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1 Introduction

This document is a summary of the email discussion: [100#75][LTE/eV2x] Additional carrier reselection triggering. 
[101#75][LTE/V2X] Additional carrier reselection triggering (Qualcomm)


Need of additional carrier reselection triggering and any restriction (Qualcomm)


Output: Report to next meeting

Deadline:  Thursday 2018-03-29

This email discussion mainly aims to collect companies’ perspectives and preferences on what additional triggers for carrier reselection shall be considered, or if any restriction can be applied to those triggering conditions.

2 Discussion

For TX carrier selection, RAN2#101 has reached the following agreements [1]:

	Agreements:
· 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.


Also, in RAN1 #91 meeting, RAN1 confirmed the following working assumption related to the trigger of Tx carrier selection [2]:

	Working assumption:
· From RAN1 perspective, once a carrier is selected, the same carrier is used for all MAC PDUs of the same sidelink process at least until resource reselection is triggered for that same sidelink process based on Rel-14 triggering conditions. 

Note that the UE is not precluded to switch transmission chains between component carriers for different sidelink processes



Based on the above, we can see at least carrier reselection MAY be triggered when resource reselection is triggered, from the perspective of RAN1. When carrier reselection is triggered, it is performed in MAC layer, based on the (pre)configuration of CBR-PPPP-TxConfigList, plus the “new Rel-15 parameters” for carrier selection.

It is also worth noting that it is only “from RAN1 perspective”, “the same carrier is used for all MAC PDUs of the same sidelink process at least until resource reselection is triggered…”. RAN2 may have reasons to define additional triggering conditions for carrier (re)selection, other than resource reselection. 
Therefore, the discussion is organized in two parts. In the first part, we discuss the relationship between resource reselection and carrier reselection, discussing whether each of the resource reselection triggers defined Rel-14 shall lead to carrier reselection, and if any restriction shall be applied to limit the triggering of carrier selection. For example, some company [5] raise the concern that it is not desirable “If a UE changes its selected carrier whenever the reselection is triggered”.

In the second part of the email discussion, RAN2 discuss if any triggering conditions other than the resource reselection trigger(s), can be added from RAN2 perspective, e.g., configuration changes, service changes, congestion-related issue, or time-based trigger, etc. 

2.1 Resource reselection and carrier reselection
Based on Rel-14 MAC specification for V2X sidelink communication [3], the resource reselection for the case of “transmissions of multiple MAC PDUs” can be triggered in the following “seven” conditions. 

	< text omitted>

….

-   if SL_RESOURCE_RESELECTION_COUNTER = 0 and when SL_RESOURCE_RESELECTION_COUNTER was equal to 1 the MAC entity randomly selected, with equal probability, a value in the interval [0, 1] which is above the probability configured by upper layers in probResourceKeep; or

-
if neither transmission nor retransmission has been performed by the MAC entity on any resource indicated in the configured sidelink grant during the last second; or

-
if sl-ReselectAfter is configured and the number of consecutive unused transmission opportunities on resources indicated in the configured sidelink grant is equal to sl-ReselectAfter; or

-
if there is no configured sidelink grant; or

-
if the configured sidelink grant cannot accommodate a RLC SDU by using the maximum allowed MCS configured by upper layers in maxMCS-PSSCH and the MAC entity selects not to segment the RLC SDU

-  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

-  if a pool of resources is configured or reconfigured by upper layers:<text omitted>


*NOTE(s) in the original text in subclause 5.14.1.1 [3] are not cited.
In RAN1#92 [4], RAN1 has agreed that: 

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

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

In this case, RAN1 agrees that the UE shall use the following option:

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
The above RAN1 agreement justifies another trigger of resource reselection in MAC layer for Rel-15 UE: UE cannot fulfill the RF requirement due to, e.g., PSD imbalance.

As shown above, the reasons to trigger resource reselection are very diverse. Maybe not all of them needs to result into a carrier reselection. RAN2 need first determine which of those triggers are proper carrier reselection triggers.

Given the considerations above, we like to solicit company’s view on the following question:

Question 1: Which of the following resource reselection triggers shall be also considered as triggers for carrier reselection? Please use a) to h) to indicate your answers
a)
if SL_RESOURCE_RESELECTION_COUNTER = 0 and when SL_RESOURCE_RESELECTION_COUNTER was equal to 1 the MAC entity randomly selected, with equal probability, a value in the interval [0, 1] which is above the probability configured by upper layers in probResourceKeep

· Legacy condition

b)
if neither transmission nor retransmission has been performed by the MAC entity on any resource indicated in the configured sidelink grant during the last second

· Legacy condition

c)
if sl-ReselectAfter is configured and the number of consecutive unused transmission opportunities on resources indicated in the configured sidelink grant is equal to sl-ReselectAfter

· Legacy condition

d)
if there is no configured sidelink grant

· Legacy condition

e)
if the configured sidelink grant cannot accommodate a RLC SDU by using the maximum allowed MCS configured by upper layers in maxMCS-PSSCH and the MAC entity selects not to segment the RLC SDU

· Legacy condition

f)
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

· Legacy condition

g)
if a pool of resources is configured or reconfigured by upper layers

· Legacy condition

h)
if a UE cannot support transmission(s) over carrier(s) in a subframe due to not able to fulfill the RF requirement due to, e.g., PSD imbalance
	Company
	Preferred option
	Comments if any

	OPPO
	All are OK, with further comments on d) and h)
	For d), rigorously it is not for RE-selection, but is more for initial selection when there is no existing available resource grant. For example, when a new service or a new PPPP value for an existing service arrives, this trigger can be used for grant generation after initial carrier and resource selection.

For h), if see it as a resource / carrier reselection trigger, we wonder whether it means that: at some time point, after the resource / carrier selection decision, PHY layer do the real-transmission, and afterwards PHY layer realizes the PSD imbalance problem, so after the current subframe, a resource / carrier reselection is triggered? If yes, we do not think that PHY layer needs to decide on PSD imbalance issue after real-transmission. In other words, the so-called “re-do” operation is “within the given reported candidate resource set” of the current subframe, and thus the carrier / resource reselection is a kind of internal iteration before real-transmission, and thus different from the other factors which triggers re-selection after real-transmission. 

