gain, sidelink slot structure, and limited time line for Rel-16 NR V2X.
Proposal 3: L1 SL-RSRP measured by PSSCH DMRS and L1 SL-RSSI are supported in NR V2X.
Proposal 4: When HARQ is enabled, resource selection procedure should guarantee a sufficient timing gap for different transmission opportunities considering the configured periodicity of PSFCH resource(N) and slot offset between PSSCH and PSFCH (K, considering PSSCH processing time).
Proposal 5: For unicast and groupcast, either blind retransmission or HARQ-based retransmission can be enabled and enabling of both is not supported.
Proposal 6: 
· Maximum number of blind retransmissions supported for one TB: configurable between 2 and 4
· Maximum number of reserved blind retransmission: 2
· Maximum number of HARQ feedback-based retransmissions supported for one TB: configurable between 2 and 4
· Maximum number of reserved HARQ feedback-based retransmission: 2
Proposal 7: To down-select between look-ahead reservation and chain-reservation after determining the maximum number of retransmissions first.
Proposal 8: SCI includes the following bit fields for resource allocation:
· Frequency resource location for initial transmission and retransmission: 
· Time gap between initial transmission and retransmission
· NDI
· RV
· Resource reservation
Proposal 9: Stand-alone PSCCH transmission for resource reservation is not supported.

[9] R1-1908581	CATT	Discussion on resource allocation mechanism for sidelink Mode 2 in NR V2X
Proposal 1: Single-stage SCI should be supported with the suggested contents in Table 1 in the companion contribution.
Proposal 2: The duration of the long-term sensing window in NR-V2X should be configurable according to the supported V2X service types in the current scenario.
Proposal 3: In the long-term sensing of NR-V2X, the S-RSRP with the successful decoding SA can be used as the measurement of the resource occupation with TX-RX S-RSRP thresholds with priorities. 
Proposal 4: In the long-term sensing of NR-V2X, RSSI measurement should consider the service types in the scenario:
· 100% aperiodic services scenario: RSSI measurement is not considered in NR-V2X;
Proposal 5: The short-term sensing scheme should be further studied with the determined SCI structure.
Proposal 6: For the 100% aperiodic services scenario, the resource reservation interval in SCI and skipped subframe scheme is not suitable for the resource exclusion in the resource selection window. For the 100% period and mixed services scenarios, the resource exclusion scheme in LTE-V2X can be reused in NR-V2X.
Proposal 7: For the non-targeted RX UE(s), the condition 1 and condition 3 can detect the early termination of the HARQ retransmissions correctly, but the adverse impact of condition 2 to the system level performance should be further studied.
Observation 1: The difference of the PRR performance among the four retransmission reservation is not obvious with the 100% medium density aperiodic services in highway scenarios.
Proposal 8: The overhead of the indications of the time-frequency resources in SCI can be decreased for the 100% aperiodic services. The impact of the different retransmission reservation schemes in other scenarios should be studied further.
Observation 2: Two transmissions for one TB is not adequate for NR-V2X for blind retransmissions and retransmission with HARQ feedback (distance-based and RSRP-based).
Observation 3: When the retransmission number is increased to three or four, the proportion of the successfully decoded data is obviously higher than the scenarios of retransmission number being two. The same trend can be observed in both blind retransmission and retransmission with HARQ feedback (distance-based and RSRP-based).
Proposal 9: The number of both blind retransmission and retransmission with HARQ feedback should increase. The balance of the number of the retransmissions and the system level performance should be considered. The detailed number configuration should be studied further.
Proposal 10: The T1 value is the receiving packet delay budget and related to the RX UE’s capability, because the minimum timing granularity is slot, the T1 measure should be restricted to slot not symbol.
Proposal 11: The resource re-selection scheme should be studied further with the above triggering conditions according to the scenarios in TR 37.885. 
Proposal 12: The counter-based resource reselection should be further studied and evaluated.
Proposal 13: The pre-emption scheme can be provided with the resource reselection scheme based on the QoS of NR-V2X. The detailed scheme should be FFS and evaluated.
Proposal 14: If the packet cannot be transmitted in the single slot of NR-V2X, the slot bundling scheme should be studied and the format of the SCI of indicating the number of slots for bundling should be defined.
Proposal 15: To solve the hidden node problem of the sensing-based resource selection scheme, the tradeoff between the overhead of the assistance information and the reliability performance need to be FFS.

[10] R1-1908635	Intel Corporation	UE-autonomous resource allocation for NR V2X sidelink communication

Observation 1:	 
· Single slot control channel transmission provides unreliable communication even at short distances

