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[bookmark: _Ref488331639]Introduction
During the previous two meetings, RAN2 has made the following agreement regarding to CA for sidelink:
	· Progress made in RAN2#121bis-e

Agreements on SL CA framework:
1: 	Support one independent HARQ entity per carrier used for NR sidelink communication and one transport block is generated per carrier. 
2: 	Support that each transport block and its retransmissions are mapped to a same single carrier.

Agreements on SL CA configuration for GC/BC:
1: 	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. 

Agreements on SL CA duplication:
1: 	Packet duplication for NR sidelink is performed at the PDCP layer. The duplicated PDCP PDUs of the same PDCP entity are submitted to two different RLC entities and associated to two different sidelink logical channels respectively.
2: 	RAN2 agrees that LCH mapping restriction shall be defined such that the duplicated PDCP PDUs of the same PDCP entity are only allowed to be transmitted on different NR sidelink carriers.
3: 	For NR sidelink PDCP duplication, reuse the hard-coded way for paired sidelink LCID to identify duplicated sidelink LCHs (i.e. for a unified design for all Bcast/Gcast). The specific SL LCID values occupied are left to Stage-3. FFS on Unicast case.

Agreements on SL CA carrier (re)selection:
1: 	For TX carrier (re)selection triggers in NR sidelink CA, reuse the triggers for TX carrier (re)selection per sidelink process in LTE sidelink CA as follows at least for GC/BC
if the resource (re)selection is triggered with the sidelink process.
if there is no sidelink grant associated with the sidelink process on any carrier allowed for the STCH as indicated by upper layers (i.e., RRC layer and V2X layer).
FFS on unicast case.
2: 	For LCP, only allow the LCHs having a priority whose associated CBR threshold for reselection is no lower than the CBR of the carrier when the carrier is (re-)selected. FFS on how to determine the per-carrier CBR at least for GC/BC.
FFS on unicast case.
3: 	NR SL CA TX carrier (re)selection follows LTE CA solution, i.e., define 1) per-carrier-per-priority CBR threshold for carrier (re)selection, and 2) per-carrier-per-priority CBR threshold for carrier keeping. And final carrier selection is done based on the lowest CBR value across carriers. Where the priority is the LCH priority. 
FFS on unicast case.

Agreements on SL CA configuration for UC:
1: 	Based on observation that section 6.1.2.12 of TS 24.587-v18.0.0 has captured V2X layer can be provisioned with service to frequency mapping for unicast. RAN2 assume it is applicable to PC5 unicast SL CA after link has been established. RAN2 notify SA2 this assumption and ask their input on identified questions.
2: 	RAN2 ask SA2 input on Question 1: According to TS 24.588, V2X layer is only provisioned with a mapping between service identifier and initial L2 address used for unicast. But service identifier is invisible to AS-layer, and the initial L2 ID will only be used in DCR and be replaced by a self-chosen L2 ID in PC5-S link establishment procedure. Then, after L2 ID changes, whether/how UE's AS layer can obtain the mapping between L2 ID and frequencies.
3: 	RAN2 ask SA2 input on Question 2: According to TS 24.587, PC5 unicast allows UEs to add/modify/remove V2X services/PC5 QoS flows to the same L2 ID pair. Then, given service info is invisible to AS layer, how can the UE ensure the modified V2X services to be transmitted only on the corresponding frequencies in the V2X layer?



	· Progress made in RAN2#122

Agreements on SL CA backward compatibility issue (for GC/BC):
1: 	Consider a case that a V2X service which needs to be mapped into multiple carriers while there is at least one legacy UE to receive this V2X service. RAN2 further discuss whether TX profile approach can be supported.

Agreements on SL CA per carrier CBR determination:
1: 	Same principle as LTE V2X CA is applied.

Agreements on SL CA TX carrier (re)selection triggers, LCP impact, and CBR-based carrier:
1: 	Agreements made for GC/BC (RAN2#121bis-e) are also applicable for UC. TX carrier reselection is done among the carriers that peer UE also supports.

