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1 Introduction
[bookmark: _Hlk61519723]In RAN#99, SL CA was agreed to start WG work with revised scope (RP-230077 [1]). 
In RAN2#121b [2] and RAN2#123 [3], below agreements on SL CA carrier mapping were made for GC/BC and UC, respectively:
Carrier mapping for GC/BC
Proposal 3:	For groupcast/broadcast, as in LTE SL CA, the carrier(s) that can be used for transmitting data are configured by V2X layer for the L2 destination. FFS on backwards compatibility issue. 
Carrier mapping for UC
Agreements on SA2 question
1:	On Question 1 of S2-2307794, reply SA2 "RAN2's question 1 is intended to discuss after PC5 link establishment. And RAN2 assume that the AS layer may maintain a mapping between old L2 ID (before PC5 link establishment) and new L2 ID (after PC5 link establishment) by its implementation".
Meanwhile, because SA2 reply LS [4] mentioned a new concept "mapping between QoS flow(s) and frequencies", RAN2 discussed how to implement this new mapping in AS layer in RAN2#123 [2]. Specifically, two solutions from [5] were discussed, but no conclusion was made due to limited discussion time.
In this contribution, we continue to discuss SL carrier mapping from below aspects:
· Remaining issues on carrier mapping for UC
· Carrier mapping for IDLE/INACTIVE/OOC UEs
· Carrier mapping for CONNECTED UEs

2 Discussion 
[bookmark: _Ref54102585][bookmark: _Ref54102582]2.1 Remaining issues on carrier mapping for UC 
Because SA2 reply LS [4] mentioned a new concept "mapping between QoS flow(s) and frequencies", RAN2 discussed how to implement this new mapping in AS layer in RAN2#123 [2]. Specifically, below 2 solutions from [5] were discussed:
· Solution 1: AS layer generates a subset of carriers among all QoS flows (i.e. “allowed SL carriers”) based on all mappings from QoS flows to frequencies from V2X layer.
· Solution 2: AS layer rely on LCP restriction to ensure the correct carrier(s) are used for one MAC PDU. 
However, due to limited time, no conclusion was made. Related Chair Note was copied below for reference.
Proposal 2 (modified): For NR UC SL CA, RAN2 implement the mapping from QoS flow(s) to frequencies from V2X layer. 
[OPPO]: There was no related question in SA2 LS, no need to inform it to SA2. [Session chair]: QoS flow(s) mapping to frequencies is applied to UC only? [Apple]: Yes. [LG, OPPO]: No (different understanding). We should handle this question in general. [Vivo]: Prefer including this question in the reply LS. [Ericsson]: We should inform SA2. [OPPO]: What is the intention to ask that question before RAN2 discuss proposal 3. [OPPO]: We first need to discuss proposal to understand spec. impacts and how it works before agreeing with proposal2. 

Proposal 3: On how to implement the mapping from QoS flows to frequencies for UC SL CA, RAN2 down-select between the following 2 solutions with Table 1 into consideration. 
 • Solution 1: AS layer generates a subset of carriers among all QoS flows (i.e. “allowed SL carriers”) based on all mappings from QoS flows to frequencies from V2X layer.
 • Solution 2: AS layer rely on LCP restriction to ensure the correct carrier(s) are used for one MAC PDU.
[OPPO]: This issue is also there for GC/BC. It is better first to see how idle/inactive/OOC UE can work. For idle/inactive/OOC UE, upper layer will properly configure QoS flow to carrier mapping and based on LTE, we will probably have LCP enhancement to not multiplex packets destined to different carriers. So, it could work. [LG]: Solution 1 cannot work if there is no common carrier for multiple QoS flows. For solution 2, it is not clear whether we really need new LCP restriction or not. Legacy LCP may work. [Huawei]: Think that solution 1 would not work and we need time to check for solution 2. [ZTE]: Agree for option 2, we can reuse LTE like LCP. 

· Noted. We will revisit it next meeting. 
Note that during the discussion, it was suggested to first discuss IDLE/INACTIVE/OOC UEs and then discuss CONNECTED UEs. We think it makes sense and will continue the discussion in the followed 2 sub-sections.
2.1.1 Carrier mapping for IDLE/INACTIVE/OCC UEs
As illustrated in Figure. 1, one fundamental issue is that QoS flow(s) are not visible to the UE's MAC layer. Instead, only LCH is visible to MAC layer: 
· In current specification, the QoS flow(s) to be used in one LCH is configured via IE SL-SDAP-Config in RRC signaling by NW or in pre-configuration.