Proposal 1:
· For blind transmission of a given TB, maximum number of resources () indicated by SCI is configured from the set {2, 3, 4}
Proposal 2:
· Maximum number of retransmissions per HARQ process is not specified (i.e. there is no limitation from L1 perspective on maximum number of retransmissions per HARQ process)
· Number of blind retransmissions for a given HARQ process is decided by TX UE and is not indicated to RX UE
Proposal 3:
· Each TB of a given HARQ process can be transmitted  times, M is determined by TX UE implementation and can exceed configured value of 
· Each SCI transmission points to resources, where  is determined by TX UE for each HARQ process or for each SCI transmission
· here,  denotes PSCCH/PSSCH resources allocated in the past,  indicates PSCCH/PSSCH reserved/scheduled in the future , 
· SCI indicates offset to NP resources in the past and NF resources in future relative to the slot used for SCI transmission
· N resources indicated by SCI are signalled in scheduling window , where , where  is configured or predefined duration of scheduling window
· When , HARQ process for a given TB is considered completed
Proposal 4:
· For periodic SPS transmission, UE performing resource selection assumes that periodic resources indicated by SCI successfully received within the last resource reservation period before resource selection are reserved by TX UE
· Similar to LTE design, number of periodic resource reservations is not indicated by TX UE. RX UE assumes that TX UE has reserved infinite number of periodic sidelink resources
Proposal 5:
· PSCCH/SCI decoding in sensing procedure is used to extract information on
· Sidelink resources reserved by other UEs including (re)-transmissions, and semi-persistently reserved resources
· Source and destination IDs
· UE may further determine and exclude sidelink resources used and reserved by UEs that belong to the same group(s)
· QoS level of sidelink transmission e.g. sidelink priority and/or reliability (PQI indicators)
Proposal 6:
· L1 SL-RSRP is defined over DMRS of PSSCH
· L1 SL-RSRP measurement over PSSCH is used to determine sidelink resources for exclusion
Proposal 7:
· For NR-V2X communication, sensing window starts at (n-T0) time instance ahead of each resource (re)-selection trigger at time instance n and continues till the time instance (n+T2) which is determined by the first sidelink PSCCH transmission at (n+T3) - minus UE processing delay on resource selection (Tproc)
· For NR-V2X communication, sensing window is composed from two parts:
· 	Long-term sensing window (LT-SW) which is a sensing window UE is expected to monitor ahead of any resource (re)-selection trigger
· Long term sensing window has configurable and fixed duration
· Short term sensing window (ST-SW) – is a sensing window that starts immediately after resource (re)-selection trigger and continues till the time instance of sidelink transmission indicating any new selected sidelink resource(s) – minus UE processing delay on resource selection
Proposal 8:
· RSRP threshold used for resource exclusion procedure is measured within RSRP threshold measurement window located inside of the sensing window right before resource reselection trigger
Proposal 9:
· Resource exclusion procedure separately handles resources reserved by group members and associated unicast users
· Separate RSRP threshold is configured to exclude resources (slots) used for transmission by group members for groupcast and unicast communication
Proposal 10:
· For resource exclusion support retransmission specific thresholds which value depends on incremented retransmission index 
Proposal 11:
· Introduce definition of scheduling window, as a maximum time interval (TSW) that can be allocated by single SCI transmission (i.e. maximum time between the first and the last transmission PSCCH/PSSCH transmission scheduled by single SCI)
· Single SCI support indication of up to N PSCCH/PSSCH resources within scheduling window
· Scheduling window duration is predefined by specification (e.g. 32 slots)
Proposal 12:
· Introduce definition for the following time instances/offsets:
·  - time instance of resource (re)-selection trigger
·  – time offset from n towards time instance where sensing window starts (long-term sensing window duration)
·  – resource (re)-selection processing delay/offset
·  – time offset towards time instance where sensing window for initial transmission ends
·  – time offset to the first PSCCH/PSSCH transmission after time instance of resource (re)-selection trigger
Proposal 13:
· Define at least the following resource (re)-selection triggers:
· UE determines that a new packet is arrived and there is no sidelink resources reserved for its transmission
· UE determines that new packet is arrived and cannot be transmitted in reserved resources (e.g. lack of reserved sidelink resources, the target QoS level is not guaranteed)
· UE determines that resource reservation is expired (based on timer or counter of transmitted TBs) and new packet is arrived
· It is applicable to semi-persistent transmission scheme
Proposal 14:
· When resource (re)-selection is triggered at time instance , 
· Step 0 - UE forms initial candidate resource set  at time instance () composed of  resources based on sensing results collected in time window []
· Step 1 - UE processes  and selects N tentative candidate resources  ordered in time for transmission intended to be signaled in SCI
· The first entry in  is selected from  by randomly picking one resource out of  earliest in time resources from  ()
· Step 2 -UE continues to monitor transmissions within resource selection window till the time instance () and forms  and  based on sensing window []
· Step 3A - If the first in time resource from  is a part of  (i.e. there is no collision), UE use this resource for transmission and selects remaining  resources either from  or 
· Step 3B - If the first in time resource from  is not a part of  (i.e. there is a collision), UE continues monitoring until the next time instance () determined by the first in time resource in . The above process is repeated starting from Step 1 by setting , .
Proposal 15:
· For feedback based transmission, support HARQ round trip time aware resource selection procedure
· When UE disables sidelink feedback, it automatically switches to resource selection procedure developed for blind retransmissions
Proposal 16:
· Long-term sensing window duration is (pre)-configured
· Timer or counter based condition is used to trigger resource (re)-selection for semi-persistent resource selection scheme
· Semi-persistent resource selection scheme is applied for semi-persistent transmissions with resource reservation interval (SPS period) below long-term sensing window duration
· Dynamic resource selection scheme is applied for aperiodic transmissions and semi-persistent transmissions which resource reservation interval (SPS period) exceeds long-term sensing window duration
Proposal 17:
· NR-V2X supports dynamic prolongation of semi-persistent processes
· Semi-persistent process semi-statically allocates NSPS resources valid for each transmission period
· Semi-persistent process supports allocation of extra ND dynamic resources for each transmission period where ND is dynamically determined by UE
Proposal 18:
· UE performing sensing and resource selection procedures takes into account QoS attributes of ongoing sidelink transmissions from other UEs and its QoS of its own sidelink transmission
· At least sidelink transmission priority is signalled by all UEs
· Different SL-RSRP thresholds are applied based on QoS attributes detected from SCI transmission and QoS attribute of UE selecting resource
Proposal 19:
Enable sidelink preemption mechanisms for eV2X sidelink communication with highest priority
UEs with lower priority that have detected transmission conflict with preempted resources yield transmission and trigger new resource reselection with randomized in time trigger for resource selection
Proposal 20:
Sensing based scheme with distributed resource allocation in time where each transmission contains control channel provides the best system level performance and should be agreed for NR V2X communication.

