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1 Introduction

In RAN2#101bis, it was agreed that
Agreements
1: All Rel-14 and Rel-15 resource reselection triggers shall be considered as triggers for carrier reselection. FFS on the need to capture and how to capture condition h) in RAN2 spec.

2: UE shall adopt a scheme to avoid frequent channel switching when carrier reselection is triggered. A CBR threshold (i.e. hysteresis margin) as the new parameter in CBR-PPPP_Txconfig to configure the UE to stay at the same carrier as before if the measured CBR at the resource/carrier reselection is lower than the configured threshold.

3: No need of further consideration whether carrier reselection be triggered when semi-static parameters related to carrier selection is re-configured.

4: No new carrier selection trigger is needed for CR usage in SL carriers are changed due to service is start/stop or CA packet duplication is activated/deactivated.

5: No new carrier selection trigger is needed when congestion-control caused TX-Config degradation in current carrier is detected by the UE.

6: Carrier reselection can be triggered by limited UE TX capability concern. FFS on the need to capture and how to capture that condition in RAN2 spec based on RAN1 progress.

7: No new time-based trigger is introduced for the purpose of carrier reselection.

8: MAC entity triggers TX carrier reselection. FFS on how to capture in MAC.
In this contribution, we discuss the left issues of carrier selection for CA-based eV2x in mode-4.
2 Discussion
2.1 For CBR based carrier (re)selection

In RAN2#101bis, it was clarified that there would be two CBR thresholds

1: For the initial carrier (re)selection (not for the carrier keeping), there is a per PPPP per carrier CBR threshold (i.e. absolute CBR value).
2: For the carrier keeping, there is another per PPPP per carrier CBR threshold (i.e. absolute CBR value).

· For threshold-1, the impact is mainly on LCP, i.e., to decide whether a logical channel can be carried on the target carrier. E.g., in case that CBR is measured as CBR A, i.e., between the threshold-1 of PPPP_1 and PPPP_2, then data from logical channel of PPPP_2 cannot be carried on this carrier, and thus carrier reselection surely needs to be triggered anyway. 

· For threshold-2, the impact is for carrier reselection triggering, i.e., it would be triggered only if the CBR is above the threshold. However, there is an unclear aspect. E.g., in case that CBR is measured as CBR B, between threshold-2 of PPPP_1 and PPPP_2, it is not clear whether carrier reselection can be allowed. 

The key issue here is for threshold-1, carrier reselection is a must if PPPP_2 cannot be carried due to CBR > threshold-1, but it is optional for threshold-2 (i.e., it is not clear whether carrier reselection should be allowed if CBR > threshold-2), since PPPP_2 can still be carried. 
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Figure 1 Relationship between measured CBR and the two thresholds for carrier selection / keeping

Please note that one can never say a specific carrier re-selection is for a specific PPPP, since after carrier / resource reselection, the generated grant would still follow the CBR/PPPP table on the selected carrier to decide which logical channel / PPPP to carry.

Observation 1 Carrier selection is not PPPP-specific, and thus it is not clear when measured CBR is higher than the carrier-keeping threshold of some PPPP but lower than the others, whether carrier reselection can be triggered or not.
In general, there are several candidates, 1) either in this case, carrier reselection is not allowed, 2) or carrier reselection is allowed, 3) or no need to specify this case, so leave that to UE implementation.

Proposal 1 RAN2 decide whether carrier reselection can be triggered or not, for the case that measured CBR is higher than the carrier-keeping threshold of some PPPP but lower than the others.

A further issue for the two thresholds are the L3 filtering. Considering the CBR reported by lower layer is limited to the history environment of 100ms, which is 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 [6]
.
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Figure 2 The effect of L3-filtering of CBR for carrier selection/keeping threshold comparison

Proposal 2 The measured CBR is L3-filtered before used for carrier (re)selection / keeping threshold comparison.

2.2 For PPPP based carrier (re)selection

In RAN2#101bis, it was agreed that 

1: For the initial carrier (re)selection (not for the carrier keeping), there is a per PPPP per carrier CBR threshold (i.e. absolute CBR value).
Which means that for a specific PPPP, if the measured CBR is lower than the per-PPPP/carrier threshold, the target carrier can be selected to carry the data.

On the other hand, in RAN1#92bis, it was agreed to introduce the following parameter – which is a resource pool specific value

	Reduced PHY latency
	T2min_Set
	New
	The minimum T2 value allowed for mode-4 operation per PPPP
	10ms to 20ms, granularity up to RAN2
	Resource pool specific
	36.331


Which means for a specific latency requirement, if it is allowed by the T2min_Set, it can be carried by the resource pool, 

As agreed in Rel-14, captured in TS 24.386

5.2.4
Configuration parameters for V2X communication over PC5
The configuration parameters for V2X communication over PC5 consist of:
<TEXT REMOVED>
f)
PPPP to PDB mapping rules between the ProSe Per-Packet Priority (PPPP) and the Packet Delay Budget (PDB) for V2X communication over PC5;
<TEXT REMOVED>
6.1.2.2
Transmission

The UE shall include the V2X message in a protocol data unit and pass it to the lower layers for transmission along with the following parameters:
<TEXT REMOVED>
g)
if the UE is configured with PDB (Packet Delay Budget)-to-ProSe Per-Packet Priority mapping rules for V2X communication over PC5 as specified in subclause 5.2.4, the PDB associated with the ProSe Per-Packet Priority as specified in subclause 5.2.4.

which means that although there is no specified PDB requirement for each PPPP in specification, the mapping is explicitly indicated by V2X layer to AS layer internally for each UE.

