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Introduction
In RAN2#113 meeting, RAN2 agreed that MRB may include both PTP and PTM
· Confirm P1 P2 P3 (assume that MRB may include both PTP and PTM)
In RAN2#113bis-e meeting, RAN2 agreed that split MRB is configured a common PDCP entity with two RLC leg (PTM and PTP):
· Dynamic PTM/PTP switch is supported for a split MRB bearer (type) with a common (single) PDCP entity.
· For a given UE, if the MRB’s QoS requirements are not met via PTM, switching to PTP with RLC-AM shall be supported.
In the last RAN2#114e meeting, following was agreed:
 RLC-AM is not supported for PTM (for MBS R17 WI). 
This means PTP leg may be configured with RLC AM or UM, while PTM can only support RLC UM.
In “Email discussion [Post114-e][072][MBS] Delivery Mode 1 PTM PTP operation [1], companies discussed initialization of MRB PDCP/RLC windows in MRB initialization and switching procedure.
In this document, we discuss initialization of RLC and PDCP windows in the case of MRB setup and PTP/PTM switching.
Initialization of PDCP reception window
For PDCP entity, PDCP state variables need to be set when MRB initialize. There are three alternatives options as in [1]:
Option 1: The COUNT values of RX_NEXT and RX_DELIV are indicated with a single COUNT value by the gNB
· gNB has to indicate COUNT values of RX_NEXT and RX_DELIV to UE explicitly
· RX_NEXT and RX_DELIV will be applied by a single COUNT value
 Option 2: The COUNT values of RX_NEXT and RX_DELIV are set according to the SN of the first received packet by similar way as sidelink
· UE sets the SN part of RX_NEXT to the SN of the first received packet
· UE sets the SN part of RX_DELIV to the SN of the first received packet - 0.5 × 2[sl-PDCP-SN-Size–1]
· HFN is left to UE implementation
Option 3 is in common with both op1 and op2. In our understanding, Option 3 can be divided into two sub-options. For option 3a, UE set the SN part of RX_NEXT and RX_DELIV to a single COUNT value as option 1. For option 3b, UE set the SN part of RX_DELIV to a value before RX_NEXT’s. This value can be set to RX_NEXT – 0.5*Window as in option2 or different.
Option 3: The SN part of COUNT values of these variables are set according to the SN of the first received packet and HFN is indicated by the gNB
· HFN is indicated by the gNB
· UE sets the SN part of RX_NEXT to the SN of the first received packet
· Option 3a: UE sets the SN part of RX_DELIV= RX_NEXT
· Option 3b: UE sets the SN part of RX_DELIV to a value before RX_NEXT(“RX_NEXT – 0.5*Window” can be reused)

[image: ]
Figure 1: Options for PDCP reception window initialization
For option 1, it is difficult to ensure that the SN of the first PDU received by UE is consistent with the COUNT indicated by gNB, which may lead to SN desynchronization. The time gap between the first arriving PDU and RRC signal may affect the efficiency of reception. There is also a problem that packets before SN of “the first received packet” will be discarded due to RX_DELIV=RX_ NEXT, which may cause some data loss [1]
	-	if RCVD_COUNT < RX_DELIV; or
-	if the PDCP Data PDU with COUNT = RCVD_COUNT has been received before:
-	discard the PDCP Data PDU;



Option 2 is to set COUNT values (including SN and HFN) by UE as legacy R15 sidelink. RX_DELIV is set to a value ½ reordering window before RX_NEXT(i.e. SN of the first received PDU) in order to allow some PDUs with SN before RX_NEXT to be received. HFN is left by UE implementation.
For legacy sidelink communication, HFN is not used(no AS security) and there is no “HFN desynchronization issue”. But for MBS, if AS security is agreed by SA3 to use HFN for COUNT synchronization between gNB and UE, UE cannot set HFN without gNB indication. In other words, option 2 is not available when PDCP security is used.