[11] R1-1908679	Fraunhofer HHI, Fraunhofer IIS	Resource Allocation for Mode 2 NR V2X
Observation 1: In the LTE V2X selection procedure, a UE intending to transmit low priority transmissions is provided with a SL-RSRP threshold to select resources that can either deprive other high priority transmissions of an unoccupied resource, or even cause collisions to a UE with an ongoing high priority transmissions.
Observation 2: The increase of the SL RSRP threshold results in the aggregation of resources with varying occupancy levels, of which some resources may be of a lower quality that what the transmitting UE requires.
Observation 3: UEs carrying out sensing can share their sensing results to neighbouring UEs to enable better resource allocation.
Based on these observations, we propose the following:
Proposal 1: We propose to carry out (re-) selection and exclusion of resources by incorporating the following procedures:
· Introduce QoS parameters in the selection of SL-RSRP thresholds.
· A range or a set of thresholds are to be used to cater to different QoS requirements.
· Classification of resources selected based on the measured SL-RSRP values.
Proposal 2: We propose that assistance information in the form of reports containing the congestion/occupancy status of resources as well as information regarding link characteristics can be shared between UEs.
Proposal 3: For the resource reservation for blind retransmissions, we support option 1, where the initial transmission can reserve resources for none, one or more than one blind retransmission.
Proposal 4: We propose to support the pre-emptive reservation of resources for high priority transmissions.
Proposal 5: We propose to define the following procedures for the implementation of the pre-emptive reservation of resources:
· A UE will reserve more than one resource in order to resolve any resource conflict that may arise.
· A UE will carry out short term sensing on the given time slot in order to select the available resource.
Proposal 6: We propose to support that the gNB provides a (pre-) configuration of resources, exclusive to a group, to the member UEs while in-coverage to be utilized when the group moves into Mode 2.
Proposal 7: We propose to support that the gNB provides a (pre-) configuration of resources for a group when it moves in-coverage of a gNB, even if it was formed out-of-coverage of the gNB.

[12] R1-1908732	Lenovo, Motorola Mobility	Discussion on resource allocation for NR sidelink Mode 2
Proposal 1: Reuse LTE-V2X long term sensing mechanism in NR V2X
Proposal 2: If random selection step cannot avoid the collision effectively, considering short term sensing mechanism in NR V2X.
Proposal 3: For long term sensing, reconsidering reporting ratio and maximum number of increasing PSSCH-RSRP threshold for the traffic with lower latency requirement in NR V2X
Proposal 4: Reservation/pre-emption indication needs to be designed if short term sensing is introduced.
Proposal 5: Support Chain reservation and indication method in NR V2X.
Proposal 6: Discuss enhancement mechanisms to improve utilization efficiency of reserved resource and conditional resource reservation mechanism.

[13] R1-1908739	Futurewei	Views on mode-2 resource allocation
Proposal 1: A transmission can reserve resources for none, one, or more than one blind retransmission (Option 1)
Proposal 2: 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 3: when the sensing design has progressed more, RAN1 to revisit if there is a performance degradation due to sensing UEs not being aware of the release of previously reserved resources, and if a remedy is needed
Proposal 4: the maximum number of blind retransmissions supported for one TB is [3]
Proposal 5: the maximum number of reserved blind retransmissions supported for one TB is [3]
Proposal 6: the maximum number of HARQ feedback-based retransmissions supported for one TB is [3]
Proposal 7: the maximum number of reserved HARQ feedback-based retransmissions supported for one TB is [3]

[14] R1-1908771	Sony	Discussion on mode 2 resource allocation for NR sidelink
Proposal 1: For the purpose of sensing, in addition to information on time resource and frequency location, the following information should be signaled in SCI: 
· Priority 
· Resource reservation
Proposal 2: SL-RSSI measurement is used for sensing when the corresponding SCI is not decoded.
Proposal 3: By using the priority information, transmitter UE determines whether to exclude a resource reserved for potential retransmission based on HARQ.
Proposal 4: Support that other transmitter UEs can select the unused resources which are released as the candidate transmission resources.

Observation 1: For blind retransmission, option 1 has a better performance than option 2 especially when the distance between the transmitter UE and receiver UE becomes longer.