For others, agree that they as legacy resource reselection trigger can be used as carrier re-selection triggers as well.

	Nokia
	all (i.e. a-h)
	Carrier reselection can be integrated with resource reselection so all the existing resource reselection triggers can be considered as carrier reselection trigger. However, when carrier reselection is triggered, it doesn’t mean another/new carrier must be selected. Carrier reselection may still lead to re-selecting the same carrier as the one used before the carrier reselection is triggered.

	Intel
	All (see further comment on (h))
	In our view, the main issue with not considering all the triggers for carrier reselection (as listed above) is the added complexity/latency associated with switching to a different carrier. At the same time, if the UE performs resource reselection but not carrier reselection and later is not able to find suitable resources on that carrier, it may have to perform carrier reselection anyway. At the same time, as long as we have some CBR threshold that the existing carrier fulfils (Question 2, 3), the UE may not be mandated to switch to a different carrier, so the cost of triggering carrier reselection is not crippling. So, we think that all except h) should be applicable. For h), it is not clear if switching to a different carrier can necessarily solve the PSD issue and if so, the UE needs to consider that when selecting a new carrier? This may warrant further discussion and input from RAN1.

	CATT
	e),f)
	To avoid frequent carrier switching to affect sensing, UE should not trigger carrier reselection whenever resource reselection is triggered. The normal cases for resource reselection which are triggered to avoid UE always use the same resources should not trigger carrier reselection. 

	Huawei
	a)-g) 

(which are existing resource reselection triggers)
	We'd like to follow RAN1's progress and think the carrier reselection is only triggered by resource reselection. So we think all triggers for resource reselection as in a)-g) apply.

Also agree with Nokia, resource reselection is just used to trigger carrier reselection; it does not mean UE will switch the selected carrier(s) every time. 

In our understanding, when the carrier selection is triggered, whether the UE needs to add/decrease/switch carrier(s) can be up to UE implementation (e.g based on Tx capability or the CBR situation on the already selected carriers). If UE do decides to change selected carrier(s), it selects new carrier(s) based on CBR and PPPP.
For h), we're not sure whether it should be specified in RAN2 spec. Shouldn't it be a RAN4 issue, instead of being decided by RAN2?

	Ericsson
	a)-g)
	a)-g) are legacy triggering conditions, and there seems to be no reason to exclude some of the them.

Regarding option h), MAC model should remain agnostic with respect to any RF capability issues or power limitation problems at layer 1. At the same time, the RAN1 agreements does not explicitly indicate what is the role of MAC in this procedure. Maybe further inputs from RAN1/4 would be needed on this.

We also believe that RAN2 should evaluate whether some of the above triggering conditions should happen at HARQ entity level or MAC entity level. In legacy the above triggering conditions are executed for resource reselection within a carrier, i.e. on a carrier/HARQ entity level in the Rel.15 MAC modelling. However, when multiple carriers are available, also the MAC entity should be involved. i.e. a different number of carriers should be selected depending on amount of data to transmit. 

See question 9 for detail question on this issue.

	ITRI
	Yes for all.

Further comment for a,f,d
	Option a) if SL_RESOURCE_RESELECTION_COUNTER is zero we need to trigger additional CA to fulfill the UE latency requirements 

Option f) and and option d) are suitable if trigger initiated by UE

	Qualcomm
	All: a)-h)
	All resource reselection conditions can be used to trigger carrier reselection, which makes MAC layer simple. For h), my understanding is that the TX-capability issue appears when selecting a resource which shares or adjacent to the same subframe used in other carriers. Triggering resource reselection only in the current carrier may solve or may not solve the issue, which is no different from condition e) and f). If we allow e) and f) to do carrier reselection, I do not see why h) has to be kept as an exception. Anyway, with answers to Q2 and Q3, the carrier reselection may or may not end up using a new carrier. So, it is not a big deal to allow this trigger of carrier reselection. 

For OPPO’s concern, I think the “within the given reported candidate resource set” is always limited by Tx capabilities issues caused by selecting the current carrier. If the UE choose a new carrier with low CBR, it will then have a larger set of “candidate resource set”, which makes it easier to select a good candidate to avoid the issue.

If companies have different understandings of the RAN1 agreement, it is also fine to send an LS to RAN1 to seek clarification.



	ZTE
	All of a) - h)
	As for the triggers for resource selection, UE may further determine whether carrier reselection is triggered according to the current CBR measurement result of the selected carriers after resource reselection is triggered. Moreover, if a pool of resources is configured or reconfigured by upper layers (trigger g) of resource selection), carrier reselection shall triggered if selected frequency by UE is not configured anymore.

	Lenovo
	a)-h)
	Agree with Nokia

	Samsung
	a)-g)
	We agree that the legacy resource reselection trigger conditions can be used for triggering carrier reselection since resource can include carrier in a broad sense.

We are not sure about h) how it can be a trigger condition for carrier reselection. It seems to be considered before carrier selection.

	LG
	All a) to h)
	We have same view that all resource reselection conditions can be considered conditions of carrier resource reselection.

However, we wonder that case h) needs to be considered in RAN2, instead we needs to check RAN1’s progress of carrier reselection.


Answer 1: a) to h): 8 companies
Answer 2: a) to g): 3 companies

Answer 3: e) and f): 1 company
Rapporteur Comments: all the companies except one participating in this email discussion select legacy options a) to g) as eligible carrier reselection triggers. The majority of companies also think option h) is to be supported. So RAN2 is suggested to agree on that all options a) to h) to be used as carrier reselection triggers. 

Proposal 1 All Rel-14 and Rel-15 resource reselection triggers shall be considered as triggers for carrier reselection.

Assume the answer for the Question 1 will not be an empty set, it has been argued in [5] that the frequent carrier switching operation needs to be avoided. Regarding this, companies are asked to give the answers to the following question.

