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1 Introduction

In RAN2#99, it was agreed that
=> RAN2 will study a proper Tx carrier selection from AS point of view (with the consideration of inter-layer interactions with upper layers)
In RAN2#99bis, it was agreed that

Agreements:

1: CBR should be considered for the UEs’ Tx carrier selection in PC5 CA from RAN2 perspective.

2: Priority indicated by PPPP should be considered for the UE’s Tx carrier selection in PC5 CA from RAN2 perspective. Not closed for other factors.

3: AS is aware of candidate V2X frequencies for V2X packet transmissions, which configured by upper layers (Same as Rel-14). FFS on the additional need in Rel-15.

4: UE capability on PC5 CA should be considered for the UE’s Tx carrier selection from RAN2 perspective. However no additional specification impacts are foreseen at the moment.

5: Configuration/Preconfiguration of PC5 carriers (at least one candidate set of PC5 CC) for the UE’s Tx carrier selection (like Rel-14). FFS if further standard changes (including UE behaviours) are needed for Rel-15 eV2X.

6: From RAN2 point of view we do NOT need a PCC and SCC.

7: No need of activation/deactivation mechanism for carriers.

8: FFS on how to handle Rx limited V2X UE.
In RAN2#101, it was agreed that

Agreements
1: When UE performs Tx carrier selection using CBR and PPPP, Tx carrier selection based on a configuration of Rel-14 CBR-PPPP-TxConfigList is used as a baseline.

2: Tx carrier selection based on (pre)configuration is performed in MAC layer. FFS on the need of LCP change.

3: For Tx carrier selection, introduce new Rel-15 parameters on top of the Rel-14 CBR-PPPP-TxConfigList.

4: FFS on how to select the final carrier(s) among the multiple candidate carriers in which the UE is capable to transmit. We will decide option out of two (i.e. based on CBR or leaving it to UE implementation) next meeting.
In this contribution, we discuss the detailed procedure of carrier selection for CA-based eV2x in mode-4.
2 Discussion
RAN2 introduces the following factors for Tx carrier selection:

· CBR;

· PPPP;

· Service identifier (i.e., according to TS 24.386, “V2X service identifier to V2X frequency mapping rules between the V2X service identifiers and the V2X frequencies with associated geographical areas for V2X communication over PC5”);

At the same time, RAN1 has agreed on the factor of TX capability limitation as follows:

Agreement: 

· The UE shall follow Option 1-1 for (a), (b), (c)

· Otherwise, the UE shall follow Option 1-2

Here, the definition of option 1-1/1-2 and (a), (b), (c), (d) are introduced in RAN1#91 as follows:
Agreement
· From RAN1 understanding, the limited TX capability means that the UE cannot support transmission(s) over carrier(s) in a subframe due to 

 
(a) Number of TX chains smaller than the number of configured TX carriers or
 
(b) UE doesn’t support the given band combination or
 
(c) TX chain switching time or

 
(d) UE cannot fulfill the RF requirement due to, e.g., PSD imbalance

· For a UE with limited TX capability, RAN1 considers the following options for resource selection in mode 4 CA.

 
Option 1-1: When the UE performs the resource selection for a certain carrier, any subframe of that carrier shall be excluded from the reported candidate resource set if using that subframe exceeds its TX capability limitation under the given resource reservation in the other carriers.

 

FFS details, e.g., the carrier resource selection order should consider PPPP of transmission and CBR.
 
Option 1-2: If the per-carrier independent resource selection leads to transmissions beyond the TX capability of the UE in a subframe, UE re-does resource reselection within the given reported candidate resource set until the resultant transmission resources can be supported by the UE.

 

FFS: whether it is up to UE implementation

 

FFS details, e.g., the carrier resource selection order should consider PPPP of transmission and CBR.

In the following, one possible implementation of mode-4 carrier selection is provided in steps, for which the flow chart is given in Figure 1, in order to show how these input factors (agreed by RAN1 and RAN2) fit into the whole procedure. 
2.1 An implementation example of carrier / resource (re)selection

Please note that UE would run the following steps for each subframe if there is buffered data to be transmitted.

Step-1: In this step, if there are any unused multi-shot resource grant reserved previously, i.e., for which MAC PDU has not yet been assembled, they are initialized as invalid grant(s).