[15] R1-1908795	ZTE,Sanechips 	Mode 2 resource allocation schemes on sidelink
Observation 1: For SPS services, the initial transmission resource of a first TB can be selected without reservation based on sensing.
Observation 2: For SPS services, except the first TB transmission, initial transmission resource of a TB can be reserved by indicating service period in SCI associated with a previous TB

Proposal 1: The information indicated in SCI should be used to exclude reserved resources.
Proposal 2: In sensing procedure, SL-RSRP should be measured according to DMRS of PSSCH when both PSCCH and PSSCH are transmitted.
Proposal 3: SL-RSRP should be used to exclude resources based on pre-determined threshold.
Proposal 4: SL-RSSI should be used for determining candidate resources set.
Proposal 5: The resource ratio of the candidate resources set in the resource selection window needs to be further discussed.
Proposal 6: For periodic services, it is suggested that the periodic of the SL-RSSI linear average in LTE V2X is reused for NR V2X.
Proposal 7: For aperiodic services, a fixed period value should be used for the SL-RSSI linear average, such as 100ms.
Proposal 8: The candidate resources set should be reported to high layer to select the actual resource for sidelink transmission.
Proposal 9: A fixed length of the sensing window is adopted for NR V2X, such as 1s.
Proposal 10: Standalone SCI for initial transmission reservation is supported for dynamic services.
Proposal 11: The maximum number of transmission is configurable for both blind retransmissions and feedback-based PSSCH retransmissions in NR sidelink.
Proposal 12: Support chain reservation for retransmission resource by indicating slot interval between current SCI and the next retransmission resource.
Proposal 13: For both the receiver UE(s) and other UE(s), the HARQ Feedback information cannot be used for resource selection from the resource(s) of feedback-based PSSCH retransmissions of the transmitting UE.
Proposal 14:  Sensing and resource selection procedures for both other UE(s) and receiving UE(s) shall not impacted by the release of feedback-based PSSCH retransmissions of the transmitting UE.

[16] R1-1908804	Panasonic Corporation	Discussion on sidelink resource allocation in mode 2 for NR V2X
Proposal 1: 1st stage of SCI (= PSCCH) should be decodable by any UE i.e. not CRC scrambled by the UE/group ID even for unicast/groupcast transmission.
Proposal 2: TBS calculation should not take the variation of PSFCH symbols into account, e.g.  used for TBS determination in Rel.15 NR is not adjusted by the resource for PSFCH. 
Proposal 3: The time interval between resources reserved by a SCI should be randomized among the time range allowed in QoS.
Proposal 4: The reservation mechanism can be common between periodic transmission and aperiodic transmission except the time range of the reservation.
Observation: Tx UE of the original resource in unicast/groupcast can know the future reserved resource can be released by PSFCH. Rx UE(s) of the original resource in unicast/groupcast can know the future reserved resource can be released by BSR and PSFCH.
Proposal 5: The release resource should be prioritized for the resource selection from Tx UE and Rx UE(s) of the original resource in unicast/groupcast when PSFCH and BSR are used.

[17] R1-1908852	NEC	Mode 2 resource allocation mechanism for NR sidelink
Proposal 1: 
· Autonomous resource selection mechanism in LTE-V2X (LTE Mode 4) should be supported for periodic traffic in NR V2X. 
Proposal 2: 
· Option 2 of sidelink resource reservation for blind retransmissions should be supported.
Proposal 3: 
· Resource reservation is supported for initial transmission of a TB.
Proposal 4: 
· Standalone PSCCH for resource reservation of initial transmission of a TB should be supported;
· For periodic traffic, resource reservation for initial transmission of a TB by signalling associated with a TB immediately before should be supported.
Proposal 5: 
· Resource reservation for feedback based PSSCH retransmission should only be used for data with high QoS or stringent delay budget, and in a resource pool with low congestion level.
Proposal 6: 
· PSFCH decoding based sensing should be supported in mode 2.
Proposal 7: 
· In case of there is no corresponding SCI decoded, SL-RSSI should be used in sidelink sensing procedure.

[18] R1-1908888	ITRI	Discussion on NR Sidelink Mode 2 Resource Allocation Mechanism
Observation 1: In NR V2X, sidelink will support different requirements and different characteristics of traffic. For example, packet may vary in size and packet arrivals processes include periodic and aperiodic traffic arrivals.
Proposal 1: For our point of view, the sidelink resource granularity for resource sensing and selection should be considered with different packet sizes. 
Proposal 2: In our view, there are two alternatives when the SCI is not decoded. Option 1 is SL-RSRP after blind DMRS detection and option 2 is SL-RSSI for sidelink measurement.  For our point of view, we support to use both SL-RSRP and SL-RSSI for sidelink measurement.
Proposal 3: Sidelink measurement for NR V2X mode 2 resource sensing and selection procedure may be important. The measurement report may receive from the base station (i.e. gNB) or the other UEs. 
Proposal 4: The measurement report may include the UE location, traffic specific configuration (i.e. periodic and aperiodic traffic) or else.
Proposal 5: For our point of view, we support the hybrid resource sensing procedure for periodic and aperiodic traffic, which include the long-term sensing and short-term sensing procedure. 
Proposal 6: From our point of view, we support both hybrid resource sensing type 1 and type 2 scheme.
Proposal 7: T1 value can be reduced when adopting multiple types of SCS. It can be measured in slots with different slot duration. Furthermore, T2 value reduction can also consider adopting different SCS.
Proposal 8: An SCI can reserve resources of multiple TBs and their corresponding HARQ retransmissions
Observation 2: Look-ahead reservation and chain reservation pose a tradeoff between reliability and signaling overhead.
Proposal 9: A hybrid reservation approach is adopted, in which the chain reservation follows right after the last blind retransmission reserved by look-ahead retransmission. From our viewpoint, we support option 1 for the sidelink resource reservation for blind retransmissions.
Observation 3: The geo-based resource management techniques can be utilized to substantially reduce the co-channel collision problem so that vehicles transmit on orthogonal resources improving interference conditions in certain range. 
Observation 4: Geo-based resource management techniques require cross-layer interaction, hence that proper radio resources for vehicle transmissions are selected based on vehicle geo-position. 
Proposal 10:  The mechanism to report geographical information to gNB should be FFS.