Question 2: if carrier reselection is allowed to be triggered as well as resource reselection, shall a scheme to be used by the UE to avoid frequent channel switching?   
a) Yes;

b) No;

	Company
	Preferred option
	Comments if any

	OPPO
	Yes
	Since CBR has already been agreed as an input factor for carrier reselection, and the current definition of CBR as follows:

the portion of sub-channels in the resource pool whose S-RSSI measured by the UE exceed a (pre-)configured threshold sensed over subframes [n-100, n-1];
I.e., there is not any hysteresis effect for the CBR factor, it may cause too-frequent carrier reselection / change, and thus collides with the premise of listen-before-talk MAC behaviour for mode-4, i.e., the stability of interference environment may be destroyed by the too-frequency carrier hopping.

	Nokia
	Yes
	As commented above, carrier reselection trigger doesn’t mean a new carrier should be reselected. The same carrier as used before is preferred to be re-selected.

	Intel
	Yes
	Depending on how the additional parameter for carrier selection for Rel-15 needs to be defined, an additional scheme may not be necessary. If we have CBR threshold(s) defined for when the UE has to necessarily switch carriers, the UE may not perform such frequent carrier switching. Otherwise, some additional scheme might be needed.

	CATT
	Yes 
	It is necessary to configure a offset threshold like HO. Unlike Uu interface which is strictly controlled by network, V2X UE has rigorous delay requirement. If carrier re-selection is too frequent, UE may not be able to fulfill the delay requirement. So there shall be a mechanism to prevent UE from too frequent carrier re-selection. 

	Huawei
	Yes
	As our replies in Q1, even if the resource reselection is triggered frequently, it does not mean UE will switch the selected carrier(s) every time. We think whether the UE needs to add/decrease/reselect carrier(s) can be well tackled by UE implementation, i.e., too frequent carrier switching can be avoided by the UE itself (e.g. based on its actual Tx capability).

	Ericsson
	Yes
	For the stability of the system, it is important to avoid frequent carrier reselection and ping-pong effects, due to e.g. occasional congestion variation or new packets (with certain priorities) to transmit.

	ITRI
	Yes
	If the current selected CBR value of pools on all allowed carriers can satisfy latency of UE, then UE can avoid carrier reselection.

	Qualcomm
	Yes
	Frequent carrier switching needs to be avoided 

	ZTE
	Yes
	In our view, frequent channel switching shall be avoided since CBR is considered as a factor of carrier selection/reselction. 

	Lenovo
	Yes
	

	Samsung
	Yes
	There needs to avoid unnecessary and inefficient channel switching. Since channel switching may cause delay to align RF, frequent channel switching can interrupt to the service.

	LG
	Yes
	We also think that frequent carrier switching should be avoided. There is an overhead to switch Tx chain for tuning on the switching carrier. Also, if many proximity UEs switch on a carrier around the same time, the CBR level may be increased on that carrier.


Option a): 12
Option b): 0

Rapporteur Comments: All companies agreed with option a).
Proposal 2 UE shall adopt a scheme to avoid frequent channel switching when carrier reselection is triggered.

Question 3: if the answer to Q2 is yes, what is the preferred scheme to help UE avoid frequent channel switching?

a) Use CBR-offset threshold; only if the CBR level of the current carrier at the resource reselection becomes worse than the CBR level at the last resource reselection time by a level greater than the threshold [5];

b) Left to UE implementation

c) Other, please specify the details;
d) A CBR threshold (i.e. hysteresis margin) as the new parameter in CBR-PPPP_Txconfig to configure the UE to select the same carrier as before if the measured CBR at the resource/carrier reselection is lower than the configured threshold.

e) Hysteresis; if the measured CBR is lower than the threshold, UE shall not perform carrier re-selection until the configured Hysteresis expires. 
	Company
	Preferred option
	Comments if any

	OPPO
	a) with comments
	As answered for Question 2, the key point is to add some hysteresis into the CBR-based carrier selection procedure. Those legacy solutions used for Uu interface can be considered here, not only the offset mentioned in a), but also L3-filtering and TTT-like hysteresis in time domain (which has been discussed in Rel-14 (R2-1701246, [96#63][LTE/V2X] –CBR).

	Nokia
	d)
	CRB offset threshold as discussed in a) may trigger the carrier switch unnecessarily if e.g. CBR level at last resource reselection is very low and plus the CRB-offset-threshold, the current CBR level is still low so that the same carrier can be re-selected.

	Intel
	d)
	As in our view expressed above and from Nokia’s comment, some hysteresis can be provided by configuring additional CBR threshold which restricts UE to not switch to a different carrier if the measured CBR is below the threshold.

	CATT
	a) e) And d)
	We think both a and d are necessary. For a, a handover likely CBR offset to prevent pingpong carrier re-selection is necessary; and d is also necessary as additional CBR threshold which restricts UE to not switch to a different carrier if the measured CBR is below the threshold. For We think hysteresis is necessary, it prevents UE from frequent carrier re-selection even in CBR-offset threshold condition fulfills.

	Huawei
	b)
	A Tx UE may also decide to add or decrease carrier(s) in addition to carrier switching, when a carrier selection is triggered. In order to give a unified mechanism with sufficient flexibility, it is preferable to leave this issue to UE implementation. 
A demo procedure is shown as follows:

· If any of the sidelink process triggers a resource (re)selection (i.e. a)~g) mentioned in Q1), or the RRC configuration for carrier selection has been changed (i.e. reconfiguration):

· If UE determines select one or more carriers from the candidate carriers set for a logical channel with available data;

Note: Whether the UE determines to select one or more carriers is up to UE implementation (e.g. based on the Tx capability, or the current CBR(s) of the selected carriers).
· The UE selects one or more carriers from the candidate carriers set based on the CBR-PPPP-TxConfigList and the “new Rel-15 parameters”.

	Ericsson
	d)
	We agree with Nokia/Intel comments. The drawback of option a) is that it does not consider how low/high was the CBR value of the last resource selection. If the value of the last resource selection was very low, the UE may unnecessarily triggers carrier reselection, while if the CBR value was already high, performances may degrade too much.