Step-2: Check if there is any buffered data to be transmitted which are not ‘skipped’ (please refer to step-9 for the action of ‘skip’) in the current subframe, if yes go to step-3, otherwise quit from the loop.

Step-3: Within all the buffered data (not skipped), UE selects a destination address, having the sidelink logical channel with the highest priority, among the sidelink logical channels having data available for transmission, and based on the following two factors:

· Factor-1: The selected destination address, or essentially the service identifier for the destination;
· Factor-2: Within the selected service, the sidelink logical channel with the highest priority and with data available, or essentially the lowest PPPP value;
To initilize the service-specific carrier set – ‘X’ as the intersection set of carrier set mapped from factor-1 and factor-2 above;

Step-4: UE check on X, where there is available ‘invalid grant’, if there is then go to step-5, otherwise go to step-6.

Step-5: For the is pre-reserved available ‘invalid grant’, check whether any trigger for resource reselection / carrier reselection trigger is satisfied, if yes go to step-6, otherwise decide the use the current grant directly, and go to step-10.

Step-6: UE runs the carrier (re)selection procedure within X, taking into account of Factor-3, i.e., the CBR value, e.g., select the carrier with CBR lower than a threshold and/or the carrier with lowest CBR. After this step, a specific carrier is selected, i.e., carrier x in set X.
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Figure 1 Flow chart of Tx carrier selection in mode-4
Step-7: UE runs the resource (re)selection procedure on x, taking into account of Factor-4, i.e., the TX capability limitation, and the ‘valid’ resource grant would be prioritized if any collision happens. Also, in this step, the two L1 parameter tables (i.e., the speed-sync table and the CBR-PPPP table) have to be followed.

After this step, UE check whether there is available resource can be selected on x. If yes, go to step-10, otherwise, go to step-8.

Step-8: The selected carrier x is removed from X, and UE check whether the X is empty now. If X is empty, go to step-9, otherwise, go back to step-6 to look for other available carrier in X.

Step-9: Since there is no available carrier for the specific service and specific PPPP, the identified logical channel with highest PPPP for the selected destination / service is skipped for this subframe. And UE would go back to step-2 to check if any other service / PPPP can be served in this subframe.

Step-10: For the identified resource grant, mark it as ‘valid grant’, and start MAC PDU assembly for it. Go back to step-2.

2.2 Issue-1: Impact due to TX capability limitation
As shown in the Figure 2, when resource A is selected on carrier-1, due to the TX capability limitation, the resource selection on other carriers are to be restricted. In details, referring to the limitations identified by RAN1:

· From RAN1 understanding, the limited TX capability means that the UE cannot support transmission(s) over carrier(s) in a subframe due to 

 
(a) Number of TX chains smaller than the number of configured TX carriers or
 
(b) UE doesn’t support the given band combination or
 
(c) TX chain switching time or

 
(d) UE cannot fulfill the RF requirement due to, e.g., PSD imbalance

- For (a) and (b), if considering the UE is equipped with two Tx chain, which is only applicable to continuous carrier, then when A is selected, resource B on carrier-3/4 is not available anymore;

- For (c), resource C on carrier-3/4 are not available either, if assuming that 1ms is needed for the Tx chain switching time;

- For (d), the usage resource D on carrier-2 have to be checked, i.e., whether the PSD imbalance is a problem or not.
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Figure 2 Impact due to TX capability limitation

From the analysis above, it can be seen that the TX capability limitation would restrict the selection of specific resource but not the whole carrier.

Observation 1 TX capability limitation restricts the selection of specific resource but not the whole carrier.

The applicable carrier is decided based on the service identifier and the associated PPPP value. In other words, before knowing the target service and the associated PPPP value, one can never know what the target carrier is, and whether TX capability limitation should be taken into account. Therefore, TX capability limitation should be checked after carrier selection based on service and PPPP value.
Proposal 1 TX capability limitation is checked after carrier selection based on service and PPPP value.