Agreements on SL CA LCID to identify duplicated SL LCHs for UC:
1: 	Agreement made for GC/BC (RAN2#121bis-e) is also applicable for UC.

Agreements on SL CA criterion for packet duplication:
1: 	SLRB configures whether PDCP duplication is used or not.

Agreements on SL CA PDCP duplication for SL SRB:
1: 	Working assumption: SL CA/PDCP duplication is applied to PC5-RRC after SL link is established. FFS on exact time when it can be started.

Agreements on SL CA DTX based SL RLF:
1: 	The counting is calculated per carrier.
2:	Legacy SL RLF is not declared when the counting is reached to sl-MaxnumConsecutiveDTX) for carrier(s) and the UE has other available SL carrier(s) for SL CA.



It can be observed that most of the work has been finished. However, there are still some leftover issues where we will address them in this contribution.
Discussion
RA mode switch
As per the instruction mentioned in [1], sidelink CA would only be supported in mode 2 operation, of which the purpose is to offload some work in this release. However, when a sidelink UE is not configured with CA, it should be allowed to work in mode 1 RA scheme as what we did in Rel-16/17. This, one step further, for a Rel-18 CA capable UE, at the very first beginning, it communicates with a Rel-17 UE who does not support CA. In this case, the Rel-18 UE will not request CA configuration from network since it is not necessary. Thereafter, there will not be such restriction to limit this Rel-18 UE work in mode 2, which means the UE would be configured with mode 1. Later, when a Rel-18 CA capable UE is approaching and would like to communicate with this Rel-18 UE, CA configuration would be necessary and then this UE should not be configured with a mode 1 resource allocation scheme anymore. In other word, a RA mode switch is necessary when a Rel-18 UE begins to apply CA configuration.
[image: ]
Figure 1 Rel-18 UE mode switch scenario
[bookmark: _Toc140678504][bookmark: _Toc146292063]In Rel-18, sidelink CA would only be supported in mode 2 operation.
[bookmark: _Toc140678456][bookmark: _Toc146292089][bookmark: _Toc146825124]A RA mode switch is necessary when a Rel-18 CA capable UE begins to apply CA configuration when it is in mode 1 RA scheme previously.

In details, how to trigger mode switch procedure can be further discussed after the principle is agreed.
[bookmark: _Toc140678457][bookmark: _Toc146292090][bookmark: _Toc146825125]How to trigger mode switch procedure can be further discussed.
PDCP duplication
During LTE V2X, when Tx UE detects the PPPR value of the packet is above the configured threshold, it will activate PDCP duplication but does not need to inform Rx UE in prior. It is because the Rx UE in LTE V2X was performing best effort reception. Thus, when the Rx UE realize the PDCP duplication is activated at Tx UE side, it can decide whether to receive both original packets and duplicated packets, or still only receive original packets, where it would not affect Tx UE’s transmission behaviour.
However, when it comes to Rel-18 CA, since HARQ feedback was introduced in Rel-16, Rx UE should perform HARQ feedback for each packet it receives so that Tx UE can decide whether there is a need to perform re-transmission correspondingly.
In addition, according to [1]
	· UE transmits SL HARQ feedback on the same carrier on which it receives the associated PSSCH



