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1 Introduction

When NR V2X work near its end, we take a look at NR V2X resource pool design based on RAN1 input.  We find that the complexity of resource pool is greatly increased due to the introduction of HARQ feedback mechanism. As a result, it is literally impossible to have a SL receiver to decide the ACK/ NACK transmission without the clear indication of which TX parameter option is chosen by the TX UE. This, however, deviates from LTE V2X practice, namely, when UE is configured only with RX pool can still interoperate with TX UEs camped in different cells, even when those pool configurations are not identical.
In this paper, we explain the above observation and its implication and challenge to RRC specification. We ask RAN2 WG to discuss options to handle this problem, including any normative text in the RRC specification to ensure the interoperability of NR V2X UEs in SL groupcast/unicast.
2 Discussions
V2X resource pool defined in TS 36.331 [1] for LTE V2X is shown as below:
SL-CommResourcePoolV2X-r14 ::=

SEQUENCE {


sl-OffsetIndicator-r14



SL-OffsetIndicator-r12

OPTIONAL,
-- Need OR


sl-Subframe-r14





SubframeBitmapSL-r14,


adjacencyPSCCH-PSSCH-r14


BOOLEAN,

sizeSubchannel-r14




ENUMERATED {











n4, n5, n6, n8, n9, n10, n12, n15, n16, n18, n20, n25, n30,











n48, n50, n72, n75, n96, n100, spare13, spare12, spare11,











spare10, spare9, spare8, spare7, spare6, spare5, spare4,











spare3, spare2, spare1},


numSubchannel-r14




ENUMERATED {n1, n3, n5, n8, n10, n15, n20, spare1},


startRB-Subchannel-r14



INTEGER (0..99),


startRB-PSCCH-Pool-r14



INTEGER (0..99)



OPTIONAL,
-- Need OR

rxParametersNCell-r14



SEQUENCE {



tdd-Config-r14




TDD-Config




OPTIONAL,
-- Need OP



syncConfigIndex-r14



INTEGER (0..15)


}















OPTIONAL,
-- Need OR


dataTxParameters-r14



SL-TxParameters-r12


OPTIONAL,
-- Cond Tx


zoneID-r14






INTEGER (0..7)



OPTIONAL,
-- Need OR


threshS-RSSI-CBR-r14




INTEGER (0..45)



OPTIONAL,
-- Need OR


poolReportId-r14




SL-V2X-TxPoolReportIdentity-r14

OPTIONAL,
-- Need OR


cbr-pssch-TxConfigList-r14


SL-CBR-PPPP-TxConfigList-r14
OPTIONAL,
-- Need OR

resourceSelectionConfigP2X-r14

SL-P2X-ResourceSelectionConfig-r14
OPTIONAL,
-- Cond P2X


syncAllowed-r14





SL-SyncAllowed-r14



OPTIONAL,
-- Need OR


restrictResourceReservationPeriod-r14
SL-RestrictResourceReservationPeriodList-r14
OPTIONAL,
-- Need OR


...

}

What highlighted above are pool-specific options critical to the decoding of SL transmission:
· adjacencyPSCCH-PSSCH

· sizeSubchannel

· numSubchannel

· startRB-subchannel
· startRB-PSCCH-pool

Those above parameters are used to define the resource location of frequency domain, i.e., subchannel structure of PSCCH/PSSCH. Each of such parameters has multiple optional values. If the RX UE does not know the exact option of which TX UE uses for transmission, either SCI cannot be decoded, or decoded SCI information cannot be linked to the right PSSCH resource to obtain DATA portion.

As a result, it is very important that neighboring cell need to sync with Tx pool and RX pool configurations, because a SL transmitter may not be in the same cell as the receiver. Logically, for a receiver to correctly decode the SL transmission, it relies on RX pool configuration only. RX UE cannot know the exact TX resource pool configured in another cell. It cannot know whether the TX resource is from a common TX pool or dedicatedly allocated by an eNB, either.

