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Introduction

During the RAN2 #101 meeting, a series of agreements had been made about carrier selection, so that a general carrier selection architecture had been set up.
	RAN2 #101

=> 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.

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

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

=> 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.

=> Email discussion:Need of additional carrier reselection triggering and any restriction (Qualcomm)


In this contribution, we will discuss the remaining issues of carrier selection, including the determination of the new parameter, as well as how to choose the final carriers among a candidate set of carriers. In addition, there are quite a few triggering conditions have been discussed in the corresponding email discussion. But some of the questions are still FFS, which will also be involved in this contribution.
Discussion

2.1 Introducing new parameter on top of Rel-14 table
As it is agreed in last meeting, a new Rel-15 parameter should be introduced on top of Rel-14 table. In our opinion, UE can configure a CBR threshold value, as the Rel-15 new parameter, with each PPPP for different carriers. Thereafter, the UE could determine whether the carrier should be used for transmission for V2X message of a specific PPPP based on the CBR threshold in the carrier selection procedure, i.e. only frequencies which have CBR value lower than CBR threshold associated with the PPPP could be selected as candidate frequency for transmission. UE could determine the candidate frequencies for each logical channel which is associated with a PPPP value. 

The CBR threshold for each PPPP can be configured in a very flexible way for the purpose of carrier selection. For example, the CBR threshold could be configured per frequency to allow that more candidate frequencies could be used for V2X message with higher priority, i.e. we can set the threshold value higher for packets with higher priority, as well as setting the threshold value lower for packets with lower priority . Also, the determination of threshold value could be up to network’s implementation. Moreover, based on this configuration, some particular carriers can be banned to be used for packets with particular PPPP .

An alternative approach is to indicate whether usage of a certain SL carrier is allowed or not for a certain combination of CBR/PPPP ranges. However, considering the simplicity and feasibility of these two approaches, using PPPP-CBR threshold is more easily to implement, as well as decreasing the signaling overhead, since the second approach needs to configure not only the CBR/PPPP range, but also adding one bit indication. Thus, RAN 2 should consider to introduce PPPP-CBR threshold as the new Rel-15 parameter into legacy PPPP-CBR-TxConfigureList table.
Proposal 1: RAN 2 should consider to introduce PPPP-CBR threshold as the new Rel-15 parameter into legacy PPPP-CBR-TxConfigureList table.
2.2 Avoidance of ping-pong reselection
As mentioned before, a PPPP-CBR threshold should be introduced on top of legacy CBR-PPPP-TxConfigureList table. However, problems are still existing if only considering PPPP-CBR threshold. As it is described in the following figure1. Suppose there is a group candidate carriers,f1,f2,f3,f4 with the same threshold value, which are all almost reaching the threshold value. At this time, each of these carriers would exceed the threshold value if it is chosen by one more UE as indicated in the figure. Suppose the CBR value for this chosen carrier is detected above threshold value, UE may decide to reselect other carriers. Since the CBR value of other carriers are also close to the CBR threshold, this reselection behavior may cause the other carrier to be congested. Then the constant carrier reselection will cause both ping-pong reselection.
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Figure 1 Ping-pong selection when considering PPPP-CBR threshold

Observation 1: Considering only PPPP-CBR threshold in carrier selection will cause problems like ping-pong reselection and over-frequent carrier reselection.

Thereafter, in order to avoid the above issues, a hysteresis could be configured along with PPPP-CBR threshold value so that once a UE selects on one particular carrier, it will not easily leave this carrier until the current CBR value for this carrier is higher than the hysteresis plus threshold value. In this way, the ping-pong reselection and over-frequent carrier reselection can be avoided.

Proposal 2: It is suggested to introduce a hysteresis value which could be configured along with PPPP-CBR threshold value, so as to avoid ping-pong reselection.
2.3  Triggering of semi-static reconfiguration

As it is discussed in the corresponding email discussion. It is mentioned that semi-static reconfiguration, like reconfiguration of the carrier selection table and the service-frequency mapping, should be as the triggering condition of carrier reselection.