[19] R1-1908902	LG Electronics 	Discussion on resource allocation for Mode 2
Proposal 1: For sensing operation in Mode 2-(a), the following information is used as in Rel-14.
· Priority (or QoS) information obtained by decoding PSCCH
Proposal 2: When one of following conditions is satisfied, the blind retransmission needs to be performed by UE.
· When using a resource without having a linkage with PSFCH resource
· If there is not enough latency budget left to perform SL HARQ feedback-based retransmission
Proposal 3: Further discussion is necessary on how to design sensing and resource selection mechanism for aperiodic traffic in Mode-2(a) operation. The following aspects need to be considered:
· Multi-slot transmission can be beneficial as decoding SA and/or measuring energy in a slot can give the resource usage in future slots.
· TDM of SA and data in each slot can enable fast SA decoding which is useful in the sensing operation based on SA decoding.
Proposal 4: For sensing and resource selection mechanism of aperiodic traffic in Mode-2(a) operation, the following can be considered.
· For sensing in aperiodic traffic
· A UE can determine resources state, i.e., idle or busy by decoding SA and/or using sidelink measurement.
· For resource selection in aperiodic traffic, further discussion is needed on resource selection mechanism including
·  How to handle different priority
· How to randomize resource selection from multiple UEs observing the same idle resources
Observation 1: For the case where standalone PSCCH is additionally transmitted to provide the resource reservation information about the initial transmission (and retransmission), further investigation/evaluation is necessary at least on AGC impact for PSCCH reception, performance gain for high congestion scenario. As one possible solution to resolve AGC issue, it can be defined that PSCCH and PSSCH are transmitted together by using the (pre)defined frequency resource size (e.g., 1 sub-channel).
Observation 2: In case of resource reservation for potential feedback-based retransmission(s), the following options can be considered to maximally utilize unused resource(s) by TX UE. 
· In case of unicast, when a RX UE transmit ACK to its TX UE, it can reuse the TX UE’s remaining retransmission resource(s).
· By overhearing feedback information, other UEs can reuse TX UE’s unused resource(s).
Proposal 5: Mode-2(b) is supported. Further discussion is necessary on the following two types of Mode-2(b), and which one is supported can be determined by inputs from RAN2 and SA2.
· Type A: There is a hierarchy between UEs. A UE (e.g., head UE) restricts the resource pool of another UE (e.g., member UE). 
· Type B: There is no hierarchy between UEs. A UE sends assistance information to another UE, and the receiving UE could refer to this information in its resource allocation.
Observation 3: Mode-2(c) is not preferred considering the uncertainty of SL TX pattern management at least for handling aperiodic traffic with time-varying packet size and the performance lower than Mode-2(a) .
Proposal 6: RAN 1 needs to support beneficial LTE V2X resource allocation principles, which include the zone-based resource allocation and the congestion control. 
Proposal 7: Further discussion is necessary on preemption mechanism in mode-2 operation, e.g., priority handling, TDMed transmission of SA and data, RSU relaying.
Proposal 8: Further discussion is necessary on mechanism of resource allocation and congestion control when using flexible frame structure for NR sidelink.
Proposal 9: Further discussion is necessary on mechanism of adaptive retransmission number (more than 1) to support the advanced V2X services.
Proposal 10: Further discussion is necessary on impact of distributed antenna panel on resource allocation and congestion control.
[20] R1-1908913	Ericsson	Resource allocation for Mode-2 transmissions
Observation 1	It is expected that the accuracy of RSRP measured on PSSCH-DMRS be higher than that of RSRP measured on PSCCH-DMRS.
Observation 2	Performing RSRP measurements on PSSCH-DMRS may create a backward compatibility problem for future releases.