It means UE should transmit PSFCH on both carriers of original transmission and duplicated transmission.
[bookmark: _Toc140678505][bookmark: _Toc146292064]UE should transmit PSFCH on both carriers of original transmission and duplicated transmission if it is configured with HARQ feedback enabled.
However, if to follow LTE V2X PDCP duplication design principle, i.e., Tx UE would not inform Rx UE when it decides to activate PDCP duplication, Rx UE will not know when Tx UE activates PDCP duplication correspondingly, furthermore, if the transmission is configured as HARQ feedback enabled for both original transmission and duplicated transmission, problem is coming. In details, Rx UE may even not be aware that Tx UE activate PDCP duplication so it would still try to only receive original transmission so it will only perform HARQ feedback for original transmission only. However, Tx UE would expect the HARQ feedback for both original transmission and duplicated transmission since both legs are configured with HARQ feedback enabled. But Tx UE would not detect any HARQ feedback for duplicated transmission, so Tx UE will be confused whether it is because Rx UE fail to receive duplicated transmission or Rx UE just does not realize PDCP duplication is activated at Tx UE side. So Tx UE may fail to decide whether there is a need to perform re-transmission for duplicated packet.
[bookmark: _Toc140678506][bookmark: _Toc146292065]When PDCP duplication is activated and HARQ feedback is enabled at both original transmission and duplicated transmission, Tx UE will be confused when it does not detect any HARQ feedback for duplicated transmission.
Thereafter, to avoid any mis-understanding at Tx UE side, Tx UE should inform Rx UE when it decides to activate/deactivate PDCP duplication at least for sidelink unicast communication.
[bookmark: _Toc140678458][bookmark: _Toc146292091][bookmark: _Toc146825126]Tx UE should inform Rx UE when it decides to activate/deactivate PDCP duplication at least for sidelink unicast communication.
In details, when to trigger the informing and in which way to carry the informing can be further discussed. In addition, how to solve the issue for groupcast can also be further discussed.
[bookmark: _Toc140678459][bookmark: _Toc146292092][bookmark: _Toc146825127]When to trigger Tx UE’s informing on PDCP duplication activation/deactivation and in which way to carry the informing can be further discussed.
[bookmark: _Toc140678460][bookmark: _Toc146292093][bookmark: _Toc146825128]Whether Tx UE needs to informing Rx UEs for PDCP duplication activation/deactivation for groupcast communication can be further discussed.
[bookmark: _Toc146292094]Furthermore，in LTE V2X, network will configure two non-orthogonal carrier sets for data transmission of original logical channel and duplicated logical channel, so that to avoid using the same carrier in PDCP duplication. Yet it is not a necessary mechanism, since MAC layer will take charge of carrier selection with a per-logical channel granularity. Therefore, the MAC entity can recognize whether it has selected the same carrier for another logical channel. Thus, once the frequency list is configured, it can up to MAC entity implementation to select different carriers used for PDCP duplication.
[bookmark: _Toc146292095][bookmark: _Toc146825129]No need to configure non-orthogonal carrier sets for two RLC legs for PDCP duplication. It can up to MAC entity implementation to select different carriers used for PDCP duplication
Carrier mapping 
During last meeting, when RAN2 parsing SA2’s reply LS, RAN2 understands that upper layer will provide a mapping of QoS flow to carrier list mapping towards AS layer. Therefore, the remaining issue is how should AS layer implement on QoS flow to carrier mapping to get a frequency list for UE’s CA.
For different accuracy scale, UE can get the frequency list configuration in the following granularity:
· Per UE granularity
· Per Destination Layer 2 ID granularity
· Per SLRB granularity
If to configure the frequency list with per UE granularity, then the frequency list should mapped to all existing QoS flow for every destination ID, of which the mapping relationship may need to dynamically changed, since the UE’s service traffic may correspondingly changed all the time. Therefore, it is hard to maintain a dynamically configuration via RRC. So, it is more reasonable to have per Destination Layer 2 ID granularity or per SLRB granularity. It needs more RAN2 discussion on the down selection between per-Destination Layer 2 ID frequency granularity and per-SLRB frequency configuration granularity.
[bookmark: _Toc146292096][bookmark: _Toc146825130]RAN2 should discuss whether to adopt per-Destination Layer 2 ID frequency configuration granularity or per-SLRB frequency configuration granularity in AS layer.
In details, if to adopt the per-Destination Layer 2 ID frequency configuration granularity, when upper layer providing the frequency mapping towards AS layer, for each destination layer 2 ID, UE will get the frequency set list corresponding to each QoS flow:
· [f1, f2 – QoS flow 1], [f2, f3 – QoS flow 2], [f3, f4 – QoS flow 3]
When the UE is in RRC_CONNECTED state, it should report the QoS flow to frequency mapping towards network. So that network can provide a destination layer 2 ID to frequency mapping afterwards.
[bookmark: _Toc146292097][bookmark: _Toc146825131]For per-destination layer 2 ID frequency configuration granularity, UE should report the mapping between QoS flow to frequency towards network so that can get the configuration of mapping between destination layer 2 ID to frequency when it is in RRC_CONNECTED state.
On the other hand, when the UE is in RRC_IDLE/INACTIVE or out of coverage, since UE cannot report this information towards network, network should provide a full frequency list configuration by either SIB configuration or pre-configuration, within the full frequency list, UE should filter out a sub-list for each destination layer 2 ID, which can cover possible QoS flows. An example would be: [f2, f4 – QoS flow 1/2/3]
In that case, UE can maintain a destination layer 2 ID to frequency list mapping.
[bookmark: _Toc146292098][bookmark: _Toc146825132]For per-destination layer 2 ID frequency configuration granularity, UE should for each destination layer 2 ID filter out a frequency list based on the full frequency list configuration from either SIB or pre-configuration when the UE is in RRC_IDLE/INACTIVE or out of coverage.
On the other hand, if to adopt per-SLRB frequency configuration granularity, since AS layer will maintain the QoS flow to SLRB configuration mapping relationship. Therefore, it is easy to have the frequency list to SLRB mapping configuration after UE reporting the mapping relationship between QoS flow to frequency list towards network.
[bookmark: _Toc146825133]For per-SLRB frequency configuration granularity, UE should report the mapping between QoS flow to frequency towards network so that can get the configuration of mapping between SLRB to frequency when it is in RRC_CONNECTED state.
When the UE is in RRC_IDLE/INACTIVE or out of coverage, similarly, network should provide a full frequency list configuration by either SIB or pre-configuration. Within the full frequency list, UE should filter out a sub-list for each SLRB. In that case, UE can maintain a SLRB to frequency list mapping.
[bookmark: _Toc146825134]For per-SLRB frequency configuration granularity, UE should for each SLRB filter out a frequency list based on the full frequency list configuration from either SIB or pre-configuration when the UE is in RRC_IDLE/INACTIVE or out of coverage.
PC5-RRC
During RAN2 122 meeting, it has been agreed that the UE should perform Tx carrier selection among the carriers that peer UE also supports. It means that before sidelink UE capability transfer, both peer UEs do not know on which carriers to perform CA. In that case, it is more reasonable to not activate CA for sidelink UE capability transfer procedure.
[bookmark: _Toc146292066]    CA/PDCP duplication cannot be activated before the sidelink UE capability transfer procedure since peer UEs do not have the knowledge on which carriers to perform CA.
Furthermore, for unicast service, even the UE has the knowledge of the peer UE’s capability, it does not mean that the UE will select all supported carriers, so that it would be a waste of power if peer UE monitor all supported carriers. Therefore, it is suggested for both UEs to exchange the carrier (re-)selection result and afterwards the CA or PDCP duplication can be activated.
[bookmark: _Toc146292099][bookmark: _Toc146825135]It is suggested that peer UEs should exchange the carrier (re-)selection result via PC5-RRC signalling before activation of CA or PDCP duplication.
Also, according to the discussion in RAN2 122 meeting, it has been agreed that whether UE would activate PDCP duplication would be rely to RB configuration for sidelink data. Similar principle can be applied, it means the PDCP duplication activation/deactivation can be carried within SRB configuration
[bookmark: _Toc146292100][bookmark: _Toc146825136]PDCP duplication activation/deactivation can be carried within SRB configuration.
Backward Compatibility
During last meeting, it has been agreed that Tx profile would be introduced, the detailed agreement is shown below:
	Agreements on TX profile extension for SL CA
1:	When the upper layer provides multiple carriers in service to carrier mapping information to AS, we need TX profile extension to inform whether the transmisson corresponding the service is backward compatibile or not. If backward compatible is needed, only legacy carrier is used for transmission when PDCP duplication is not used. If PDCP duplication is used, at least legacy carrier is used. FFS whether to use PDCP duplication or not is up to UE implementation.


