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1.
Introduction
In order to proceed Tx carrier selection procedure, the e-mail discussion below was agreed in the last meeting.

	[100#41][LTE – eV2X] TX carrier selection – LG 

-
Identify the list of solutions by using PPPP and CBR in the TX carrier selection (based on the contributions this meeting)

-
Analyze pros and cons

-
Select the best option / the most preferred option 


Intended outcome: Report to next meeting


Deadline:  Thursday 2017-02-08


As described above, the following aspects are assumed in the e-mail discussion.

· PPPP and CBR are only considered in the Tx carrier selection. 

· Carriers selected by upper layer based on a certain service are only considered.

· CBR level can be measured by the UE and/or signaled by the network for a certain pool or carrier.

· Any criteria in the following can be configured by the eNB or preconfigured to cover IC and OOC scenario. (The ‘configured’ in the following means both cases.)

· The PPPP of MAC PDU indicates lowest PPPP value of the logical channels in the MAC PDU.

Note that in order to proceed on overall Tx carrier selection mechanism, the detailed differences between solutions submitted in the last meeting were intentionally omitted. 

2.
Discussion 
Most of the TX carrier selection procedures in contributions largely divided into two steps. First step is to select the carriers among the carriers provided by upper layer considering PPPP and/or CBR based on configuration (if configured). Second step is to select carriers to be used for transmission of MAC PDU if multiple carriers are selected in the first step. In the discussion below, companies are kindly requested to respond to each options on preference and pros/cons. In addition, it is also asked to respond on which layer (e.g. RRC, MAC or other layer) performs each function for progressing on specification work. Currently RRC layer configures the pools to MAC layer and MAC layer performs resource selection on the configured pools.

Step 1. The UE selects the candidate carriers among the carriers which are provided by upper/RRC layer (based on service type and UE capability) considering PPPP and/or CBR.

In order to implement step 1, options of the contributions in the last meeting can be classified into 3 options. For each option, please comment on the preference, layers and pros/cons. For your information, if you feel that any of the options are not necessary, you can check ‘not preferred’ for all options for step 1.

Option 1-1. Based on the existing SL-CBR-PPPP-TxConfigList [1]

The procedure of this option is as follows.

· Step 1-1. The UE is configured with the existing SL-CBR-PPPP-TxConfigList which indicates the prohibited/allowed resource pool/carriers for a certain PPPP for a certain CBR level, e.g. by setting maxTxPower as minus infinity or cr-Limit as 0. The example configuration is shown in below figure. With these configuration, the UE is allowed to transmit in both CC#1 and CC#2 for PPPP1 MAC PDU while the UE is only allowed to transmit in CC#2.

· Step 1-2. Using the configured SL-CBR-PPPP-TxConfigList, the UE selects candidate carriers based on PPPPs of MAC PDUs for a current CBR levels of carriers.
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	Company
	Preference
(Preferred/Not preferred)
	Layer of performing Step1-2 (e.g. RRC/MAC)
	Pros
	Cons

	OPPO
	Preferred
	MAC
	By reusing the existing component defined in Rel-14, specification effort can be saved for Tx carrier selection.

For the scenario where Rel-14 and Rel-15 UE co-exist on the same frequency, this method has the benefit of backwards compatibility by ensuring both Rel-14 and Rel-15 UE follows the same Tx carrier selection criterion, 
	

	Intel
	Not preferred
	MAC
	· Uses the same basic procedure as in Rel-14, but for the purpose of selecting/eliminating CCs.


	· If two or more carriers are declared eligible, does not seem to provide load-balancing feature when selecting among applicable carriers.



	Huawei
	Not preferred
	
	
	It should be noted that this solution does NOT reuse anything. As we commented in the last meeting, some "0" values have to be introduced into SL-CBR-PPPP-TxConfigList exclusively for carrier selection, but in Rel-14 V2X these parameters (e.g. power, MCS, PRB number, etc.) are not intentionally set to "0" to ban the usage of the pool (on the corresponding carrier). So to us, having these "0" values as in this solution is actually to introduce a "Dedicated Indication" which is used to indicate whether/when the corresponding carrier can be used. This (i.e. setting "0" values) cannot be called "reuse" or "left to eNB implementation", since new indication is introduced and used for new functionality.    