In LTE-V2X, it is assumed the list of RX pools, is a “superset” of all the TX pool from its own cell and neighboring cell, which as depicted below. 
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Figure 1: Configure a list of LTE V2X RX pool based on TX pools in neighboring cell
Literally, the TX pool used by a cell is copied & pasted into the RX pool in the adjacent cell. For such a configuration, there is no requirements that all those TX pools in the neighbor cells shall be identically configured. This can be explained as below:
Case 1: The TX pools used by two neighbor cells (e.g., cell 6 and cell 3 in Figure 1) use non-overlapping (orthogonal) resources. So, in this case, the UEs in those two cells are configured with different TX resources, but RX UE in cell 0 can easily determine a unique RX pool configuration to decode the SL transmission. 

Case 2: The TX pools used by two neighbor cells (e.g., cell 6 and cell 3 in Figure 1) use overlapping resources. In this case, the RX UE(s) in cell 0 will be configured with two overlapping RX pool configurations.  When obtaining the SL raw signals in one subframe, the RX UE will need to test two hypotheses of subchannel structure to decode the SL transmission, one from RX pool mapped from TX pool of cell 6, and the other from cell 3. If one of the configuration matches and no decoding errors, the RX UE will be able to obtain a CRC-verified PSSCH transmission block and pass it to upper layer. If the decoding endeavors fail after trying every hypothesis, the RX UE has no other action to follow, even though the UE is not exactly clear which pool configuration the transmitter actually adopted.

In summary, in either case 1 and case 2 configurations, the LTE V2X UE is able to survive the configuration variations in neighboring cells. Anyway, since the number of configured RX pools is limited (the cells to interoperate in proximity is limited), the RX UE will be able to handle this case with limited impact on UE implementation.
As explained above, LTE-V2X does not require TX pools in the adjacent cells follow the same set of configurations because RX UE can handle the inconsistency and make an unambiguous decision in decoding process.

Observation 1 
LTE-V2X allows “pool-specific” TX pool configurations, as long as all TX pool(s) configurations are mapped into RX pool(s) in adjacent cells. 
In NR V2X, HARQ feedback mechanism is introduced for SL groupcast and unicast. When PSFCH is used, in addition to decoding, the RX UE will need to transmit HARQ ACK/NACK back to TX UE.

This creates some new problem for pool configurations:

For example, in “SL-resourcePool” defined in 38.331 [2] for NR V2X, there is “SL-PSFCH-config-r16”

SL-PSFCH-Config-r16 ::=                     SEQUENCE {

   sl-PSFCH-Period-r16                          ENUMERATED {sl0, sl1, sl2, sl4}                                   OPTIONAL,    -- Need M
   sl-PSFCH-RB-Set-r16                          BIT STRING (SIZE (275))                                           OPTIONAL,    -- Need M
   sl-NumMuxCS-Pair-r16                         ENUMERATED {n1, n2, n3, n4, n6}                                   OPTIONAL,    -- Need M
   sl-MinTimeGapPSFCH-r16                       ENUMERATED {sl2, sl3}                                             OPTIONAL,    -- Need M 

   sl-PSFCH-HopID-r16                           INTEGER (0..1023)                                                 OPTIONAL,    -- Need M
   ...

}
The above parameter indicates the PSFCH resource locations where the RX UE shall follow to transmit HARQ feedback. For example, “sl1” and “sl2” means PSFCH periodicity is “1 slot” or “2 slots” respectively for a resource pool, 
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Figure 2: PSFCH Periodicity example