It could be found that Tx profile extension is used to inform whether transmission for backward compatible is needed, which means UE may require Rel-16/17 frequency configuration or Rel-18 frequency configuration for the same destination layer 2 ID. However, the configuration of Rel-16/17 frequency is independent from the configuration of Rel-18 frequency from network side. It means network is not required to provide both Rel-16/17 frequency configuration and Rel-18 frequency configuration towards the UE at the same time. 
Therefore, the UE may not get the corresponding frequency configuration towards the Tx profile extension, where it comes from UE’s upper layer. Thus, in order to allow network to provide the correct corresponding frequency configuration, UE should report Tx profile extension associated with each destination layer 2 ID within the sidelinkUEInformation.
[bookmark: _Toc146292101][bookmark: _Toc146825137]UE should report Tx profile extension associated with each destination layer 2 ID within sidelinkUEInformation.
Conclusion and Proposal
In this paper, we have discussed the remaining issue of SL CA, a brunch of observations and proposals are listed below:
Observation 1	In Rel-18, sidelink CA would only be supported in mode 2 operation.
Observation 2	UE should transmit PSFCH on both carriers of original transmission and duplicated transmission if it is configured with HARQ feedback enabled.
Observation 3	When PDCP duplication is activated and HARQ feedback is enabled at both original transmission and duplicated transmission, Tx UE will be confused when it does not detect any HARQ feedback for duplicated transmission.
Observation 4	CA/PDCP duplication cannot be activated before the sidelink UE capability transfer procedure since peer UEs do not have the knowledge on which carriers to perform CA.