This solution may have the following drawbacks:

1. Resulting in impact on Rel-14 V2X UE behaviour. Forcing those "0" values into the existing Rel-14 configuration (i.e.SL-CBR-PPPP-TxConfigList) is bound to impact the legacy Rel-14 UEs' transmission. Specifically, some Rel-14 UEs should have been allowed to transmit on a carrier within a certain CBR range as per Rel-14 configuration, but are now prohibited from doing so, just due to some parameters set to "0" by this solution. For example, if we followed this solution, the network might set cr-Limit=0 for PPPP=5 in case of [0.5, 1] on a carrier. Assume current CBR=0.6 on this carrier; then it could trigger Rel-15 UEs to select another carrier(s) with lower CBR, but simultaneously prohibit the Rel-14 UEs using this pool. As a result, all resources in this pool will be inevitably left unused when CBR>0.5 for PPPP=5, regardless of Rel-14 or Rel-15 UEs. This is of course not good from resource utilization perspective, because the resources of this pool on this carrier should have been allowed for Rel-14 UEs as per Rel-14 V2X configuration. It is always not preferable for the new features to affect existing ones. 

2. Causing big signalling overhead. Since SL-CBR-PPPP-TxConfigList is a per-pool configuration, once a carrier is prohibited from being used in some CBR ranges, all the pools on this carrier have to be configured with "0" values for these CBR ranges. This is an inevitable redundancy of this solution and can lead to big overhead (especially for zone-based configuration). Such big overhead could have been avoided by making the Tx carrier selection configuration per carrier, instead of per pool. 

3. Complication of specification. In the case that a new feature can lead to impact on an existing feature (as shown above) and complicate the specification if integrated with the existing one, enforcing them together is not a good idea. Instead, we can separate them for a neater structure.

	ZTE
	Not preferred
	
	
	 In our opinion, option 1-1 is not flexible enough to control whether one carrier could be used for transmission of V2X packet of specific PPPP. According to the specification, the UE shall ensure that the sum of the CR value for the PSSCH transmissions with PPPP value equal or larger than k is equal or smaller than 
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. For example, V2X message associated with PPPP 2 may be allowed to use CC 1, while V2X message associated with PPPP 1 may be allowed to use CC2 and CC3.  Using option 1-1, cr-limit (PPPP=1) associated with CC1 shall be configured to 0, i.e. UE shall ensure that the sum of the CR value for the PSSCH transmissions with PPPP value 1 and 2 be zero. In this situation, the MAC PDU with PPPP 2 is not able to be transmitted via CC1.

	Lenovo
	Preferred
	MAC
	Reuse existing mechanism and no need to design new extra parameters.
From our point of view, this PPPP-CBR mapping table is anyway needed for each carrier no matter whether it is used for R15 UE carrier selection. This mapping table is at least needed to adjust the L1 parameters and the load of R14 UEs on that carrier for each resource pool. So the problem is whether we need an extra parameter e.g. PPPP-CBR threshold in solution 2 to control R15 UE carrier selection. Note here the difference of two parameter is that PPPP-CBR mapping table is per-resource pool parameter and CBR threshold is per carrier parameter for specific PPPP.

Assuming solution 2 is used for R15 UE carrier selection, then it is possible that the per carrier CBR threshold is different with CBR range of each resource pool. Then it is possible to result a problem that according to per carrier CBR threshold the carrier cannot be used for R15 UE but some resource pool on that carrier is actually can be used by signalled set of L1 parameter and CR limit. So there has the confliction problem because of introducing two CBR limitation on one carrier.
From another point of view, we already have a per resource pool controlled parameter and scheme, then why we need to introduce additional per carrier control parameter and scheme which is even less precise for resource utilization. Per resource pool control does not mean the impact for R14 UE, but give an unified resource control for all V2X UEs, which we think is better for load balancing. And when reconfigure the parameter, only parameter for specific resource pool is changed which do not need to change all configurations on that carrier

	

	Samsung
	Not preferred
	
	
	This option makes the operation complicated by trying to utilize a certain mechanism for different purposes. We also agree with Huawei on the point that if power level is set to ‘0’ in CBR-PPPP table, legacy Rel-14 UE can’t transmit data. 