So an absolute threshold is needed in our understanding, as proposed in option d). Such threshold configuration should look like an hysteresis margin that compensates occasional CBR variations, (similar to the HO case).

	ITRI
	a)
	 Allow UE to trigger CBR-offset threshold level change, the level change will be decided by upper layers

	Qualcomm
	a) and d) 
	Agree with OPPO and CATT

	ZTE
	d)
	Agree with Nokia/Intel/Ericsson. 

	Lenovo
	b)
	Agree with Huawei

	Samsung
	d)
	We agree that CBR-based hysteresis applied in the current carrier can avoid frequent carrier switching.

	LG
	a) and d)
	We think there are some tradeoff between a) and d). a) can provide flexibility in operation to network/operator but d) is more simple and less signalling overhead. However, Both methods can achieve the purpose to prevent frequent carrier switching. We think both a) and d) seems to be fine.


Option a): 5 companies
Option b): 2 companies

Option d): 8 companies

Option e): 1 company
Rapporteur Comments: The majority of companies prefer to have a scheme based on CBR with some sort of threshold or offset. RAN2 is to further discuss how to down select based on Option a) and d). 
Proposal 3 UE shall adopt a CBR-based scheme to avoid switching carriers frequently.

Proposal 4 RAN2 to further discuss to select one or both the schemes shown below:

Option 1) 
Use CBR-offset threshold; only if the CBR level of the current carrier at the resource reselection becomes worse than the CBR level at the last resource reselection time by a level greater than the threshold
Option 2) 
A CBR threshold (i.e. hysteresis margin) as the new parameter in CBR-PPPP_Txconfig to configure the UE to select the same carrier as before if the measured CBR at the resource/carrier reselection is lower than the configured threshold .

2.2 Additional carrier reselection triggers

From RAN2 perspective, it is possible that certain factors other than the radio resource selection trigger(s) may cause a need to reselect the carrier. Logically, according to existing RAN2 agreements, the TX carrier selection is determined with the following factors:

·  Service to frequency mapping configuration 

·  Rel-15 configuration table based on Rel-14 CBR-PPPP-TXConfigList table with additional parameters for Rel-15 TX carrier selection

·  PPPP

·  CBR of each sidelink carrier

·  CR usage of each sidelink carrier

·  UE capability

Any changes of the above parameters might be used to justify a reconsideration of carrier candidates and might lead to a different TX carrier selection result. Among the RAN2#101 contributions relate to this issue, [8] pointed out that when carrier selection is done in MAC layer, the carrier usage is fast-changing and may result into more frequent reselection and switching. [10] suggests to only use the resource reselection to trigger carrier reselection. Some company, however, argue that configuration change could be a trigger for reselection [7]. There exists some concern that carrier selection needs to consider the dynamic changes of service which are currently active in a UE to take limited UE capability into account [6]. It is also argued that PPPR shall be consider in carrier selection at least for PDCP packet duplication cases [9]. 

Given the above understanding, let us discuss the need of additional triggers for carrier reselection case by case.  

First, the upper layer or RRC layer configurations related to TX carrier selection may change, which includes the following:

1)  The carrier selection table (based on Rel-14 CBR-PPPP-TxConfigList with additional parameters for Rel-15 Tx carrier selection) maybe re-configured in RRC layer (e.g., by eNB).

2)  The mapping between a service and its corresponding frequencies may be reconfigured in V2X layer

Usually, those parameters are semi-static configurations and not going to change frequently. But there is a chance that those parameters could be reconfigured differently. Also, the parameter changes may happen at a time which is not in sync with the resource reselection is triggered. On the other hand, it can also be argued that this change may be only considered until the next time when resource reselection is triggered so there is no need of a new trigger. Therefore, if supporting the view that a new trigger is needed for this case, company can answer “yes” to the following question. Otherwise, you can answer “no”.

Question 4: Shall carrier reselection be triggered when semi-static parameters related to carrier selection is re-configured?

a) Yes;

b) No;

c) Other, please specify;

	Company
	Preferred option
	Comments if any

	OPPO
	b)
	We tend to agree that rigorously the change of semi-static parameter should be taken into account. On the other hand, the service-carrier mapping change seems to be a rare case, while the CBR-PPPP-TxConfigList change seems an existing case in Rel-14. If companies do believe the change of CBR-PPPP-TxConfigList is a missing case to be covered, can we solve this issue is by relying on the following existing trigger:

- if a pool of resources is configured or reconfigured by upper layers

	Nokia
	a)
	No strong view regarding a) and b). As resource reselection is triggered when resource pool is reconfigured, we think similar RRC reconfiguration in case 1) above should be applied too. And these can also be introduced as the new triggers of resource reselection.

	Intel
	b)
	We agree with OPPO that such configuration changes should be rare enough to be handled by the resource/carrier reselection procedure. The UE can simply check and apply the configuration at the time when carrier reselection is triggered from section 2.1

	CATT
	a)
	We think if the configuration changes, it may result different carrier selection result. So in this circumstance, UE should trigger carrier re-selection. if the re-configuration changes, when UE performs carrier re-selection, UE may re-select any carrier which may be the same carrier as the previous one. 

	Huawei
	a)
	We think the change of RRC configuration may also be considered as a trigger for Tx carrier selection (e.g. change of SL-V2X-ConfigDedicated or cbr-CommonTxConfigList).

	Ericsson
	b)
	Reconfiguration procedures should be transparent to MAC layer. Therefore, we do not think that reconfiguration should have any specification impact on MAC carrier selection. 

The reconfiguration happens at higher layers (RRC), while carrier selection happens in MAC. Once the UE has reconfigured CBR-PPPP mapping or the service/frequency mapping, the MAC layer simply applies the new configuration. No need trigger carrier selection because of that.

	ITRI
	a)
	For option a) and b), no strong view. When semi-static parameters are reconfigured, the selected carrier will be changed accordingly.

	Qualcomm
	a)
	Agreed with Nokia and Huawei. RRC configuration may also change the allowed Freq list to be used, so it is not proper for a UE to continue sending messages in an ineligible carrier.