For the same example in Figure 1, let us assume there are TX UEs in both cell 3 and cell 6, and RX UE is in cell 0. As shown in Figure below, if cell 6 and cell 3 has two TX pool configurations are very similar, but the “SL-PSFCH-config” parameter is different, then those two pool configurations are supposed to be duplicated in cell 0’s configured list of RX pools. 
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Figure 3: Example of PSFCH resource configuration inconsistency among adjacent cells
Suppose UE in cell 0 tries to decode the SCI of a SL transmission, it does not know which cell the TX belongs to. It may decode the SCI and DATA with either of the two RX pool configurations, but it now faces an ambiguity about what is exact PSFCH resource configuration is to follow. If the RX UE use ‘sl1” as its guidance to send PSFCH signal but the TX UE is located in cell 3, then there would be a potential problem for the TX UE to receive the PSFCH signal.
The “SL-PSFCH-config-r16” is not the only parameter which creates this ambiguity. There are some other pool-specific parameters which allow multiple options and the choice of such an option is not carried in SCI over the air.
For example, RAN1 has recently agreed the zone configurations used for SL groupcast as below [3]:

	· Agreements on (pre)configuration of zone length/width and communication range requirement (physical layer procedure)

· Zone length and zone width are always the same and configurable among {5m, 10m, 20m, 30m, 40m, 50m} per communication range requirement per resource pool. 




The agreement to allow zone length and zone width varying values per resource pool will lead to the same dilemma as explained in the earlier example. The zone size is used by a RX UE to determine whether the RX UE is within the intended groupcast range. Now, with TX UEs camped in adjacent cells may have different understandings of this parameter, the RX UE will now have multiple hypotheses to evaluate this range, and different hypothesis may lead to different conclusions: either sending feedback or not sending feedback. 

Observation 2 
NR-V2X will not allow certain “pool-specific” TX pool configurations to be configured independently, as it creates ambiguity in RX UE HARQ feedback behavior.
To mitigate this issue, there are some possible way to ensure inter-operability in those cases:

Option 1
If PC5-RRC can be used, the TX UE may convey the whole pool configuration (or a selected set of pool-specific parameter choices) to RX UE via PC5-RRC SL configuration procedure. Of course, there is some unicast transmissions occurring even before PC5-RRC connection is established, so the problem is a bit complicated for the default SL SRB. Also, as RAN2 agreed that there is no PC5-RRC to be used for SL groupcast, it is worth considering another option. 

Option 2 
For a certain region (bigger than a cell), the certain parameters in those TX pool configurations shall be identical, as long as TX resource are overlapping in time and frequency domain. For example, all 7 cells centered at cell 0 in Figure 1 need have identical zone length and width in TX pool configurations and PSFCH periodicity, so that RX UEs in cell 0 will be able to do SL groupcast without ambiguity. But given that cell 1 or cell 2 may also each have 6 neighboring cells to coordinate, so such a “blanket” configuration may need cover a larger swath of area than what is depicted in Figure 1. 

Given the above discussion and consider that there is very limited time for Rel-16 work, we recommend RAN2 to use Option 2 as a simple guideline for RRC configurations for any of those parameters. RAN2 may need to single out all parameters related to HARQ-feedback mechanism which are not be able to vary per pool (or per cell) and describe such a constraint in the descriptions of each of such IE. Otherwise, it is not clear how to configure those NR V2X parameters in actual NR V2X deployment. 

Proposal 1
RAN2 identifies the HARQ-related RRC parameters in resource pool which should be consistently set per region and add that constraint in the description of each of such IE.  
3 Conclusion

In this contribution, we discussed the RRC configuration issue which may cause interoperability problems for NR V2X UEs in adjacent cells and we have the following observations:

Observation 1 
LTE-V2X allows “pool-specific” TX pool configurations, as long as all TX pool(s) configurations are mapped into RX pool(s) in adjacent cells.
Observation 2 
NR-V2X will not allow certain “pool-specific” TX pool configurations to be configured independently, as it creates ambiguity in RX UE HARQ feedback behavior.
Then, we have the following proposal:
Proposal 1
RAN2 identifies the HARQ-related RRC parameters in resource pool which should be consistently set per region and add that constraint in the description of each of such IE.  
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