	CATT
	Not preferred
	MAC
	
	Too complex.

	Nokia
	Preferred
	MAC
	Rel-14 mechanism can be (to a certain extent) reused. We acknowledge the opinions expressed above and are aware that adjustments have to be made, as Rel-14 mechanism was purely for L1 parameter adaptation. Furthermore, different granularities need to be considered (i.e. per pool and per carrier). 
As shown in the description provided by LG, this mechanism gives means to control whether the UE should transmit (i.e. find a pool/carrier, wherein its PPPP is supported) or it should refrain from transmitting (if congestion is discovered on certain carriers/pool). However, we do not think it is necessary, as pointed out by Huawei, to artificially set cr-Limit to zero to reduce the “candidate carriers” set if the load is high. CBR measurements and the CBR-PPPP table can be used for that and determine which pools (carriers) can be still considered…and the behaviour can be the same for Rel-14 and Rel-15 UEs.  
	

	Qualcomm
	Preferred with some comments
	Upper MAC  (Between RLC and MAC)
	No new parameters defined for CBR-based configuration.
For MAC operation, the incoming RLC PDU cannot be immediately transmitted because it needs to get a sidelink grant first. So, it must be placed in MAC layer buffer associate with a certain HARQ entity with a certain carrier as part of process to generate MAC PDU, Once a MAC PDU is created, its contents cannot be split into different carriers. So, the step 1 and 2 actually happen quite frequently with each incoming RLC PDU between RLC and MAC, not only when resource selection occurs. So, we do not think this step is done with MAC PDU in MAC layer.


	For the contents of this table, disagree with OPPO about using “0”s in the cr-limit for certain PPPP (as Nokia pointed out). We think there shall be no zeros in the table. All PPPP are supported in all carriers, and high CBR values exceeding cr-limit will force UE to use a less-capable TX config, as same as Rel-14. This avoids the issue raised by Huawei comment.

The usage of this table is just to eliminate TX carrier which will be forced to use less-capable TX-config as long as there is a carrier can use normal Tx-config. If there is no carrier can be chosen to just use normal TX-config. Then there is no elimination of any TX carrier, UE just enter step 2 with the same carrier set provided by upper layers.



	LG
	Preferred
	MAC
	Beneficial in terms of reusing existing table.
The value of ‘0’ might still be useful in some cases where a frequency is only used for the services which is not used by Rel-14 UEs. 

Since this scheme uses the existing table, it is not expected that additional signalling is necessary.
	If a certain PPPP MAC PDU is prohibited in a carrier due to ‘0’ value, the UE should either drop the current transmission or UE perform one shot transmission in another frequency with another process while keeping the already reserved resources.

	Ericsson
	Preferred
	MAC
	In our understanding this is just the stage-3 way to design the option 1-2. As pointed out in some of the earlier comments, the CBR-PPPP table will be anyhow used to provide the L1 TX parameters for each configured combination of CBR-PPPP. Therefore, it seems reasonable to use such table also to deliver information on whether for a certain combination of CBR-PPPP the transmission is allowed or not.
We can discuss the signalling detail of how to achieve the above functionality, since some companies raised concern about setting the cr-Limit (or TX power) to 0. However, we believe that at least as a baseline the existing CBR-PPPP table can be reused to a large extent. 
	


Observation 1-1. Among 11 participating companies, for the solution based on existing SL-CBR-PPPP-TxConfigList 

· 6 companies preferred to adopt the solution. 
· 5 companies does not prefer to adopt the solution.
Observation 1-2. All the supporting companies prefer that tx carrier selection based on PPPP and CBR is performed in MAC layer.
The major pros of this solution are
· Reusing the existing CBR PPPP table defined in Rel-14
· Backwards compatibility by ensuring both Rel-14 and Rel-15 UE follows the same Tx carrier selection criterion
The major concerns of this solution are

· Making Rel-14 V2X UE not to use the certain pool/carrier by using ‘0’ value for cr-limit or ‘minus_Infinite’ for maxTxPower, if those values are introduced.
· Signalling overhead for indicating whether the carrier is usable or not for a certain PPPP.
Option 1-2. Based on additional CBR threshold for each PPPP [2][3][4]

The procedure of this option is as follows.