Another problem with option 2 is that RX_DELIV is set to "RX_NEXT – ½ window size", which will trigger t-reordering immediately after state variables initialization. However, since most packets arrive in sequence, they(most packets with SN<RX_NEXT) cannot be received by UE after initialization, which will always cause t-reordering expires. This will cause PDCP entity to wait for a time of t-reordering to deliver the first package to the upper layer after initialization.
Option 3 combines the advantages of option 1 and option 2. UE sets the SN part of RX_NEXT and RX_DELIV according to SN of the first received PDU, while HFN is configured by indication of gNB. UE to set SN part can ensure RX_NEXT is equal to the SN of the first received PDU and solves the problem of SN desynchronization. HFN (configured by network) is time-tolerant, which will not affect the efficiency of reception and solve the security issues.
Observation 1: Option 3 solves the security and SN desync issue, and has less impact on reception efficiency, which has the advantages of both option 1 and option 2.
Proposal 1: For MRB PDCP windows initialization, the SN part of COUNT values of variables are set according to the SN of the first received packet and HFN is indicated by gNB.
However, depending on specific options, option3 still has the remaining problems of op1 and op2. 
For option 3a, UE sets the SN part of RX_DELIV= RX_NEXT, which may cause data loss issue when receiving packets with SNs before RX_NEXT. This may be solved by removing the restriction of “if RCVD_COUNT < RX_DELIV” at PDCP layer in current specs, or reducing data loss through data recovery by PDCP status report, or leave this part of data loss alone since it occurs before MRB initialization.
For option 3b, the SN part of RX_DELIV can be set to a value before RX_NEXT. The specific value of RX_DELIV can refer to legacy sidelink (RX_NEXT – 0.5*Window) or another suitable value, which can be FFS. But as long as RX_DELIV< RX_NEXT, t-reordering will be triggered immediately after initialization, and the first received package will be delivered to upper layer after timer expires, which may result in considerable latency.
Proposal 2： RAN2 to discuss which case of option3 shall be used referring to potential data loss and latency, possible solution should then be discussed.
Option 3: The SN part of COUNT values of these variables are set according to the SN of the first received packet and HFN is indicated by the gNB
· UE sets the SN part of RX_NEXT to the SN of the first received packet
· Option 3a: UE sets the SN part of RX_DELIV= RX_NEXT
· Option 3b: UE sets the SN part of RX_DELIV to a value before RX_NEXT(“RX_NEXT – 0.5*Window” can be reused)
Initialization of RLC reception window
The discussion on RLC window initialization should be divided into PTP RLC and PTM RLC. In addition to common initialization when MRB setup, these two parts also include switching from PTM to PTP and PTP to PTM respectively.
Initialization of PTM RLC window
When UE is just configured with an MRB (MRB initialization), the RLC reception window at PTM leg needs to be initialized. There are two options: (for PTM RLC, only UM is considered)
Option 1: When initializing PTM RLC entity, the value of RX_Next_Highest and RX_Next_Reassembly can be set to initial value, i.e. 0.
Option 2: When initializing PTM RLC entity, the value of RX_Next_Highest and RX_Next_Reassembly can be set to the SN of the first received packet containing an SN, like sidelink broadcast/groupcast. 
In our understanding, these two options of RLC entity initialization are implemented by UE without indication from gNB. The only difference is the initial value of the state variable. For option 1, the initial value of RX is set to 0, consistent with current behaviour with LTE SC-PTM. However, it may cause SN gap with TX side and result in RLC window un-synchronization issue as PTM/PTP switching procedure. Option2 ensures the position of the reassembly window is consistent with the SN of the first received packet, so it can minimize data loss without more complexity.
Observation 2: When the UE is just configured with an MRB, Option 1 will cause RLC window un-synchronization on TX and Rx side, which will lead to more data loss. Compared with option1, option2 can reduce data loss without introducing more complexity.