· MAC layer has no idea of which QoS flows are feeding the data in one LCH buffer, so it may not be able to determine the allowed frequency subset to be used for a particular LCH.
· Please note that RAN2 discussed multiple times in NR Rel-15: MAC layer are not supposed to read SDAP header in specified UP procedure, although it can be an UE implementation option. 
Observation 1: In current specification, only LCH is visible to MAC layer. MAC layer has no idea of which QoS flows are feeding the data in one LCH buffer, so it may not be able to determine the allowed frequency subset to be used for a particular LCH.
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Figure. 1 Illustration of issue for MAC layer to implement QoS flows to frequencies mapping
Thus, we need a solution to ensure the QoS flow(s) are not delivered to a wrong carrier which is not allowed by V2X layer. In other words, for a MAC PDU corresponding to a QoS flow:
· The carrier(s) selected must be part of carriers allowed by V2X layer for this QoS flow
· The carrier(s) selected must be part of carriers allowed by AS layer for SL CA operation.
· In current specification, SIB is allowed to provide a list of frequency (SL-ConfigCommonNR-r16-> sl-FreqInfoList-r16), but PC5 RRC doesn’t provide the allowed frequency list.
Based on above requirement, we further discuss the 2 solutions raised in RAN2#123 [3]:
 Proposal 3: On how to implement the mapping from QoS flows to frequencies for UC SL CA, RAN2 down-select between the following 2 solutions with Table 1 into consideration. 
 • Solution 1: AS layer generates a subset of carriers among all QoS flows (i.e. “allowed SL carriers”) based on all mappings from QoS flows to frequencies from V2X layer.
 • Solution 2: AS layer rely on LCP restriction to ensure the correct carrier(s) are used for one MAC PDU.
[OPPO]: This issue is also there for GC/BC. It is better first to see how idle/inactive/OOC UE can work. For idle/inactive/OOC UE, upper layer will properly configure QoS flow to carrier mapping and based on LTE, we will probably have LCP enhancement to not multiplex packets destined to different carriers. So, it could work. [LG]: Solution 1 cannot work if there is no common carrier for multiple QoS flows. For solution 2, it is not clear whether we really need new LCP restriction or not. Legacy LCP may work. [Huawei]: Think that solution 1 would not work and we need time to check for solution 2. [ZTE]: Agree for option 2, we can reuse LTE like LCP. 
First, we share some sympathy that solution 1 may not work well because common carriers among all QoS flows supported by one UE may not be found (i.e. the intersection of carriers among all QoS flows is likely to be empty). 
Observation 2: Solution 1 may not work well because common carriers among all QoS flows supported by one UE may not be found (i.e. the intersection of carriers among all QoS flows is likely to be empty).
Thus, solution 2 is a better option. However, according to online / offline discussion, we think it seems not all companies have the same understanding on details of solution 2. Thus, we provide details of solution 2 based on the example illustrated in Figure. 2.
[image: ]
 Figure. 2 Illustration of how solution 2 works for carrier mapping in SL UC CA
· Step 0: V2X layer provides QoS flow to carrier mapping to AS layer, and RRC layer provides QoS flow to SLRB mapping in SIB or pre-configuration.  
· As example illustrated in Figure.2, V2X layer provides the QoS flow to carrier mapping: 
· QoS flow 1 is mapped to f1 and f2; 
· QoS flow 2 is mapped to f1, f2 and f3; 
· QoS flow 3 is mapped to f4   
· RRC layer provides the QoS flow to SLRB mapping:
· QoS flow 1 and QoS flow 2 are mapped to SLRB 1; 
· QoS flow 3 is mapped to SLRB 2 
· Step 1: AS layer derives the carrier(s) each SLRB can use as the intersection of the carrier(s) that each corresponding QoS flow is mapped to.  
· In example of Figure.2, for SLRB 1, its allowed carriers are intersection between {f1,f2} (QoS flow 1) and {f1,f2, f3} (QoS flow 2) = {f1,f2}. For SLRB 2, its allowed carrier is {f4} because only QoS flow 3 is mapped to SLRB 2.
· Step 2: MAC layer applies LCP restriction on the allowed carrier for each SLRB.
· In example of Figure.2, MAC layer applies LCP restriction to limit data of SLRB 1 to only sent in {f1,f2}, and limit data of SLRB 2 to only sent in {f4}.