	ZTE
	a) 
	When the carrier selection table and the service-frequency mapping are re-configured, the selected carrier may be not be allowed to be used for transmission anymore. In this situation, carrier reselection shall be performed. 

	Lenovo
	b)
	We agree with OPPO that the different frequency reconfiguration is rare case, and do not need to design an additional trigger for this rare case.

	Samsung
	b)
	We also agree with OPPO, Intel and Ericsson that UE can apply the changed configuration when carrier reselection is triggered according to the condition(s) of 2.1.

	LG
	b)
	We think that if the mapping is changed, Tx config would be changed as well. While a UE moves to another region (i.e. country, continent), a configuration mapping may be changed but it is very rare case which we needs to consider that situation.


Option a): Yes: 6 companies
Option b): No: 6 companies

Rapporteur Comments: The view of the companies are evenly divided. There is no conclusion can be drawn based on email discussion. So, RAN2 need to further discuss.. 
Proposal 5 RAN2 to further discuss whether carrier reselection be triggered when semi-static parameters related to carrier selection is re-configured.
Second, the V2X services can be started/stopped by the applications layers of the UE. Also, the UE may invoke PDCP packet duplication for a certain V2X service. Those dynamics will change the traffic load and radio resource usage in certain carriers. The CR usage could be re-evaluated whenever a service or a duplicated packet flow using the same carrier is started/enabled or stopped/disabled by the UE. As a result, the UE’s decision about which carrier is to be used may be different if carrier reselection is triggered by these events. This may happen before the UE needs to be triggered for resource reselection. Or, this may be taken account later altogether when the resource selection is triggered. Similar to the question above, if supporting the view that a new trigger is needed for this case, company can answer “yes” to the following question. Otherwise, you can answer “no”.

Question 5: Shall carrier reselection be triggered when CR usage in SL carriers are changed due to service is start/stop or CA packet duplication is activated/deactivated?

a) Yes;

b) No;

c) Other, please specify;

	Company
	Preferred option
	Comments if any

	OPPO
	No
	We understand the problem is for multi-shot grant, i.e., after the resource reservation of the first shot, the data volume changes (e.g., due to service start / stop or duplication start / stop), but CBR is still kept unchanged (since that is to be covered by Question 6 below)? 

If yes, we agree this aspect should be considered – besides the change of service / duplication, but also the start / stop of data flow with a specific PPPP value (within the same service, no matter duplication is (de)activated or not), and please note that the start / stop of service / PPPP may happen in Rel-14 as well. We assume the critical question is what if the CR limit is lower than the increased data volume due to newly arrived service / PPPP or duplication activation. While if the CR limit is higher, there should be of less concern.

- For the newly arrived service / PPPP, if they can reuse the existing multi-shot grant on the selected carrier, but just that the existing grant is too small to carry the data volume, we can rely on

if the configured sidelink grant cannot accommodate a RLC SDU by using the maximum allowed MCS configured by upper layers in maxMCS-PSSCH and the MAC entity selects not to segment the RLC SDU
Or if there cannot reuse the existing multi-shot grant since they are to map to a different carrier, Or if duplication is activated, and the duplicated logical channel is to map to a different carrier, then we can rely on 

if there is no configured sidelink grant
So in short, the legacy triggers for resource selection can be used to cover the carrier reselection addressed in this question.

	Nokia
	b)
	New service start in application layer or CA packet duplication should be seen as traffic change in relevant carrier by AS layer, which may trigger the resource reselection according to e) or f) triggers. No additional trigger should be specified for this.

	Intel
	a)
	At least for the case when duplication is enabled or disabled, the UE needs to perform carrier reselection to either add or remove a particular carrier. Specifically, when duplication is disabled, the UE needs to stop transmitting on the duplicated carrier and (potentially) reselect to a new carrier. While it may be argued that the resource reselection triggers might be sufficient for this purposed, we think it should at least be considered separately in RAN2.

	CATT
	b)
	I think this triggering condition is covered by the factors that we agreed. If service is start/stop or CA packet duplication is activated/deactivated, this may cause CBR changes, so UE shall trigger carrier re-selection based on CBR evaluation. 

	Huawei
	b)
	The current a) ~ g) are enough to trigger resource (re)selection to update the configured grant and fit the new transmission requirement, when the UE decides to transmit the new packet on the current selected carrier(s).

And we also think a) ~ g) are enough to provide a timely triggering to enable the UE to reselect/switch to another carriers, such as condition e) or f) that are mentioned by Nokia.

As our reply for Q3, how to make the determination on whether to select one or more carrier (after carrier selection is triggered) is up to UE implementation.

	Ericsson
	b)
	We agree with previous comments that the existing triggering conditions already allows to trigger resource reselection and hence carrier reselection.

Of course, when doing carrier reselection, the UE may select a larger number of carriers to accommodate the increased data volume, or a less number of carriers in case of decreased data volume.

With respect to packet duplication, it was agreed that different carriers, i.e. different HARQ entities should be used for the duplicates. So by definition a separate carrier will be used for that which may imply carrier reselection triggering.

For example, if the UE is currently using only one carrier (i.e. one HARQ entity), and packet duplication is enabled, obviously an additional carrier should be added by the MAC entity.

	ITRI
	a)
	If the service is stop/start, we need to use CR to reselect SL carrier

	Qualcomm
	a)
	In Rel-14, CBR-PPPP-TxConfigList is a table used for every transmission, so any change of the sensitive parameter (CBR, PPPP, cr) will be immediately effective in the next transmission. Now, a similar table is used to determine a rather semi-stable carrier choice, which means the result tends to be stable for a relatively long period of time. Logically, this means the carrier selection results is not sensitive to the minor parameter (CBR, PPPP, cr) changes, as answers to Q2 and Q3 helps to do that. However, if a UE is aware of some significant change of those parameters, why it is so prohibitive for a UE to re-run the algorithm? For example, when packet duplication is disabled by the UE, that carrier will be vacant by the UE, the UE could check if the V2X traffic can be moved to t this vacant carrier, instead of waiting for something bad happens first in the current carrier. 