Reusing the example given in Figure 2, since resource A and B are conflicting with each other, there would be two alternatives:

· Alt-1: One is to use A and thus drop resource B;

· Alt-2: The other is use B and thus to drop resource A;

To make decision on the two alternatives, UE may need to compare the priority of the packet to be carried by the two resources. For example, packet A for service A and PPPP A is mapped to carrier-1, and packet B for service B and PPPP B is mapped to carrier-3. One alternative (e.g., Alt-1) may be selected if the carried data (e.g., packet A) has lower PPPP value, and thus more urgent / important to be delivered.

Observation 2 PPPP value of buffered data should be taken into account when solving collisions due to TX capability limitation.

There could be two ways to address the TX capability limitation:

· Way-A: PHY layer reports all resources (for Figure 2, resource A, B and C) in S_B to MAC layer, and it is up to MAC layer to select between A and B/C, taking into account of the service type and PPPP value of packet A and B.

· Way-B: PHY layer only reports non-colliding resources in S_B to MAC layer. For example, assuming resource A is a part of multi-shot resource previously reserved on carrier-1, and thus PHY layer would not include resource B and C in S_B for carrier-3/4 (Please note that there is no information on PPPP when sensing command is sent from MAC layer to PHY layer, so that it is impossible to take into account of PPPP when report S_B). In this way, transmission of packet A would be prioritized anyway, since it arrives earlier and thus the grant is reserved / occupied earlier.

Within the two ways, way-A is preferred, i.e., collision resolution for TX capability limitation should be based on PPPP. Based on the procedure described in section 2.1, since UE would start from the buffered data with highest PPPP (in step-3), i.e., following the legacy LCP procedure, resources would be occupied by higher priority data before lower priority data. Without information on PPPP value of the logical channels with buffered data, PHY layer cannot solve the collision due to TX capability limitation.

Proposal 2 Collision resolution for TX capability limitation is based on PPPP.

Reusing the example given in Figure 2, since resource A and B are conflicting with each other, and if resource A is selected to carry service A and PPPP A, resource B and C would be dropped. If for a specific packet B (e.g., for service B and PPPP B) mapped to carrier-3, in order to select a resource to deliver it, the selected resource has to be

· Satisfying the latency requirement of packet B - here let’s assume it is delay-critical, e.g., end-to-end latency is 5ms.

· The un-sensed resource due to half duplex limitation has to be excluded from the required latency window (e.g., 5ms) – here let’s assume 2ms has been excluded due to half-duplex issue.

· The colliding resource due to TX capability limitation has to be excluded from the required latency window (e.g., 5ms) – here let’s assume 3ms has been excluded TX capability limitation.

Therefore, in some cases, it is possible that for a specific service and specific PPPP value, UE cannot obtain resource to serve it within the latency requirement. 

Observation 3 It is possible that UE cannot find available resource for a specific service and specific PPPP value within the latency requirement due to TX capability limitation.

However, this should not prohibit the UE to select resource to service other service or other PPPP value, i.e.,

· For service B with PPPP other than PPPP B, e.g., PPPP C which might be higher than PPPP B;

· Or for service C with PPPP B or other PPPP values.

It means that UE should be capable of deliver packets of other service / PPPP value after excluding the problematic service / PPPP, i.e., the service B with PPPP B.

Proposal 3 UE implementation can decide to skip serving specific logical channel, if it fails to find available resource for the service and the associated PPPP value.
2.3 Issue-2: PPPP based carrier (re)selection

In RAN2#99bis, it was agreed that 

2: Priority indicated by PPPP should be considered for the UE’s Tx carrier selection in PC5 CA from RAN2 perspective. Not closed for other factors.

And thus in RAN2#101, it was agreed that

3: For Tx carrier selection, introduce new Rel-15 parameters on top of the Rel-14 CBR-PPPP-TxConfigList.

Here the comparison is between the following two alternatives:

· Alt-1: The ‘new parameter’ indicate the carrier availability for specific CBR value and PPPP value;

· Alt-2: The ‘new parameter’ indicate the carrier availability for specific CBR value only;

The premise here is that the new parameter is from AS layer. Then considering one example

· Based on input from upper layer (according to TS 24.386), the data is to be carried by carrier-1;

· Based on input from AS layer, due to the associated PPPP, the data is to be carried by carrier-2;

Observation 4 Service-specific carrier mapping configured by upper layer and PPPP-specific carrier mapping configured by AS layer may collide with each other.