It is worth noting one point: in step 1 of solution 2, the intersection operation is performed among QoS flows of one SLRB rather than among all SLRBs in solution 1. Thus, the allowed carrier(s) set is not expected to be empty.
Observation 3: In step 1 of solution 2, the intersection operation is performed among QoS flows of one SLRB rather than among all SLRBs in solution 1. Thus, the allowed carrier(s) set is not expected to be empty.
Proposal 1: For non-default SLRB of SL UC CA, RAN2 adopt solution 2 to implement the mapping from QoS flows to carries with below steps for IDLE/INACTIVE/OOC UEs:
· Step 1: AS layer derives the carrier(s) each SLRB can use as the intersection of the carrier(s) that each corresponding QoS flow is mapped to.  
· Step 2: MAC layer applies LCP restriction on the allowed carrier for each SLRB.
In Step 2, a LCP restriction on the allowed carriers for each SLRB is needed. During offline discussion, it was raised that LTE V2X already introduced a LCH mapping restriction on NR SL carriers, which is captured in TS 36.321 [6]. And it may be reused to implement solution 2 in Proposal 1. [bookmark: _Toc37296256][bookmark: _Toc52796544][bookmark: _Toc46490387][bookmark: _Toc139032344][bookmark: _Toc52752082]From running TS 36.321 CR [6]:
[bookmark: _Toc29242994][bookmark: _Toc37256255][bookmark: _Toc37256409][bookmark: _Toc46500348][bookmark: _Toc52536257][bookmark: _Toc83651813]5.14.1.3.1	Logical channel prioritization
..omit...
The MAC entity shall perform the following Logical Channel Prioritization procedure either for each SCI transmitted in an SC period in sidelink communication, or for each SCI corresponding to a new transmission in V2X sidelink communication:
-	The MAC entity shall allocate resources to the sidelink logical channels in the following steps:
-	Only consider sidelink logical channels not previously selected for this SC period and the SC periods (if any) which are overlapping with this SC period, to have data available for transmission in sidelink communication;
-	Only consider sidelink logical channels which meet the following conditions:
-	allowed on the carrier where the SCI is transmitted for V2X sidelink communication, if the carrier is configured by upper layers according to TS 36.331 [8] and TS 24.386 [15];
-	having a priority whose associated threshCBR-FreqReselection is no lower than the CBR of the carrier when the carrier is (re-)selected in accordance with 5.14.1.5;
-	Only consider one sidelink logical channel among sidelink logical channels corresponding to same PDCP entity, if duplication is activated as specified in TS 36.323 [4].
..omit..



We think its principle may be reused for NR SL carrier mapping, but the specification impacts need further discussion. In our understanding, the highlighted part is mainly intended to rule out LTE D2D sidelink logical channels from V2X carriers because LTE D2D and LTE V2X are mixed in TS 36.321. Please note that neither 24.386 nor 36.331 defines which LCH(s) are allowed in which carrier.
Observation 4: The LTE V2X LCH restriction is mainly intended to rule out LTE D2D sidelink logical channels from V2X carriers. Neither 24.386 nor 36.331 defines which LCH(s) are allowed in which carrier.
With above background information taken into account, if we just replace “V2X sidelink communication” with “NR SL communication”, then it is still intended to restrict ProSe using ProSe carriers and V2X using V2X carriers. Meanwhile, what is allowed carrier configured by upper layer is clear in LTE V2X because the upper layer ]configures service to frequency mapping. Therefore, MAC can directly know whether the carrier is allowed via configuration from upper layer. However, because the mapping in NR becomes QoS flow to frequency mapping, MAC layer doesn't directly know whether the carrier is allowed as illustrated in Observation 1. Thus, clarification is needed to refine this high-level rule. We provide an example below on how to refine it, but the details of specification changes need further discussion.
-	allowed on the carrier where the SCI is transmitted for NR sidelink, if the carrier is configured by upper layers according to TS 38.331 [5] and TS 23.287 [19];
 - a LCH is allowed in a carrier based on whether this selected carrier is within a subset of frequencies associated with all the PC5 QoS flows allowed to be mapped to this LCH based on RRC configuration.
Proposal 2: To capture solution 2 in TS 38.321, the LCH restriction of LTE V2X can be reused with some refinement on which LCH(s) are allowed in which carrier(s). FFS details of specification impacts.  