Proposal 1	NR sidelink supports the use of reservation messages for initial transmission.
Proposal 2	Selection of resources for transmission k+1 of a TB is right before transmission k of the same TB.
Proposal 3	The sensing procedure extracts QoS parameters from the decoded SCI.
Proposal 4	For sensing purposes, RSRP measurements on PSCCH-DMRS are used.
Proposal 5	The use of measurements without the corresponding decoded information (e.g., carried in SCI) is not supported.
Proposal 6	The sensing window is defined as the N TTIs preceding the time of resource selection. The value of N is equal to the longest reservation that can be signalled in SCI.
Proposal 7	Sensing during all TTIs in the sensing window is a pre-requisite for resource selection. FFS TTIs that are excluded from this rule (e.g., when the UE is transmitting, etc.).
Proposal 8	Sensing excludes from the list of candidate resources whose RSRP measurement is above a threshold. Thresholds as (pre-)configured per priority level.
Proposal 9	Priority levels and HARQ mode are considered when performing resource exclusion.
Proposal 10	Resources for transmission of PSSCH are selected at random from the list of candidate resources.
•	FFS whether ranking based on measured RSRP is used.
Proposal 11	The typical process of allocating resources for one transmission of one TB was illustrated in Figure 1. The UE selects the value of T1 ≤ T1max, where T1max is defined in the specification and corresponds to the smallest number of slots that is larger than the UE processing time
Proposal 12	The UE selects the size of the selection window Tw ≥ Twmin, where Twmin is (pre-)configured for each priority value and for initial reservations.
Proposal 13	The selection window parameters are measured in terms of slots.
Proposal 14	From a signalling point of view, NR sidelink supports an arbitrary number of retransmissions (blind or HARQ feedback-based) associated with one TB.
Proposal 15	Each SCI reserves resources for at most one retransmission (blind or HARQ feedback-based).

[21] R1-1908929	Asia Pacific Telecom co. Ltd	Discussion on sidelink resource allocation mode 2
[bookmark: _Toc17380745]Observation 1: Reusing NR-Uu CSI report and measurement framework for NR-V2X CSI acquisition will introduce some possible resource collision on the shared carrier. 
Observation 2: Applicability of LBT-like sensing procedure for V2X sensing needs to be further justified due to potentially larger latency introduced from random back-off at least for licensed band case.
Proposal 1: Sensing and resource selection procedures of mode 2 should also consider a reserved resource for HARQ feedback.
Proposal 2: Suggest consider the impact of P/SP/AP CSI measurement and report procedure on resource selection and sensing procedure for NR-V2X mode 2 resource allocation. 
Proposal 3: Support standalone PSCCH transmissions for resource reservations in NR V2X
Proposal 4: Suggest use Rel-14/15 LTE V2X sensing procedure as the baseline for sensing procedure of Rel-16 NR-V2X. Enhancement of Rel-16 NR-V2X sensing procedure for advanced service can be achieved by decreasing time granularity of sensing
Proposal 5: RAN1 needs to consider compatibility with NR Uu and QoS requirement when determining resource granularity for sensing in NR-V2X  
Proposal 6: Support to introduce PSFCH resource parameter indicator in SCI for other UEs to monitor HARQ feedback from receiving UE.    
Proposal 7: Reserved PSSCH resource should not be utilized by other UEs if other UEs detect neither ACK nor NACK from receiving UE.

[22] R1-1908949	Spreadtrum Communications	Discussion on NR sidelink Mode 2 resource allocation
Observation 1: If the resource selection range for each transmission of a TB is set too large, there may be no resources for the later retransmissions.
Proposal 1: A configurable sensing window size should be supported.
Proposal 2: Support RSRP measurement on both PSCCH and PSSCH. FFS the application scenario of each.
Proposal 3: The impact of QoS attributes on RSRP threshold should be studied in NR V2X.
Proposal 4: RSSI measurement should be supported at least for periodic transmissions in NR V2X.
Proposal 5: Discuss how to solve the SCI missing for aperiodic transmissions.
Proposal 6: Option 2 should be supported for blind retransmission in NR V2X.
Proposal 7: Further discuss the resource selection range for each transmission of a TB in sidelink resource reservations for blind retransmissions and feedback-based HARQ retransmissions.

[23] R1-1909030	InterDigital, Inc.	NR Sidelink Resource Allocation Mechanism for Mode 2
Proposal 1: For mode 2 UE sensing, the minimum granularity in time domain is one slot. 
Proposal 2: If SCI is decoded, the associated PSSCH-RSRP is used in determining whether the resource reservation in the SCI is applied.
Proposal 3: The sidelink RSSI is measured and used in the resource selection procedure for mode 2. 
Proposal 4: The sensing window size is configurable and depends on data QoS.
Proposal 5: UE includes a semi-persistent reservation indication in SCI when reserving resources for periodic traffic.
Proposal 6: Aperiodic traffic resource selection should take both long-term and short-term sensing results into account.
Proposal 7: RAN1 supports the transmission of resource reservation message(s) before the initial transmission of a TB.
Proposal 8: Support standalone PSCCH for reserving resources for the initial transmission of a TB. Support PSCCH associated with a TB to dynamically reserves the resources of the initial transmission of a different TB. 
Proposal 9: For blind retransmission, the resource reservation for blind retransmission is signaled in the SCI for the initial transmission of a TB. 
Proposal 10: Feedback-based PSSCH retransmissions is also supported without resource reservation from the prior transmission of the same TB.
Proposal 11: For PSSCH retransmission based on HARQ feedback, the retransmission follows the same resource allocation procedure as the initial transmission.
Proposal 12: For feedback based PSSCH retransmission, whether or not reserving the resources for retransmission in the initial transmission depends on buffer status.
Proposal 13: NR V2X considers the pre-emption mechanism for sidelink resource reservation. 