Also, the change of service and packet duplication is not frequently happened, so there is no harm to add this trigger.

	ZTE
	b)
	The CR usage may not be able to reflect the start/stop of V2X service or activation/deactivation of packet duplication in some situations. 

	Lenovo
	b)
	We think current a)-h) can cover this case, and no additional trigger is needed

	Samsung
	b)
	We also agree with that the trigger conditions in 2.1 can cover this case.

	LG
	b)
	We think above case a) to h) seems to cover the triggering conditions. Therefore, additional triggering conditions are not necessary.


Option a): Yes: 3 companies
Option b): No: 9 companies

Rapporteur Comments: The majority view of the companies is to not include this as an additional trigger and prefer to reuse one of the triggers defined in section 2.1 to cover this case.
Proposal 6 No new carrier selection triggers is needed for CR usage in SL carriers are changed due to service is start/stop or CA packet duplication is activated/deactivated
According to the congestion control mechanism defined for Rel-14, each packet transmission will go through the CBR-PPPP-TxConfigList table to determine what is the proper TX-Config can be used for this transmission. CBR measurement for each sidelink carrier may change dynamically after a TX carrier is chosen, e.g., due to the activities of other UEs. Also, the CR usage of the UE in a carrier will be affected if a UE starts a new service in the same carrier. Therefore, even before resource reselection can be triggered, each transmission in the same sidelink process may subject to various TX configurations, e.g., using a reduced TX power, or using less number of subchannels, etc. Such downgrade of TX-config choice can be observed by the UE, and the UE may like to switch to another carrier to avoid using less favourable TX-config. So, degraded TX configuration caused by congestion control scheme may be a reason to switch TX carrier.

Given the considerations above, similar to the options of the above questions, we like to solicit company’s view on the following question:

Question 6: Shall carrier reselection be triggered when congestion-control caused TX-Config degradation in current carrier is detected by the UE?

a) Yes;

b) No;

c) Other, please specify;

	Company
	Preferred option
	Comments if any

	OPPO
	a)
	We understand this question is for the case that L1 parameter setting is changed due to CBR fluctuation. 

If yes, we are bit neutral on this:

- On the one hand, in the legacy system, HARQ re-transmission number, MCS and Tx power can be adjusted per transmission, so it is only the number of sub-channel that is to be kept throughout the multi-shot grant. Therefore, if the resulted L1 parameter setting change cause that CR usage exceeds the limit, one can only drop the transmission, and thus rely on the following triggers for resource reselection: 

-
if neither transmission nor retransmission has been performed by the MAC entity on any resource indicated in the configured sidelink grant during the last second; or

-
if sl-ReselectAfter is configured and the number of consecutive unused transmission opportunities on resources indicated in the configured sidelink grant is equal to sl-ReselectAfter; or
- On the other hand, the legacy Rel-14 way is feasible but not optimized since the resource usage can only be adjusted after 1 second or sl-ReselectAfter transmission occasions. It may bring some benefit to further optimize this case in Rel-15. 

	Nokia
	b)
	Again, e) trigger of resource reselection should be able to do the same job.

	Intel
	b)
	The triggers mentioned in Section 2 should be sufficient for this purpose, so additional enhancements might not be necessary.

	CATT
	b)
	Different UEs have different Tx capability. It is essential to align all UE behaviors. if Tx capability is considered, UE with same CBR-PPPP may select different carrier, which may lead to selection of a inproper carrier. 

	Huawei
	b)
	As our replies to Question 3. 

	Ericsson
	b)
	It is not clear the benefit of this additional triggering condition with respect to the existing triggering condition and the additional CBR thresholds (e.g. hysteresis margin) described in question 3.

	ITRI
	a)
	Tx-Config should be used in carrier reselection triggering process

	Qualcomm
	a)
	Significant CBR change may happen before the UE is triggered to do resource reselection. Those changes cause the UE to invoke congestion control in the current carrier. It is a sign that the current carrier is no longer favoured. The UE shall do carrier reselection if this happens. The selection result may still be the same, but at least the UE is allowed to try to find an alternative.

	ZTE
	b)
	It is difficult to determine whether carrier reselection shall be performed assuming congestion-control caused TX-Config degradation is considered as a trigger for carrier reselection since different operation may be needed for different V2X services.

	Lenovo
	b)
	a)-h) can already cover this case, so no additional trigger is needed

	Samsung
	b)
	We don’t see any need to define additional triggering condition for this case.

	LG
	b)
	We think above case a) to h) seems to cover the triggering conditions. Therefore, additional triggering conditions are not necessary.


Option a): Yes: 3 companies
Option b): No: 9 companies

Rapporteur Comments: The majority view of the companies is to not include this as an additional trigger and intend to reuse one of the triggers defined in section 2.1 to cover this case. 
Proposal 7 No new carrier selection trigger is needed when congestion-control caused TX-Config degradation in current carrier is detected by the UE.

Consider the UE behaviour from TX capability perspective, whenever the set of TX carriers being used need a change (e.g., start/stop a service, activate/deactivate CA packet duplication), the UE may want to reshuffle its TX carriers to reduce its vulnerability to transmission issues due to limited TX capability, as explained in [6]. For example, a UE may adjust existing carrier selections of V2X services to concentrate its TX transmissions in certain carriers so that to reduce the need of simultaneous TX in a certain subframe in carrier combinations beyond its TX capability.

Given the considerations above, we like to solicit company’s view on the following question:

Question 7: Shall a carrier reselection to be triggered by limited UE TX capability concern?

a) Yes;

b) No;

c) Other, please specify;

	Company
	Preferred option
	Comments if any

	OPPO
	a) with comment
	On the one hand, for the mentioned motivation above “UE may adjust existing carrier selections of V2X services to concentrate its TX transmissions in certain carriers”, it is not clear how to define a clear criterion to judge whether the current resource / carrier selection is “concentrated” or not.