Then in order to solve this issue, there could be different solution candidates:

Solution-1: Assume AS layer would always configure at least one carrier applicable to ALL PPPP value, and upper layer would for ALL service at least map to the said carrier(s). In this way, at least one carrier is available for each PPPP value.

Solution-2: Abandon the PPPP-specific carrier mapping, considering service-specific carrier mapping has already been defined in Rel-14 as legacy behaviour.

Solution-3: Allow the independent AS layer PPPP-carrier mapping and upper layer service-carrier mapping, but clarify the UE behaviour when collision happens, for which possible solution could be:

· 3A: The data is prohibited from transmission

· 3B: follow the service-specific carrier mapping yet abandon the PPPP-specific carrier mapping

· 3C: follow the PPPP-specific carrier mapping yet abandon the service-specific carrier mapping

· 3D: up to UE implementation to decide between 3B or 3C

· 3E: up to UE implementation to decide between 3A or 3B or 3C

Proposal 4 RAN2 discuss how to solve the collision between upper layer service-carrier mapping and AS layer PPPP-carrier mapping.
2.4 Issue-3: CBR based carrier (re)selection

Although Rel-14 V2x CBR-PPPP table is defined for congestion control in a per-pool way, i.e., L1 parameter set is defined based on the CBR of the target pool / frequency, there is no tools for Tx UE to balance between the load of different pools / carriers, i.e., there is no tools specified to motivate the UE to select resource of one pool / frequency by comparing the congestion status (e.g., CBR) of multiple pools / frequencies. So that the key is to add more hysteresis into the CBR based carrier (re)selection procedure: 
· L3 filtering: Considering the CBR reported by lower layer is limited to the history environment of 100ms, which might be very time-varying, and thus may cause too-frequency carrier reselection, and thus is harmful for the listen-before-talk behaviour of mode-4 resource selection. It is benefit to use layer-3 filtered CBR. It is also of majority support during the Rel-14 discussion on CBR [7].
· A3-like threshold: Similar to the spirit of A3 event: In order for an effective control on unnecessary carrier reselection, one CBR offset can be used, i.e., only if there is one carrier of which the measured CBR is lower than the current carrier for an offset, the UE could switch the carrier.

· A2-like threshold: Similar to the spirit of A2 event, in order for an effective control on unnecessary carrier reselection, one CBR offset can be used, i.e., only if the CBR of the current carrier fall below the offset, carrier reselection can be triggered.

If using UE implementation based carrier selection, one cannot control on the UE implementation in terms of the frequency of carrier reselection. This would cause different UE behaviour in the system, and would cause unfairness to the UE implementation who try to avoid too-frequent carrier reselection, and thus to reduce interference fluctuation in the system.

Proposal 5 Carrier reselection is triggered if the filtered CBR of the reselected carrier is lower than the current carrier by a (pre-)configured offset.
Proposal 6 Carrier reselection is triggered if the filtered CBR of the current carrier is lower than a (pre-)configured threshold.

3 Conclusion
Based on the discussion in section 2 we have following observations:
Observation 1
TX capability limitation restricts the selection of specific resource but not the whole carrier.
Observation 2
PPPP value of buffered data should be taken into account when solving collisions due to TX capability limitation.
Observation 3
It is possible that UE cannot find available resource for a specific service and specific PPPP value within the latency requirement due to TX capability limitation.
Observation 4
Service-specific carrier mapping configured by upper layer and PPPP-specific carrier mapping configured by AS layer may collide with each other.


Based on the observations, we propose:
Proposal 1
TX capability limitation is checked after carrier selection based on service and PPPP value.
Proposal 2
Collision resolution for TX capability limitation is based on PPPP.
Proposal 3
UE implementation can decide to skip serving specific logical channel, if it fails to find available resource for the service and the associated PPPP value.
Proposal 4
RAN2 discuss how to solve the collision between upper layer service-carrier mapping and AS layer PPPP-carrier mapping.
Proposal 5
Carrier reselection is triggered if the filtered CBR of the reselected carrier is lower than the current carrier by a (pre-)configured offset.
Proposal 6
Carrier reselection is triggered if the filtered CBR of the current carrier is lower than a (pre-)configured threshold.
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