· Step 1-1. The UE is configured with CBR thresholds associated with each PPPP, where the current CBR of the carrier should be less than the configured CBR threshold in order to transmit MAC PDU of a certain PPPP in the carrier. The example configuration is as shown below.

Note: It is FFS whether the CBR threshold are configured per frequency.
· Step 1-2. The UE selects candidate frequencies which have lower CBR level than CBR threshold associated with PPPP(s).
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	Company
	Preference
(Preferred/Not preferred)
	Layer of performing Step1-2 (e.g. RRC/MAC)
	Pros
	Cons

	OPPO
	Not preferred
	MAC
	
	Not clear what the additional benefit to define an additional CBR threshold on top of existing SL-CBR-PPPP-TxConfigList, i.e., if for a specific PPPP value, a frequency is to be used only if the measured CBR is below a CBR threshold, it is exactly the same as setting the SL-CBR-PPPP-TxConfigList in a way that the CBR range from the said threshold to 1 would cause L1 parameter of maxTxPower as minusinfinity or cr-Limit as 0.

For the scenario where Rel-14 and Rel-15 UE co-exist on the same frequency, this method loses the benefit of backwards compatibility, since it has no restriction on Rel-14 UEs, but only restrict Rel-15 UE.

	Intel
	Preferred
	MAC
	· By defining CBR thresholds per PPPP, excessive loading of any particular carrier is mitigated (since V2X traffic is expected to be spread over a range of PPPP values)

· L1 parameters can be configured independently using Rel-14 mechanism as baseline.


	- Requires additional signalling/configuration of CBR thresholds per PPPP
In case of a particular packet which is not allowed transmission on any applicable carrier, the UE has no choice but to wait until CBR falls below the threshold, which may increase the latency incurred.

	Huawei
	Preferred
	MAC
	As our analysis in the above question, it can be seen that by introducing "0" values (as dedicated indication) into SL-CBR-PPPP-TxConfigList may not be a good way. We think a straightforward way is to specify a CBR threshold(s) which are applicable just for Tx carrier selection, i.e., not relying on the CBR-based radio parameter adaptation of Rel-14. Such CBR threshold(s) can be further associated with PPPP. 

In this way, there is no impact on the existing Rel-14 CBR-related parameters for resource selection.
	

	ZTE
	Preferred
	RRC or MAC layer
	This option is more flexible to control whether one carrier could be used for transmission of V2X packet of specific PPPP.
The layer of performing Step 1-1 could be MAC layer or RRC layer. If carrier re-selection is not frequently happened just as Uu CA, it would be better for the RRC to perform the carrier re-selection. However, if frequent carrier reselection (e.g., per subframe carrier re-selection) is allowed, MAC layer is more suitable to perform the resource re-selection. 
	

	Lenovo
	Not Preferred
	MAC
	See analysis for solution 1-1
	

	Samsung
	Preferred
	RRC
	This option is simple and straightforward for TX carrier selection based on CBR/PPPP. This option does not impact on legacy Rel-14 UE.

Since the process is to configure carrier/pool and not to select resource itself, letting RRC layer perform the carrier selection as in Rel-14 is preferred.
	

	CATT
	Not preferred
	MAC
	
	There isn’t the relationship between PPPP and CCs. It means for each PPPP using the same CBR threshold for all CCs. If UE can’t find any CC with the CBR value less than CBR threshold x to transmit the packet with PPPP= x, this packet should be dropped?

	Nokia
	Not preferred
	
	
	As indicated by OPPO, there is already a SL-CBR-PPPP relationship, so perhaps no need to introduce confusion by introducing another similar mapping (even if for a different purpose)? 
What are, in fact, those “candidate carriers”? Aren’t those the carriers already indicated by upper layers (by service-to-carrier mapping)? Then, among those carriers, UE chooses a suitable resource pool (not a carrier in fact), based on CBR-PPPP table. Why to introduce another level to associate entire carriers with CBR thresholds?