Observation 2 There is a one-to-one mapping between PPPP and PDB defined in Rel-14 although not fixed in specification.
The problem is thus what if for a PPPP, the measured CBR is lower than the threshold, so that the carrier is selected, but later found that the T2min_Set prohibits the use of smaller T2 value, and thus the data is still not allowed on the carrier. Considering that T2 is not input factor for carrier selection, even though we have the carrier reselection trigger as follows

· if transmission(s) with the configured sidelink grant cannot fulfil the latency requirement of the data in a sidelink logical channel according to the associated PPPP, and the MAC entity selects not to perform transmission(s) corresponding to a single MAC PDU; or
The results of carrier re-selection may be still the same carrier (e.g., as a result of lowest CBR) for which the required T2 is not allowed.

Observation 3 Although there is already a trigger for latency-based carrier reselection, the selected carrier may always disallow short T2.

Proposal 3 RAN2 discuss the collision of PPPP-specific CBR based carrier selection and the T2min_Set.

2.3 For impact due to TX capability limitation
As shown in Figure 3, 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 fulfil the RF requirement due to, e.g., PSD imbalance

- For (a) and (b), if considering the UE is equipped with two Tx chains, 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 3 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 4 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.
Observation 5 TX capability limitation needs to be 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;

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

· Way-A: MAC layer to decide on it. 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 to decide on it. 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.

Observation 6 TX capability limitation can be solved by either MAC layer or PHY layer, where the difference is whether the colliding resource is included in S_B or not.

To decide on Way-A or Way-B, the key is whether PHY is capable to judge “what is the colliding resources” to be excluded from Set-B

· For the trigger of SL_RESOURCE_RESELECTION_COUNTER, considering PHY layer can get the timer length from MAC, PHY can know whether the previously reserved multi-shot resource is still valid or not, and thus can base on that to judge whether a resource will cause collision or not.

· It cannot be applied to other resource reselection cases (e.g., 1 second / sl-ReselectAfter empty transmission, critical latency, large SDU) without necessary input information from MAC layer. PHY cannot know whether the previously reserved multi-shot resource is still valid or not, and thus cannot base on that to judge whether a resource will cause collision or not.

· Or even one argue for the above case, all the information can be shared between PHY and MAC layer internally within UE, it does not work for initial cell selection. In case of initial cell selection, there is NO such “previously” reserved multi-shot resource, and if sensing is kicked off on multiple carriers, PHY can never know how MAC would select resource after set_B is reported, and the collision issue cannot be solved by PHY as a result.

Observation 7 Being unaware of carrier / resource reselection triggering condition, PHY layer cannot judge whether a resource is to be restricted by TX capability limitation, and thus cannot decide whether to include that resource in S_B or not. 

Therefore, within the two ways, way-A is preferred, i.e., collision resolution for TX capability limitation should be based on PPPP. 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.

Proposal 4 Collision resolution for TX capability limitation is solved at MAC layer.

Proposal 5 MAC layer takes into account of PPPP value of buffered data when solving collisions due to TX capability limitation.

3 Conclusion
Based on the discussion in section 2 we have following observations:
Observation 1
Carrier selection is not PPPP-specific, and thus it is not clear when measured CBR is higher than the carrier-keeping threshold of some PPPP but lower than the others, whether carrier reselection can be triggered or not.
Observation 2
There is a one-to-one mapping between PPPP and PDB defined in Rel-14 although not fixed in specification.
Observation 3
Although there is already a trigger for latency-based carrier reselection, the selected carrier may always disallow short T2.
Observation 4
TX capability limitation restricts the selection of specific resource but not the whole carrier.
Observation 5
TX capability limitation needs to be checked after carrier selection based on service and PPPP value.
Observation 6
TX capability limitation can be solved by either MAC layer or PHY layer, where the difference is whether the colliding resource is included in S_B or not.
Observation 7
Being unaware of carrier / resource reselection triggering condition, PHY layer cannot judge whether a resource is to be restricted by TX capability limitation, and thus cannot decide whether to include that resource in S_B or not.


Based on the observations, we propose:
Proposal 1
RAN2 decide whether carrier reselection can be triggered or not, for the case that measured CBR is higher than the carrier-keeping threshold of some PPPP but lower than the others.
Proposal 2
The measured CBR is L3-filtered before used for carrier (re)selection / keeping threshold comparison.
Proposal 3
RAN2 discuss the collision of PPPP-specific CBR based carrier selection and the T2min_Set.
Proposal 4
Collision resolution for TX capability limitation is solved at MAC layer.
Proposal 5
MAC layer takes into account of PPPP value of buffered data when solving collisions due to TX capability limitation.
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