Proposal 1	A RA mode switch is necessary when a Rel-18 CA capable UE begins to apply CA configuration when it is in mode 1 RA scheme previously.
Proposal 2	How to trigger mode switch procedure can be further discussed.
Proposal 3	Tx UE should inform Rx UE when it decides to activate/deactivate PDCP duplication at least for sidelink unicast communication.
Proposal 4	When to trigger Tx UE’s informing on PDCP duplication activation/deactivation and in which way to carry the informing can be further discussed.
Proposal 5	Whether Tx UE needs to informing Rx UEs for PDCP duplication activation/deactivation for groupcast communication can be further discussed.
Proposal 6	No need to configure non-orthogonal carrier sets for two RLC legs for PDCP duplication. It can up to MAC entity implementation to select different carriers used for PDCP duplication
Proposal 7	RAN2 should discuss whether to adopt per-Destination Layer 2 ID frequency configuration granularity or per-SLRB frequency configuration granularity in AS layer.
Proposal 8	For per-destination layer 2 ID frequency configuration granularity, UE should report the mapping between QoS flow to frequency towards network so that can get the configuration of mapping between destination layer 2 ID to frequency when it is in RRC_CONNECTED state.
Proposal 9	For per-destination layer 2 ID frequency configuration granularity, UE should for each destination layer 2 ID filter out a frequency list based on the full frequency list configuration from either SIB or pre-configuration when the UE is in RRC_IDLE/INACTIVE or out of coverage.
Proposal 10	For per-SLRB frequency configuration granularity, UE should report the mapping between QoS flow to frequency towards network so that can get the configuration of mapping between SLRB to frequency when it is in RRC_CONNECTED state.
Proposal 11	For per-SLRB frequency configuration granularity, UE should for each SLRB filter out a frequency list based on the full frequency list configuration from either SIB or pre-configuration when the UE is in RRC_IDLE/INACTIVE or out of coverage.
Proposal 12	It is suggested that peer UEs should exchange the carrier (re-)selection result via PC5-RRC signalling before activation of CA or PDCP duplication.
Proposal 13	PDCP duplication activation/deactivation can be carried within SRB configuration.
Proposal 14	UE should report Tx profile extension associated with each destination layer 2 ID within sidelinkUEInformation.

[bookmark: _In-sequence_SDU_delivery][bookmark: _Ref189809556][bookmark: _Ref174151459][bookmark: _Ref450865335]Reference
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