From our opinion, we think it is reasonable since the change of service-frequency mapping may cause the change of candidate carrier set. Thus, once the trigger of carrier reselection is not on time, UE may not have chance to select available carriers from the candidate carrier set, which will cause the failure of transmission. 

On the other hand, once the carrier selection table is changed, which will cause the change of parameter like Tx power and CR-limit. This effect will direct cause impact on Tx usage, which will result on either current Tx usage is above or below Tx capability. When Tx usage is above current Tx capability, the carrier reselection should be triggered as it is agreed in email discussion. 

As a result, RAN2 should consider semi-static reconfiguration as the triggering condition of carrier reselection.

Proposal 3: RAN2 should consider semi static reconfiguration as the triggering condition of carrier reselection.

Other triggering condition
When a new service starts, a new logical channel should be setup correspondingly. Then, based on the carrier set and service mapping relationship, UE will check whether there is any available carrier within the carrier set can be used for this new service. If not, additional carriers should be chosen to transmit new service. In this case, carrier reselection is triggered since the carrier set is changed.
In addition, once packet duplication is activated, new logical channel also needs to be setup to transmit duplicated packets. As per last few meeting’s agreement, the carriers used for transmission of original and duplicated packets should be different. In this case, carrier reselection may be triggered to add new carriers for duplicated data transmission. 

Therefore, RAN 2 should consider whether the setup of new logical channel could be regarded as a necessary trigger for carrier reselection.

Proposal 4: RAN2 should consider whether the setup of new logical channel could be regarded as a necessary trigger for carrier reselection.
Select final carrier(s) among candidate carriers

In section 2.1, it is discussed that how to use PPPP-CBR threshold value in carrier selection. During online discussion, most companies proposed that when choosing the final carriers, the specific criteria should also be determined. Options have been provided online for down-scoping.

Option 1-1: UE chooses the final carriers based on lowest CBR value.

Option 1-2: UE chooses the final carriers based on highest CBR value.

Option 2: UE chooses the final carriers based on its implementation.

Since topics about carrier selection have been discussed a lot in the previous meetings. A common understanding is that carrier load balance and avoidance of over-frequent carrier selection should be considered during the whole procedure of carrier selection. Thus, by jointly considering these two issues, option 1-1 seems like a most reasonable solution. The detailed procedures are described in the following figure 2, f1,f2,f3,f4, which are ordered based on lowest CBR value. As every time UE starts to choose carriers, it will choose carriers with lowest CBR values. In T1, the f1,f2 are chosen. And in T2, f4,f1 are chosen. Thus, after its choosing, the CBR values of chosen carriers tend to be increased. Then the CBR values of other non-chosen carriers might be relative lower, which might be chosen next time with a high probability. Thus, for carrier selection, every time different carriers might be chosen as final carrier(s), which is a usage divergence, so that can greatly avoid usage imbalance. Moreover, since every time different carriers might be chosen, for this brunch of carriers, it is hard to get to the CBR threshold value on one particular carrier, thus, carrier reselection is not such easy to be triggered, which can avoid from over-frequent carrier selection.
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Figure 2 Choose carriers based on Lowest CBR value

Proposal 5: It is suggested to choose the final carriers abased on lowest CBR value.
Conclusion

In this contribution, we have discussed the remaining issues of carrier selection, including the determination of the new parameter, triggering conditions of carrier selection/reselection, as well as how to choose the final carriers among a candidate set of carriers. The following observations and proposals have came out.
Proposal 1: RAN 2 should consider to introduce PPPP-CBR threshold as the new Rel-15 parameter into legacy PPPP-CBR-TxConfigureList table.
Observation 1: Considering only PPPP-CBR threshold in carrier selection will cause problems like ping-pong reselection and over-frequent carrier reselection.

Proposal 2: It is suggested to introduce a hysteresis value which could be configured along with PPPP-CBR threshold value, so as to avoid ping-pong reselection.

Proposal 3: RAN2 should consider semi static reconfiguration as the triggering condition of carrier reselection.
Proposal 4: RAN2 should consider whether the setup of new logical channel could be regarded as a necessary trigger for carrier reselection.

Proposal 5: It is suggested to choose the final carriers abased on lowest CBR value.
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