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1. Introduction
In RAN2#99bis, there was a discussion on UE’s Tx carrier selection in PC5 CA and parameters to consider for the carrier selection. CBR (Chanel Busy Ratio) and PPPP (ProSe per Packet Priority) were agreed to use for Tx carrier selection, however, consideration on other parameters has not been closed as below [1]: 
RAN2 #99bis Meeting eV2X LTE breakout session – Carrier selection in CA:

Agreements:
1: CBR should be considered for the UEs’ Tx carrier selection in PC5 CA from RAN2 perspective.
2: Priority indicated by PPPP should be considered for the UE’s Tx carrier selection in PC5 CA from RAN2 perspective. Not closed for other factors.
3: AS is aware of candidate V2X frequencies for V2X packet transmissions, which configured by upper layers (Same as Rel-14). FFS on the additional need in Rel-15.
4: UE capability on PC5 CA should be considered for the UE’s Tx carrier selection from RAN2 perspective. However no additional specification impacts are foreseen at the moment.
5: Configuration/Preconfiguration of PC5 carriers (at least one candidate set of PC5 CC) for the UE’s Tx carrier selection (like Rel-14). FFS if further standard changes (including UE behaviors) are needed for Rel-15 eV2X.
6: From RAN2 point of view we do NOT need a PCC and SCC.
7: No need of activation/deactivation mechanism for carriers.
8: FFS on how to handle Rx limited V2X UE.

In RAN2#100, under the agreements for packet duplication the related discussion on reliability information was captured as below [2] to figure out the possibility to derive reliability information with the cooperation of SA2: 
Agreements
1 Sidelink packet duplication in LTE is anchored at PDCP.
2 As for the Uu packet duplication, duplicated sidelink PDCP PDUs are submitted to two different RLC entities and associated to two different logical channels.
3 As for the Uu packet duplication, sidelink packet duplication on a single carrier is not supported, i.e. the MAC layer cannot multiplex the two logical channels associated to a duplicate packet into the same HARQ entity.
4 The LCID(s) that can be used for transmission of one replica of a duplicate packet are reserved, i.e. they cannot be used by non-duplicated packet transmission. RAN2 to discuss whether this LCID(s) for the duplicated packet should be (pre)configured or hard-coded or up to the UE implementation. (FFS (pre)configuration or hard-coded or up to the UE implementation. Option should be worked for both mode3 and mode4.)
5 Will ask SA2 the possibility to derive reliability inforamtion. Will include some background information for packet duplication and the benifits of reliability indication. Includes background information of Rel-14 PPPP.

This contribution presents Tx carrier selection criteria with consideration of packet duplication.
2. Discussion
2.1 Tx carrier selection for packet duplication
The main objective of packet duplication has been well discussed as a mechanism to support high reliability requirements since 3GPP LTE advanced [3] and NR standards development [4]. Use case scenarios targeted in V2X phase 2 such as advanced driving, extended sensors and remote driving require high reliability up to 99.999% [5]. 
For supporting packet duplication to meet high reliability requirement, there are some issues to discuss such as in which layer packet duplication implemented and which PC5 carrier can be selected for the purpose. For example, if UE transmits packets that require high reliability of advanced driving use case, the UE should decide which carriers should be selected to guarantee required high reliability. Assuming that a selected Tx carrier is busy then the carrier may not be suitable to support high reliability requirement. In this case, the UE would select another carrier for packet duplication which guarantees packet transmission. Thus, reliability should be considered as a factor to select Tx carrier, especially in case of packet duplication. 
Proposal 1. The Tx carrier selection should consider required reliability 

2.2 Additional factor for Tx carrier selection from reliability perspective
There would be a discussion whether the agreed two factors i.e., PPPP and CBR can cover reliability requirement. 
PPPP cannot cover reliability requirement because PPPP is more related with latency requirement referring to the descriptions in [6] “The setting of the PPPP value should reflect the latency required in both UE and eNB, i.e. the low Packet Delay Budget (PDB) is mapped to the high priority PPPP value”. The PDB defines an upper bound for the time that a packet may be delayed between the UE and the UPF in [7]. The PDB is used to support the configuration of scheduling and link layer functions (e.g. the setting of scheduling priority weights). So PPPP cannot be a factor to support reliability requirement.
Also CBR represents channel congestion status. Using these two parameters i.e., PPPP and CBR if low latency is required (i.e., the value of PPPP is high), UE can transmit data via less congested carrier (i.e., the value of CBR is low). However, the resource collision may not be avoided. For this reason, the two factors are not sufficient to support reliability requirement. There needs other factor for Tx carrier selection to support reliability from resource collision. 
As PDB can represent latency requirement, PER can be used for reliability. The PER defines an upper bound for the rate of SDUs (e.g. IP packets) that have been processed by the sender of a link layer protocol (e.g. RLC in RAN of a 3GPP access) but that are not successfully delivered by the corresponding receiver to the upper layer (e.g. PDCP in RAN of a 3GPP access). The PER defines an upper bound for a rate of non-congestion related packet losses. So PER can be an appropriate factor of reliability for Tx carrier selection.
For Reliability, we can reuse LTE QoS parameters which are described in [7] (See Table 1). According to Table 1, Standardized LTE QCI (QoS Class Identifier) are mapped to QoS characteristics such as priority, packet delay, packet error rate and so on. These characteristics of parameters can also represent certain service scenarios. For example, a V2X message for basic V2X service can be configured with Priority Level 2.5, PDB 50ms, PER 10-2.  Other V2X message for advanced V2X service (e.g., fully advanced driving - Latency Requirement: 3 ms, Reliability Requirement: 99.999%) parameters can be configured with PDB 3 ms, PER 10-3 which is not defined together in Table 1. If advanced V2X service considers only PER for QCI mapping, this scenario can reuse QCI 3 mapping case in Table 1. If advanced V2X service considers PDB and PER together for QCI mapping, this QoS characteristic can be discussed for the advanced V2X services.
Table 1: mapping Standardized LTE QCI to QoS characteristics in 3GPP
	QCI
	Resource Type
	Priority Level
	Packet Delay Budget
(NOTE 13)
	Packet Error Loss
Rate (NOTE 2)
	Example Services