	Qualcomm
	Not preferred
	
	
	This basically reaches the same effect of Option 1-1, but we do not need to introduce new parameter to do the elimination of congested carrier based on CBR.

	LG
	Not preferred
	
	
	If the effect of the proposed scheme  is same or similar as Option 1-1, it causes additional signalling. 
In addition, if there are any resources allowed by CR-limit, we does not see reason for another limitation for a certain PPPP. The additional limitation would make the Rel-15 UE have less choices in selecting carriers compared to Rel-14 UE. 
As in Option 1-1, if a certain PPPP MAC PDU is prohibited in a carrier, the UE should either drop the current transmission or UE perform one shot transmission in another frequency with another process while keeping the already reserved resources.

	Ericsson
	Not preferred
	
	
	There is nothing wrong with this option from a technical perspective. But simply the stage-3 way to realize this option is via the existing CBR-PPPP table. 


Observation 2-1. Among 11 participating companies, for the solution based on new CBR threshold for each PPPP, 

· 4 companies preferred to adopt the solution. 

· 7 companies does not prefer to adopt the solution
Observation 2-2. 3 companies supporting this solution prefer that tx carrier selection based on PPPP and CBR is performed in MAC layer while 2 companies supporting this solution solution prefer that tx carrier selection based on PPPP and CBR is performed in RRC layer.
The major pros of this solution are

· Excessive loading of any particular carrier is mitigated. 
· Not impact on Rel-14 UE behaviour by not touching the existing CBR PPPP table.
The major concerns of this solution are

· Introducing redundant mapping since the existing CBR-PPPP table can achieve the same/similar effects.
· Additional restriction on Rel-15 UE compared to Rel-14 UE
· In case of a particular packet which is not allowed transmission on any applicable carrier, the UE has no choice but to wait until CBR falls below the threshold.
Option 1-3. Based on additional mapping between PPPP and carriers [5] 
The procedure of this option is as follows.

· Step 1-1. The UE is configured with allowed carriers for each PPPP values. The UE is only allowed to transmit MAC PDU of certain PPPP in only allowed carriers. The example configuration is as shown below. MAC PDU of PPPP1 is allowed in all carriers while MAC PDU of PPPP2 is only allowed in CC#3 and CC#4.
· Step 1-2. The UE selects the candidate carriers allowed for PPPPs of MAC PDUs.
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To clarify, the fractional CBR of all the available carriers can be utilized to determine which carrier can be mapped to each PPPP value. As an example, if we consider three carriers, each with CBR values of 0.2, 0.4 and 0.6 respectively, the set of applicable PPPP values for each can be computed as follows:

· Sort the set of applicable carriers in increasing order of CBR values (from i=1 to N)
· Compute the mapping to PPPP using the following formula:
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where N is the total number of applicable carriers and CBRk refers to CBR of the kth carrier.
So, in this example, we will obtain:
Number of topmost PPPP values assigned to CC#1 (with CBR 0.2) = floor[(0.2+0.4+0.6)/(0.2+0.4+0.6) * 8] = 8

Number of topmost PPPP values assigned to CC#2 (with CBR 0.4) = floor[(0.4+0.6)/(0.2+0.4+0.6) * 8] = 6
Number of topmost PPPP values assigned to CC#3 (with CBR 0.6) = floor[(0.6)/(0.2+0.4+0.6) * 8] = 4
Thus, we have all 8 PPPP values mapped to carrier 1, PPPP 1 to 6 mapped to carrier 2 and PPPP 1 to 4 mapped to carrier 3. To put another way, packets with PPPP values 1 to 4 can be mapped to any of the three CCs; packets with PPPP from 5 to 6 can be mapped to CC#1 and CC#2 and packets with PPPP 7 and 8 can only be mapped to CC#1. Note that this relative mapping of PPPP values to carriers allows load balancing among carriers based on the priority of the packets. 
	Company
	Preference
(Preferred/Not preferred)
	Layer of performing Step1-1 (e.g. RRC/MAC)
	Pros
	Cons

	OPPO
	Not preferred
	MAC
	
	Not clear what the additional benefit to define a carrier-PPPP association on top of existing SL-CBR-PPPP-TxConfigList, i.e., if for a specific PPPP value, a sub-set of applicable frequency carriers is to be used, it is exactly the same as setting the SL-CBR-PPPP-TxConfigList in a way that except the applicable frequency carriers, for the said PPPP value, other frequency carriers only allow L1 parameter of maxTxPower as minusinfinity or cr-Limit as 0.