On the other hand, carrier / resource reselection may be needed due to TX capability limitation in the following case: For a newly arrived service / PPPP which is delay-critical, it cannot find available resource on the mapped carrier, since the resources in [T1, T2] window is occupied by other low-priority on-going traffic on the other carriers. In this case, resource / carrier reselection of the low-priority on-going traffic is helpful to reduce the waiting time of the newly arrived high-priority / delay-critical traffic.



	Nokia
	b)
	We understood h) trigger of resource reselection can handle this case.

	Intel
	a)
	It would be beneficial to the UE to perform carrier reselection to deal with the Tx capability concerns and to grant flexibility to the UE in choosing the most suitable carrier.

	CATT
	B)
	Agree with Nokia 

	Huawei
	b)
	As our replies to Question 3. 

	Ericsson
	a) but MAC impact might not be needed.
	UE capabilities can be considered, but from specification perspective this reselection procedure should not be triggered by MAC, since MAC does not deal with capability limitations. Further inputs from RAN1/RAN4 would be needed about that.

	ITRI
	a)
	We agree with viewpoint of Intel

	Qualcomm
	a)
	Agree with Intel.

	ZTE
	a)
	When a new V2X service is initiated, the selected carrier for other V2X services may need to be adjusted based on UE’s Tx capability and service - frequency mapping. 

	Lenovo
	b)
	Agree with Nokia

	Samsung
	c)
	We understand this might happen. But it can be UE implementation issue.

	LG
	a)
	We consider that triggering condition with limited Tx is required when new service or high priority transmission is triggered. 
However, we think that this operation can be handled by RRC layer providing carrier/pool configuration. Based UE capability, an appropriate set of candidate carriers would be provided by RRC layer.


Option a): Yes: 7 companies
Option b): No: 4 companies

Option c): left to UE implementation: 1 company

Rapporteur Comments: The majority view of the companies agrees this as an additional triggering condition. However, among the “Yes” answers, 2 companies raised concerns that this may not need to be captured in MAC specification.
Proposal 8 Carrier reselection can be triggered by limited UE TX capability concern.

Proposal 9 FFS how to capture this carrier reselection trigger in RAN2 specification.

Finally, it might be a viable option to introduce a time-based trigger, e.g., a UE can periodically check if the TX carrier is still suitable or the same TX carrier will still be preferred than other carriers. Some may argue that the SL_RESOURCE_RESELECTION_COUNTER (combined with ProbResourceKeep) used for resource selection can be regarded as a kind of periodic trigger, but defining a separate timer trigger may give UE a chance to take account other factors which may change with a different granularity. Please share your view on this issue below:

Question 8: Shall a time-based trigger be introduced for carrier reselection?

a) Yes;

b) No;

c) Other, please specify;

	Company
	Preferred option
	Comments if any

	OPPO
	b)
	Given all the triggers above motivated for different reasons, a time-based trigger seems lack of strong motivation, and may further complicate the whole procedure, so not preferred.

	Nokia
	b)
	We tend to agree the counter may do the similar job.

	Intel
	a)
	No strong view here, but we think that this could be a catch-all trigger for carrier reselection, especially relating to question 3, where the UE can deal with CBR changes and at the same time, avoid frequent ping pong between different carriers.

	CATT
	b)
	If the carrier doesn't fulfull the carrier re-selection criteria, namely UE works perfectly in this carrier, so there is no need to trigger carrier re-selection periodically. Consideration on the performance of sensing, UE should use the same carriers as long as possible.

	Huawei
	b)
	As our replies to Question 3. 

	Ericsson
	b) but no strong view
	No strong view. The feeling is that the CBR threshold margin together with the legacy resource reselection triggering might be enough to avoid frequent carrier switching.

	ITRI
	a)
	We have no strong point of view on this. But UE can periodically check if the TX carrier is still suitable or the same TX carrier will still be preferred than other carriers.

	Qualcomm
	b)
	No strong view. But we prefer event-driven triggers  better than time-based ones. The latter has a constant computation overhead even when there is nothing significant happening.

	ZTE
	b)
	It is not needed. 


	Lenovo
	b)
	No additional benefit is foreseen based on former triggers

	Samsung
	a)
	No strong view. But time-based trigger may work together with the trigger conditions in 2.1 to avoid frequent channel switching. 

	LG
	a) 
	We think time-based triggering is necessary when a UE periodically check whether current carrier is available or not.


Option a): Yes: 4 companies
Option b): No: 8 companies

Rapporteur Comments: Although many companies select either a) or b) indicate that there is no strong view of this issue, I think a 8 vs 4 majority suggest RAN2 can save some effort to avoid adding one more trigger.
Proposal 10 No new time-based trigger is introduced for the purpose of carrier reselection.

If any company deems there are any extra triggering conditions for carrier reselection worth discussing, please feel free to add additional questions.

One issue that arises is whether the different possible triggering conditions discussed in this email discussion should be performed on a MAC level or on HARQ entity level. In legacy the triggering conditions discussed in Question 1 takes place on a per-carrier basis, i.e. on a per-HARQ entity basis in the CA MAC modelling agreed for Rel. 15. However, when multiple carriers can be selected, it seems that some carrier selection functionalities should be performed at MAC entity level. For example, depending on the amount of data to transmit the MAC entity may select an additional carrier, or remove one carrier if the amount of data to transmit diminishes. For example, at least option d) and option e) in Question 1 may be performed at MAC entity level to trigger carrier reselection. Similarly, when packet duplication is activated, it should be the MAC entity to make sure to select for duplicates different carries which implies that carrier selection may be triggered.

In any case, which specific triggering conditions can be performed by the MAC entity and which by the HARQ entity can be further discussed. 

Question 9: Shall separate triggering conditions be specified for the HARQ entity and the MAC entity?
a) Yes. FFS which triggering conditions should be specified at HARQ entity and which at MAC entity level.

b) No, all triggering conditions should be specified at MAC entity level.

c) No, all triggering conditions should be specified at HARQ entity level.
	Company
	Preferred option
	Comments if any

	Ericsson
	a)
	As explained, some triggering conditions can be related to the HARQ entities operations, e.g. the monitoring of the congestion status in the carrier, or option a), b), c) in question 1. However, some other triggering conditions are more related to the MAC entity operations, e.g. when additional or less carriers have to be selected to accommodate different UE buffer sizes, or when packet duplication is activated. 