Proposal 3: When initializing PTM RLC entity, the value of RX_Next_Highest and RX_Next_Reassembly can be set to the SN of the first received packet containing an SN. 
Considering the MBS service may have started when MRB is initialized, PTM leg cannot receive packets before RLC initialization, which is similar to option 3a in PDCP initialization. This part of packet loss can be left to PDCP, if possible (it depends on the options for PDCP initialization). It is also suggested that data loss before initialization should not be considered, because those packets do not belong to this UE. The best way to reduce this part of data loss is to initialize earlier.
Proposal 4: When MRB initialized, the data loss of PTM RLC initialization is left to PDCP.
As for PTP to PTM switching, a common PDCP entity can ensure services continuity by PDCP status report as legacy split DRB architecture (e.g. DAPS). This can be further discussed in PTP PTM switch [2]. In this case, there is no need to worry about the packet loss of PTM. This is the same as PTM to PTP switching in the next section.
Observation 3: When the MRB is switched from PTP to PTM, common PDCP entity can ensure services continuity by PDCP status report as legacy split DRB architecture 
Proposal 5: If split-MRB architecture is configured, the data loss of PTM RLC will be solved by PDCP when switching between PTP and PTM.
Initialization of PTP RLC window
Since there is no restriction on PTP RLC currently, there may be two modes (UM and AM) for PTP. However, considering L2 ARQ in data loss reduction and QoS requirement of PTP leg, we suggest that RAN2 should at least support UL for RLC AM PTP. Whether to support UL for UM PTP can be FFS. The following discussion is based on PTP RLC configured in DL and UL.
When UE is just configured with an MRB (MRB initialization), whether PTP leg is used for initial transmission or not, PTP RLC will be initialized for UE specifically. It is reasonable to set 0 to SN of the first RLC PDU received after MRB initialization.
Observation 4: When MRB initialization, PTP RLC will be initialized for UE specifically.
As for switching, in our understanding, when PTM is activated, PTP will not perform duplicate transmission, but stop transmitting data and only use UL for data loss feedback (FFS L2 ARQ). So when switching to PTP again, the contents of the first PDU transmitted by PTP this time and the last PDU in PTP last time are not continuous. So it seems meaningless to use history SN for PTP when switching from PTM to PTP. This also requires network to remember the SN of the last PDU transmitted in PTP, which leads to more complexity. 
Proposal 6: When MRB initialization or switching from PTM to PTP, PTP RLC reception window is set to initial value (i.e. 0).
Conclusion
In this contribution, the following observation are made: 
[bookmark: _GoBack]Observation 1: Option 3 solves the security and SN desync issue, and has less impact on reception efficiency, which has the advantages of both option 1 and option 2.
Observation 2: When the UE is just configured with an MRB, Option 1 will cause RLC window un-synchronization on TX and Rx side, which will lead to more data loss. Compared with option1, option2 can reduce data loss without introducing more complexity.
Observation 3: When the MRB is switched from PTP to PTM , common PDCP entity can ensure services continuity by PDCP status report as legacy split DRB architecture 
Observation 4: When MRB initialization, PTP RLC will be initialized for UE specifically.

Based on these observations, the following proposals are made: 
Proposal 1: For MRB PDCP windows initialization, the SN part of COUNT values of variables are set according to the SN of the first received packet and HFN is indicated by gNB.
Proposal 2： RAN2 to discuss which case of option3 shall be used referring to potential data loss and latency, possible solution should then be discussed.
Proposal 3: When initializing PTM RLC entity, the value of RX_Next_Highest and RX_Next_Reassembly can be set to the SN of the first received packet containing an SN.
Proposal 4: When MRB initialized, the data loss of PTM RLC initialization is left to PDCP.
Proposal 5: If split-MRB architecture is configured, the data loss of PTM RLC will be solved by PDCP when switching between PTP and PTM.
Proposal 6: When MRB initialization or switching from PTM to PTP, PTP RLC reception window is set to initial value (i.e. 0).
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