For the scenario where Rel-14 and Rel-15 UE co-exist on the same frequency, this method loses the benefit of backwards compatibility, since it has no restriction on Rel-14 UEs, but only restrict Rel-15 UE.

	Intel
	Preferred
	MAC
	· Allows proactive load balancing by mapping low priority MAC PDUs to fewer carriers than higher priority carriers (functionally similar to option 1-2)

· Allows for dynamic mapping based on CBR/congestion status of the CCs. i.e. the more congested a carrier becomes, the less PPPP values can be mapped to it


	

	Huawei
	Not preferred
	
	
	PPPP should work together with CBR, and should not be considered separately. 

	ZTE
	Not preferred
	
	
	In option 1-3, it is not clear how CBR is considered in the Tx carrier selection.

	Lenovo
	Not preferred
	
	
	Mapping PPPP to carriers does not favour for load balance

	Samsung
	Not preferred
	
	
	It is ambiguous to define a mapping rule between PPPP and a carrier. Thus, PPPP together with CBR or other parameter should be considered for TX carrier selection.

	CATT
	Preferred
	MAC
	Simple 
	

	Nokia
	Not preferred
	
	
	Alike Option 1-2: additional configuration is needed. More importantly, this could lead to inefficient use of carriers when there is a fixed mapping between PPPP and the carriers…and finally, upper layers anyway map services to carriers, so is there any point/benefit in additionally associating PPPPs and carriers?

	Qualcomm
	Not preferred
	
	
	With this common RRC configuration for all the TX UEs, if certain carriers are reserved for certain PPPP, how does it support traffic from services are not mapped into those carriers? For example. If a service is mapped to CC#1 and CC#2, but packets from this service is with PPPP 2, then what the UE would do? It seems wrong to assign PPPP to carriers directly.  

	LG
	Not preferred
	
	
	If the effect of the proposed scheme is same or similar as Option 1-1, it causes additional signalling. 
If there are any resources allowed by CR-limit, we does not see reason for another limitation for a certain PPPP. The additional limitation would make the Rel-15 UE have less choices in selecting carriers compared to Rel-14 UE.
As in Option 1-1, if a certain PPPP MAC PDU is prohibited in a carrier, the UE should either drop the current transmission or UE perform one shot transmission in another frequency with another process while keeping the already reserved resources.

	Ericsson
	Not preferred
	
	
	This option seems to make the association between PPPP and CBR further complicated. As pointed out by LG, if the final objective of this option is also to take into account at the same time the CBR and the PPPP, it seems that existing CBR-PPPP table can be reused to a large extent. 


Observation 3-1. Among 11 participating companies, for the solution based on new CBR threshold for each PPPP, 

· 2 companies preferred to adopt the solution. 

· 9 companies does not prefer to adopt the solution.

Observation 3-2. All supporting companies prefer that tx carrier selection based on PPPP and CBR is performed in MAC layer.
The major pros of this solution are

· Excessive loading of any particular carrier is mitigated by dynamic mapping based on CBR/congestion status of the CCs.
· Not impact on Rel-14 UE behaviour by not touching the existing CBR PPPP table.
The major concerns of this solution are

· Introducing redundant mapping since the existing CBR-PPPP table can achieve the same/similar effects.
· Additional restriction on Rel-15 UE compared to Rel-14 UE
· In case of a particular packet which is not allowed transmission on any applicable carrier, the UE has no choice but to wait until CBR falls below the threshold.
Observation 4. The solution based on the existing CBR and PPPP table is more preferred solution. In order not to resume the similar discussion, it is proposed that 
Proposal 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.
Proposal 1a Changes in configuration of Rel-14 CBR-PPPP-TxConfigList are allowed.
Proposal 1b Discuss whether to introduce ‘0’ value for cr-limit or ‘minus_Infinite’ for maxTxPower.
Proposal 2 Tx carrier selection based on (pre)configuration is performed in MAC layer.