	Qualcomm
	b)
	All carrier selection triggers shall be specified in MAC level, instead of HARQ entity level. It was agreed that “A sidelink HARQ entity is in charge to perform selection/reselection of transmitting resources according to the sensing results of the associated sidelink component carrier”. Thus, all the conditions which cause carrier selections needs to be put altogether when describing MAC entity.

	ZTE
	b)
	Since a sidelink HARQ entity associated to one sidelink component carrier only, the carrier resection shall be specified for the MAC entity. 

	Samsung
	b)
	All triggering condition in question 1 can be specified at MAC entity level.

	LG
	b)
	We think that all triggering conditions should be handled at MAC entity level. In addition we already agreed that one HARQ entity per one carrier only. Therefore, triggering conditions related to multiple carriers cannot be handled in HARQ entity level.

	OPPO
	b)
	Although we understand the job of MAC entity and HARQ entity may be different, we assume the existing question already covers all cases.

	
	
	


Option a): 1 companies
Option b): 5 companies

Rapporteur Comments: Although only 6 companies answered this question, there is a clear majority supporting Option b) that all triggering conditions should be specified at MAC entity level .
Proposal 11 All carrier reselection triggering conditions should be specified at MAC entity level.

When a new V2X services starts, a new logical channel may need to be setup for the new V2X service. On the other side, when CA packet duplication is activated for a V2X service, new logical channel also needs to be setup to transmit duplicated traffic. In this situation, carrier reselection may need to be initiated to add new carriers for data transmission of new logical channel. Therefore, if supporting the view that a new trigger is needed for this case, company can answer “yes” to the following question. Otherwise, you can answer “no”.

Question 10: Shall carrier reselection be triggered when new logical channel is setup for V2X service?

a) Yes;

b) No;

c) Other, please specify;

	Company
	Preferred option
	Comments if any

	ZTE
	a)
	Carrier reselection may need to be initiated to add new carriers for data transmission of new logical channel.

	Qualcomm
	b)
	I think this trigger is as same as the trigger discussed in Q5 for starting a new service, which will lead to creating a new logical channel. 

	Samsung
	b)
	Agree with Qualcomm that this trigger is same as one in Q5.

	LG
	b)
	We have same view with above answers

	OPPO
	b)
	Agree with Qualcomm, Samsung and LG.

	
	
	

	
	
	


Option a): 1 companies
Option b): 4 companies

Rapporteur Comments: There are no sufficient responses (less than half of the participating companies) to this question. So it is not proper to have a proposal based on the limited responses.
Since CBR is agreed to be considered for the UE’s SL Tx carrier selection, it should also be considered for the Tx carrier reselection. As discussed in Question 3, additional CBR threshold or hysteresis is needed to avoid frequent channel switching. On the other hand, the CBR level of a selected carrier shall be considered as a trigger of carrier reselection. Therefore, if supporting the view that a new trigger is needed for this case, company can answer “yes” to the following question. Otherwise, you can answer “no”.
Question 11: Shall carrier reselection be triggered if the CBR level of the selected carrier is above a configured threshold or threshold+hysteresis?

a) Yes;

b) No;

c) Other, please specify;

	Company
	Preferred option
	Comments if any

	ZTE
	a)
	Carrier reselection shall be initiated if the selected carrier is not appropriate for transmission according to the current CBR value.  

	Qualcomm
	a) with comment
	We agree that the dramatic CBR change (increase) in a selected carrier  is a eligible reason to consider reselection. But this trigger is also similar to the problem described in Q6, while Q6 discuss if the carrier reselection shall be triggered if the UE found some congestion issues in the selected carrier. We think only one trigger is needed for this case, either the one proposed here or the one proposed in Q6.

	Samsung
	a)
	We understood that this can be a trigger condition for carrier reselection.

	LG
	a) 
	We have same view with above answers. 

	OPPO
	
	We observe no difference between this question and Q6, i.e., the L1 parameter selection (e.g., the number of reserved subchannel) becomes not applicable when the CBR increases a lot. 

	
	
	

	
	
	


Option a): 4 companies
Option b) or else: 1 companies

Rapporteur Comments: There are no sufficient responses (less than half of the participating companies) to this question. So it is not proper to have a proposal based on the limited responses.
3 Conclusion

This contribution summarizes the email discussion on the additional carrier reselection triggering. Based on companies’ input, the proposals achieved by this email discussion are shown as follows.

Proposal 1 All Rel-14 and Rel-15 resource reselection triggers shall be considered as triggers for carrier reselection.

Proposal 2 UE shall adopt a scheme to avoid frequent channel switching when carrier reselection is triggered.

Proposal 3 UE shall adopt a CBR-based scheme to avoid switching carriers frequently.

Proposal 4 RAN2 to further discuss to select one or both the schemes shown below:

Option 1) 
Use CBR-offset threshold; only if the CBR level of the current carrier at the resource reselection becomes worse than the CBR level at the last resource reselection time by a level greater than the threshold
Option 2) 
A CBR threshold (i.e. hysteresis margin) as the new parameter in CBR-PPPP_Txconfig to configure the UE to select the same carrier as before if the measured CBR at the resource/carrier reselection is lower than the configured threshold.

Proposal 5 RAN2 to further discuss whether carrier reselection be triggered when semi-static parameters related to carrier selection is re-configured.

Proposal 6 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.

Proposal 7 No new carrier selection trigger is needed when congestion-control caused TX-Config degradation in current carrier is detected by the UE.

Proposal 8 Carrier reselection can be triggered by limited UE TX capability concern.

Proposal 9 FFS how to capture this carrier reselection trigger in RAN2 specification.

Proposal 10 No new time-based trigger is introduced for the purpose of carrier reselection.
Proposal 11 All carrier reselection triggering conditions should be specified at MAC entity level.
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