	1
(NOTE 3)
	
	2
	100 ms
(NOTE 1, NOTE 11)
	10-2
	Conversational Voice

	2
(NOTE 3)
	
GBR
	4
	150 ms
(NOTE 1, NOTE 11)
	10-3
	Conversational Video (Live Streaming)

	3
(NOTE 3), NOTE 14
	
	3
	50 ms
(NOTE 1, NOTE 11)
	10-3
	Real Time Gaming, V2X messages

	4
(NOTE 3)
	
	5
	300 ms
(NOTE 1, NOTE 11)
	10-6
	Non-Conversational Video (Buffered Streaming)

	65
(NOTE 3, NOTE 9, NOTE 12)
	
	0.7
	75 ms
(NOTE 7,
NOTE 8)
	
10-2
	Mission Critical user plane Push To Talk voice (e.g., MCPTT)

	66
(NOTE 3, NOTE 12)
	
	
2
	100 ms
(NOTE 1,
NOTE 10)
	
10-2
	Non-Mission-Critical user plane Push To Talk voice

	75
(NOTE 14)
	
	2.5
	50 ms
(NOTE 1)
	10-2
	V2X messages

	5
(NOTE 3)
	
	1
	100 ms
(NOTE 1, NOTE 10)
	10-6
	IMS Signalling

	6
(NOTE 4)
	
	
6
	
300 ms
(NOTE 1, NOTE 10)
	
10-6
	Video (Buffered Streaming)
TCP-based (e.g., www, e-mail, chat, ftp, p2p file sharing, progressive video, etc.)

	7
(NOTE 3)
	Non-GBR
	
7
	
100 ms
(NOTE 1, NOTE 10)
	
10-3
	Voice,
Video (Live Streaming)
Interactive Gaming

	8
(NOTE 5)
	
	
8
	
300 ms
(NOTE 1)
	

10-6
	
Video (Buffered Streaming)
TCP-based (e.g., www, e-mail, chat, ftp, p2p file 

	9
(NOTE 6)
	
	9
	
	
	sharing, progressive video, etc.)

	69
(NOTE 3, NOTE 9, NOTE 12)
	
	0.5
	60 ms
(NOTE 7, NOTE 8)
	10-6
	Mission Critical delay sensitive signalling (e.g., MC-PTT signalling)

	70
(NOTE 4, NOTE 12)
	
	5.5
	200 ms
(NOTE 7, NOTE 10)
	10-6
	Mission Critical Data (e.g. example services are the same as QCI 6/8/9)

	79
(NOTE 14)
	
	6.5
	50 ms
(NOTE 1, NOTE 10)
	10-2
	V2X messages



According to the Table 1 or modified Table 1 with QoS characteristics for advanced V2X services, UE can transmit V2X packets which require low PER using Tx carrier which supports high reliability requirement. 
Observation 1. There needs other factor (e.g., packet error rate) for Tx carrier selection to meet reliability requirement in addition to PPPP which reflects packet delay budget. 
In SA2#125 meeting, SA2 has introduced a new parameter associated to V2X packets reliability (i.e., ProSe Per-Packet Reliability (PPPR)) [8]. The mapping of application layer V2X message reliability to PPPR is configuration on the UE. 
The PPPR can be defined based on PER in Table 1. For example, if PER is 10-2, then corresponding PPPR can be defined as low or 0 which representing low reliability. If PER is 10-6, then corresponding PPPR can be defined as high or 1 which representing high reliability. In this way PPPR can indicate whether V2X message requires reliable transmission. How to define PPPR is outside scope of RAN2 but in RAN2 PPPR can be considered for resource selection including TX carrier to transmit V2X packets which requires reliability.  TX carrier selection criteria based on PPPR can be utilized for the purpose of packet duplication. 
Proposal 2. ProSe Per-Packet Reliability (PPPR) representing the packet reliability can be considered for TX carrier selection.

3. Conclusion 
Observation 1. There needs other factor (e.g., packet error rate) for Tx carrier selection to meet reliability requirement in addition to PPPP which reflects packet delay budget.
Based on the above observations, we propose the following:
Proposal 1. The Tx carrier selection should consider required reliability 
Proposal 2. ProSe Per-Packet Reliability (PPPR) representing the packet reliability can be considered for TX carrier selection.
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