Step 2. Carrier selection for actual resource reservation or one shot transmission.

As a result of step 1 in the above options, contributions states that it would be possible that multiple candidate frequencies can be considered. In order to excessively use the sidelink resources or reserve the sidelink resources, the UE is required to select some of the carrier(s) for resource reservation or one shot transmission. In this case, how does the UE selects carriers? 

· Option 2-1. Up to UE implementation.

· Option 2-2. The UE selects carriers with the lowest CBR level [1][5][7]
· Option 2-3. The UE selects carriers with the lowest CBR level within the ones filtered by the CBR threshold. 
· Option 2-4. The UE selects carriers with the highest CBR level within the ones filtered by the CBR threshold.
· Option 2-5. Others

Please note that only CBR and/or PPPP should be considered as described in introduction.
	Company
	Preferred option
	Layer of performing Step2 (e.g. RRC/MAC)
	Comments

	OPPO
	2-2 
	MAC
	CBR based carrier selection is helpful for load balance.

It is to be done at MAC layer, similar to Rel-14 where L1 parameter is selected at MAC layer based on SL-CBR-PPPP-TxConfigList. Please note that we have agreed in R2#99bis:

2: For parallel transmissions on different carriers, UE RRC selects different pools on different carriers, UE MAC performs resource (re-)selection on each selected pool. 

We assume this step 2 is to be applied after step 1, so that after applying the converged option in step 1, but still if two or more carriers are available for selection, this step is used to pick up one carrier based on the lowest CBR.

	Intel
	2-1
	MAC
	Using either method 2-2 or 2-3, once the UE has acquired a list of carriers applicable which meet the PPPP-CBR criterion, it can be left to UE implementation to choose a particular carrier since congestion has already been taken into account. Note that while consideration of additional factors like carrier priority might additionally be applicable as well, in the scope of this email discussion (i.e. CBR and/or PPPP only), option 2-1 is preferred.

	Huawei
	2-3 or 2-4
	MAC
	First, as our replies to Option 2-2, we think there should be CBR threshold(s) on each carrier, which is used to filter out which carriers are eligible to be selected, and the UE should select among those eligible carriers. Furthermore, such CBR threshold on each carrier should be PPPP specific. The reason is: on the one hand, V2X packets with different PPPP can have different acceptable CBR levels; on the other hand, packets with different PPPPs should not be treated equally for the access to a given carrier (e.g. PPPP=1 vs. 4), so their respective chance to access to the same carrier should be well adjusted.  These two aspects should be well balanced, which can be achieved by properly configured CBR threshold by taking also PPPPs into account on each carrier.

Then, based on the above CBR thresholds, we think both Option 2-3 and Option 2-4 can be considered:

For Option 2-3, it can make a Tx UE to select more available resources and ultimately increase transmission performance by selecting the best-quality carrier, among those eligible ones, from the UE's own perspective. However, Option 2-3 may cause an “over-selecting” issue, because this option inevitably makes the UE add a new carrier with lowest CBR again and again, as long as the lowest-CBR carrier changes from the previously selected ones. This can make the Tx UE select more carriers than it can actually handle (e.g. due to Tx capability), and the worst result would be that the UE selects all carriers (as the CBR on each carrier can change from time to time due to the high mobility of UE). 
We think the Tx capability issue (such as the re-tuning issue, efficiency issue and CBR measurement overhead) should not be neglected. To avoid these issues, we also want to consider Option 2-4. For Option 2-4, it can restrict the Tx UE to select only several carriers relying on the PPPP of its transmission, until the CBRs on all selected carriers are above their respective threshold. This can make the each UE to converge to some certain carriers (till the CBR cannot afford its requirement), thus decreasing the number of carrier selected compared with Option 2-3. By Option 2-4, the transmission performance can still be taken cared by the CBR threshold, with the capability issue avoided at the same time.   
Option 2-2 eventually makes UEs evenly distributed on all the carriers, and each UE will finally select all the carriers, which may cause capability issue (even worse than Option 2-3). Also, in this option, UEs with lower priority data may be treated equally as those with higher priority on a given carrier, which is unacceptable to higher priority transmissions.