[24] R1-1909051	Apple Inc.	Considerations on NR mode 2 resource allocation mechanism
Proposal 1: NR V2X to consider support Listen Again After Talk (LAAT) enhancement to the LBT procedure
Proposal 2: To support LAAT, NR V2X utilizes the slot format that allows Tx/Rx switching within a slot
Proposal 3: To support LAAT, NR V2X device performs additional LBT if collision is detected during LAAT and adjust LAAT operation/configuration based on the LAAT result.
Proposal 4: Overhead associated with LAAT procedure should be optimized based on multiple factors, including but not limited to device speed, message priority and LAAT results.
Proposal 5: NR V2X to consider adapt the reporting and CDRX configuration based on UE speed, etc., e.g. by allowing UE to feedback preferred reporting and CDRX configuration.

[25] R1-1909072	AT&T	Resource allocation mode-2 for NR sidelink
Proposal-1: One SCI can only reserve resource for a certain duration of time. UE needs to send reservation SCI again if it needs to reserve resource beyond that duration of time. The length of the duration of time is pre-configured. 
Proposal-2: Resource reservation signaling should support reserve future resource in a frequency hopping manner.
Proposal-3: UE is required to have fair accurate estimation of the amount of required resource before reservation. For reserved resources, UE is required to utilize them to a certain ratio. And send a LS to ask RAN4 to have a test case about this. 
Proposal-4: When UE is in coverage and UE is operating on a network configured resource pool, network may trigger UE to send the utilization report to verify the operation efficiency of a certain resource pool. 
Proposal-5: To enhance the reliability of the group-cast or broad-cast, UEs received the data packet may re-transmit the same data packet simultaneously (SFN type of retransmission)

[26] R1-1909096	Sharp	Resource allocation mode 2 for NR sidelink
Proposal 1: NR sidelink supports that a transmission can reserve resources for more than one blind retransmissions (Option2).
Proposal 2: Resource reservation information in SCI from a UE contains a combination of resources reserved by the UE and resources reserved by all other UEs as observed by the UE.
Proposal 3: The minimum granularity for sensing in time domain is one slot.
Proposal 4: The starting slots and starting sub-channels of PSSCH candidates are (pre-) configured.
Proposal 5: Consider to support sensing with granularity of resource patterns.
Proposal 6: In NR sidelink mode 2 sensing, UE is able to determine all the resources reserved for a set of transmissions (including initial transmission and blind retransmissions) based on detection of one SCI.

[27] R1-1909187	NTT DOCOMO, INC.	NR Sidelink Resource Allocation Mechanism Mode 2
Observation 1: Use of standalone PSCCH to reserve resource for initial transmission of a TB can reduce resource collision probability, where there would be a trade-off between resource collision mitigation and incurred half duplex issue.
Observation 2: It has been allowed that initial transmission of a TB can be performed without a standalone reservation signalling before it. Such exception can work inline the resource reservation based resource selection to address TB transmission with extremely low latency requirement.
Observation 3: For sensing procedure, the need of another SL measurement except for L1 SL-RSRP is not clear. 
Observation 4: TFRP is useful for half duplex issue mitigation among proximity-UEs. TFRP can be applied for reservation signalling and/or TB transmission.

Proposal 1: NR V2X supports reservation of a sidelink resource(s) for an initial transmission of a TB by SCI associated with this TB transmission.
· A standalone PSCCH/PSSCH ahead of the reserved resource(s) can be used for the SCI transmission.
Proposal 2: NR V2X supports reservation of sidelink resource for none, one or more than one blind retransmission. 
Proposal 3: NR V2X supports reservation of sidelink resource for none or one HARQ feedback-based retransmission.
Proposal 4: Resource exclusion from resource selection window based on sensing result is supported in NR mode 2.
Proposal 5: Resource exclusion in LTE mode 4 can be baseline for NR mode 2 resource exclusion.
· FFS: whether how to use QoS parameters, SL measurement/sensing result for resource exclusion
Proposal 6: At least for resource selection for standalone resource reservation signalling transmission, LBT channel assessment is supported during resource selection among the non-excluded resources in resource selection window.
Proposal 7: NR SL mode 2 resource selection procedure supports TX UE to simultaneously select resources for all the initial transmission and (remaining) retransmission(s) of a TB.
· FFS: whether all the selected resources are used/reserved by the TX UE. 
Proposal 8: A common resource selection procedure should be applied regardless whether resource or resource pattern is the minimum resource granularity.
Proposal 9: Support SL pre-emption operation for NR SL mode 2.

[28] R1-1909254	Qualcomm Incorporated	Sidelink Resource Allocation Mechanism for NR V2X
Observation 1: Defining separate long-term and short-term sensing procedures are not required. Additionally, a sensing window for the purpose of identifying reserved resources or maintaining the resource reservations is not required.
Observation 2: Distance based exclusion performs better than RSRP based exclusion within the control exclusion zone.