The above procedure is applied to SLRB(s) which are configured in SIB or preconfigured. However, how to handle default SLRB needs further discussion. According to existing TS 38.331, for an IDLE/INACTIVE/OOC UE, if there is a PC5 QoS flow whose QoS profile is not mapped to any SLRB (pre)configuration, it is mapped to and transmitted by the default SLRB. Then, the above 2-step procedure of solution 2 may not work because the common carriers among all QoS flows mapped to default SLRB may be empty similar to solution 1.  
Observation 5: If there is a PC5 QoS flow whose QoS profile is not mapped to any SLRB (pre)configuration, it is mapped to and transmitted by the default SLRB. Then, the above 2-step procedure of solution 2 may not work because the common carriers among all QoS flows mapped to default SLRB may be empty similar to solution 1.  
One may propose multiple alternative solutions to address this issue. However, since it is late stage of Rel-18 SL-e, we think it is better to leave it to UE implementation, e.g. the UE may map some concerned QoS flow to one SLRB whose existing allowed carrier(s) are aligned with its mapped carrier(s). 
Proposal 3: For IDLE/INACTIVE/OOC UEs, if there is no common carriers among all QoS flows mapped to default SLRB, it is left to UE implementation how to handle this case.
2.1.2 Carrier mapping for CONNECTED UEs
For the UE(s) in CONNECTED state, it is general principle that they are handled by the NW via dedicated signaling based on NW implementation. Thus, to avoid misaligned understanding between UE and the NW, it needs to notify the NW on the received QoS flows to carrier mapping from V2X layer via SUI. After SUI is introduced, NW should be able to ensure carrier set is fully overlapping for all the QoS flows mapped to one SLRB, e.g. via reconfiguration of SL-SDAP-Config. However, it will be difficulty to ensure it in specification, and also it is not necessary to introduce different handling between IDLE/INACTIVE/OOC UE and CONNECTED UE, which needs further spec work. Thus, we also propose solution 2 is also applied to CONNECTED UE.   
Proposal 4: For the UEs in CONNECTED state, solution 2 is also applied. Meanwhile, it notifies NW on QoS flows to carrier mapping from V2X layer via SUI.

3 Conclusion
In this contribution, we discuss remaining issues of carrier mapping for SL CA. Our observations are:
Observation 1: In current specification, only LCH is visible to MAC layer. MAC layer has no idea of which QoS flows are feeding the data in one LCH buffer, so it may not be able to determine the allowed frequency subset to be used for a particular LCH.
Observation 2: Solution 1 may not work well because common carriers among all QoS flows supported by one UE may not be found (i.e. the intersection of carriers among all QoS flows is likely to be empty).
Observation 3: In step 1 of solution 2, the intersection operation is performed among QoS flows of one SLRB rather than among all SLRBs in solution 1. Thus, the allowed carrier(s) set is not expected to be empty.
Observation 4: The LTE V2X LCH restriction is mainly intended to rule out LTE D2D sidelink logical channels from V2X carriers. Neither 24.386 nor 36.331 defines which LCH(s) are allowed in which carrier.
Observation 5: If there is a PC5 QoS flow whose QoS profile is not mapped to any SLRB (pre)configuration, it is mapped to and transmitted by the default SLRB. Then, the above 2-step procedure of solution 2 may not work because the common carriers among all QoS flows mapped to default SLRB may be empty similar to solution 1.  

Based on observations, our proposals are:
Proposal 1: For non-default SLRB of SL UC CA, RAN2 adopt solution 2 to implement the mapping from QoS flows to carries with below steps for IDLE/INACTIVE/OOC UEs:
· Step 1: AS layer derives the carrier(s) each SLRB can use as the intersection of the carrier(s) that each corresponding QoS flow is mapped to.  
· Step 2: MAC layer applies LCP restriction on the allowed carrier for each SLRB.
Proposal 2: To capture solution 2 in TS 38.321, the LCH restriction of LTE V2X can be reused with some refinement on which LCH(s) are allowed in which carrier(s). FFS details of specification impacts.    
Proposal 3: For IDLE/INACTIVE/OOC UEs, if there is no common carriers among all QoS flows mapped to default SLRB, it is left to UE implementation how to handle this case.
Proposal 4: For the UEs in CONNECTED state, solution 2 is also applied. Meanwhile, it notifies NW on QoS flows to carrier mapping from V2X layer via SUI.
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