	ZTE
	2-1
	MAC
	The selection of actual carrier for transmission for resource reservation or one shot transmission is up to UE implementation which is determined by the scheduler in the MAC layer.

	Lenovo
	2-1
	MAC
	Since by step 1, CBR is already been considered and for step 2, we think by UE implementation is enough.

	Samsung
	2-3, 2-5
	MAC
	Among the selected carriers according to the preferred option 1-2 of Step1 (CBR threshold for PPPP), a carrier with lowest CBR can be selected for actual resource. 

As other option (2-5), a carrier selection for actual resource can be UE implementation within the ones filtered by CBR threshold for PPPP (option 1-2 of Step1)

As in Rel-14, actual resource selection should be performed in MAC layer.    

	CATT
	2-2
	MAC
	

	Nokia
	2-2 and 2-5
	MAC
	For resource selection we believe the UE should prioritize the lowest CBR level. However, we wonder if UE should prioritize the current carrier/pool for reselection (i.e. as long as its CBR is still within acceptable limits, not necessarily the lowest globally). This would prevent the UE from switching between carriers/pools in some of the cases.

	Qualcomm
	2-5
	Upper MAC
(See QC comment on 1-1)
	This step immediately follows the Step 1 because after the elimination process based on CBR-PPPP table, the carrier choices may still not unique. So, the UE need to decide which exact MAC buffer (corresponding to different HARQ entities for different carriers) the RLC PDU shall be placed.

First, we do not agree with 2-2 because CBR has already been considered in Step.1 So, there is no need to consider it again. Load-balancing is not a design goal of this work. The design shall not aggravate congestion. Other than that, imbalanced traffic distribution among carriers is not a problem at all.

Second, we agree with Huawei that the Tx capability issue (such as the re-tuning issue, efficiency issue and CBR measurement overhead) should not be neglected. So the choice needs to be made with a reference to a semi-static ranking of set of carriers of all active services based on the TX capability. Such a ranking list can be created by UE itself based on its own capability and start/stop indication of services provided by the upper layers, but the ranking algorithm needs to be specified by RAN2 to ensure consistent TX UE behaviour and performance. If the remaining carriers after step 1 have different rankings in this semi-static list, the UE shall always pick the highest one. If the carriers have the same ranking, the UE shall pick the one with lowest index of the frequency carrier. (e.g., f1>f2 if f1 and f2 has the same ranking) 


	LG
	2-2
	MAC
	If the UE selects the lowest CBR, it is likely the UE would have more available opportunity in most cases. 
If there are any resources allowed by CR-limit, we does not see a gain of filtering by additional CBR threshold. 

	Ericsson
	2-2/2-3
	MAC
	It seems beneficial both from UE performance perspective and system perspective (load balance) if the UE selects the lowest congested carrier(s) for transmissions. Obviously, such “best” carrier(s) should be selected from the set of carriers in which the UE is allowed (as per higher layers configuration) and capable to transmit. 


Observation 4-1. The number of supporting each option is as follows. 
· Option 2-1: 3
· Option 2-2: 5

· Option 2-3: 3

· Option 2-4: 1

· Option 2-5: 2
Considering each solution in step 1 applies filtering based on CBR and PPPP, option 2-3 seems to be somewhat similar to option 2-2.
Observation 4-2. All the companies prefer that MAC entity selects final carrier(s) if there are multiple candidate carriers.
Proposal 3 MAC entity of the UE selects final carrier(s) with lowest CBR level if there are multiple candidate carriers after selection based on CBR and PPPP.
3.
Conclusion
Regarding the tx carrier selection based on PPPP and CBR, it is proposed that 

Proposal 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.
Proposal 1a Changes in configuration of Rel-14 CBR-PPPP-TxConfigList are allowed.
Proposal 1b Discuss whether to introduce ‘0’ value for cr-limit or ‘minus_Infinite’ for maxTxPower.
Proposal 2 Tx carrier selection based on (pre)configuration is performed in MAC layer.

Proposal 3 MAC entity of the UE selects final carrier(s) with lowest CBR level if there are multiple candidate carriers after selection based on CBR and PPPP.
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