Proposal 1: Slot aggregation is supported in NR V2X.
Proposal 2: In NR V2X, initial and retransmissions of packets need to be transmitted within the packet delay budget
Proposal 3: For sidelink transmissions in NR V2X, the time difference between the last transmission and the first transmission cannot exceed the HARQ budget
Proposal 4: NR V2X supports Control Exclusion (CE) zone which defined the area around the around the Tx UE where reserved resources are excluded by other UEs. The CE is indicated in the PSCCH.
Proposal 5: Sensing procedure provides the following information for resource allocation:
· Resources reserved obtained by SCI decoding which provides a map of future reservations for resource exclusion
· L1-RSRP for the resources associated with decoded SCI 
· CE values indicated through the SCI for determining the range/RSRP threshold where the reservations apply
· Priority level (QoS) for the corresponding packet
· RSSI information for resources where SCI decoding was not successful for computing the ratio of occupied resources
Proposal 6: Resource identification procedure involves the following steps:
· Selecting a contention window based on PDB, HARQ budget and N (number of transmissions)
· Modifying the CE value based on historical data to reflect congestion levels in the system
· Identifying a set of available resources based on the CE value in each contention window
Proposal 7: Resource selection procedure involves the following steps:
· Ranking the set of available resources as follows: 
· Resources that are available (not occupied) after all reserved resources are excluded ranked by their respective L1-RSRP
· Resources have been previously reserved but are beyond the selected initial CE value ranked by their respective L1-RSRP
· Resources that are occupied but are associated with packets with lower priority levels ranked by their respective L1-RSRP
· Initially selecting 2 resources for the initial transmission and for reservation of the retransmission
· Following the initial transmission, selecting additional resources one at a time in each contention window for the remaining transmissions
Proposal 8: For the number of resource reservations for blind retransmissions, choose Option 2: “A transmission can reserve resource for none or one blind retransmission”.
Proposal 9: If a TB has been successfully received by the target Rx UEs and no further HARQ retransmissions are necessary, then any reserved resources associated with that TB are released for use by other UEs.
Proposal 10: If a re-transmission is necessary due to HARQ-feedback, the resources reserved by the previous transmission are utilized for the retransmission.
Proposal 11: RSRP based control exclusion and distance-based control exclusion are both supported in NR V2X.
Proposal 12: Counter-based channel access schemes are supported for resource allocation in NR V2X.

[29] R1-1909292	Xiaomi Communications	On Mode 2 resource allocation of V2x communications
Proposal 1: The SCI including information on the resource of the 1st PSSCH transmission of a TB should be transmitted in a slot prior to the slot where the PSSCH is transmitted, for sensing by other UEs. 
Proposal 2: The time gap between the SCI and the PSSCH transmission should be signaled in the SCI.
Proposal 3: RAN1 assumes a vehicle UE keeps sensing in all the sidelink slots unless it cannot sense due to half-duplex.
Proposal 4: The resource to be occupied by other UEs with potential high interference should be precluded from the candidate resource set.
Proposal 5: UE should announce the occupancy of the selected resource before transmitting in the resource.
Proposal 6: Resource reselection can be triggered if the same resource is announced by other UE after resource selection and before the occupancy announcement.

[30] R1-1909306	ASUSTEK COMPUTER (SHANGHAI)	Discussion on Mode 2 resource allocation in NR V2X
Proposal 1: 	NR V2X supports option 1 for sidelink resource reservation for blind retransmissions
(A transmission can reserve resources for none, one, or more than one blind retransmission).
Proposal 2: 	A SCI need to indicate 
· The number of blind retransmissions for a TB
· Time gap information between adjacent (re)transmissions for a TB
Proposal 3: 	In response of receiving ACK, the transmitter retransmit the TB on a reserved PSSCH resource, wherein associated scheduling PSCCH indicates release of unused resource reservation or indicates no resource reservation.

[31] R1-1909349	CAICT	Considerations on the resource allocation for NR sidelink Mode2
Observation1: Time-frequency resource pattern (TFRP) is a good solution to support multiple types of PSSCH resource indication, with low signalling cost and high configuration flexibility
Proposal1: Support TFPR to indicate the PSSCH resource reservation and FFS the pattern configuration.
Observation2: At the UE side, the channel sensing procedure can be flexibly adjusted according to SCI detection and PSSCH configuration.
Proposal2: Support multiple channel sensing procedures and let the UE to determine which one to adopt.
Observation3: The sidelink shall support the flexibility to support that the PSCCH can indicate the PSSCH transmission in the slots after it as long as the resource is available and the requirement of latency is fulfilled. 
Proposal3: Enhance the flexibility of time gap between the PSCCH and its associated PSSCH.
Proposal4: At least support the pre-emption mechanism to the scenario with one source node.
image1.emf
n

sensing window

selection window

T1 n-T0 T2 T2+T1

PDB

scheduling window


Microsoft_Visio_Drawing1.vsdx
n
sensing window
selection window
T1
n-T0
T2
T2+T1
PDB
scheduling window



image2.wmf
]

,

[

2

1

T

n

T

n

+

+


oleObject1.bin

image3.wmf
1

T


oleObject2.bin

image4.wmf
2

T


oleObject3.bin

image5.wmf
y

x,

R


oleObject4.bin

image6.wmf
subCH

L


oleObject5.bin

image7.wmf
SL

y

t


oleObject6.bin

image8.wmf
1

,...,

0

subCH

-

L

j

=


oleObject7.bin

image9.wmf
subCH

L


oleObject8.bin

image10.wmf
]

,

[

2

1

T

n

T

n

+

+


oleObject9.bin

image11.wmf
total

M


oleObject10.bin

