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This document summarizes the following email discussion:
[AT116bis-e][027][MBS] PDCP/RLC initial variables (xiaomi)
	Scope: HFN applicability / initialization for both multicast and broadcast, how to set RLC initial values. 
	Intended outcome: Report
	Deadline: Friday W1 (attempt offline agreement, can CB if needed W2)

Phase 1: Focus on HFN applicability / initialization for both multicast and broadcast, how to set RLC initial values as proposed in the companies’ contributions.
Deadline: Friday 2022-01-20 0300 UTC
Phase 2: TBD according to the discussion outcomes of Phase 1.
Deadline: TBD according to the discussion outcomes of Phase 1.

1.1	Contacts
Contact person for each participating company:

	Company
	Name
	Email Address

	Xiaomi
	Yumin Wu
	wuyumin@xiaomi.com

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	



2.	Phase 1
2.1	PDCP
According to the previous RAN2 discussion on the initial values of the PDCP, RAN2 made the following agreements:
	RAN2#115-e meeting agreements:
For PTM PDCP state variables setting while configured, the SN part of COUNT values of these variables are set according to the SN of the first received packet (by the UE) and the HFN indicated by the gNB, if needed.

	RAN2#116-e meeting agreements:
If HFN is needed (FFS), the initial value of HFN (maybe + related PDCP SN to avoid ambiguity of HFN FFS) is indicated by the gNB by RRC (e.g. during RRC based MRB bearer type change).


In the endorsed PDCP running CR for MBS in [1], an Editor’s Note is added as follows:
	The endorsed PDCP running CR for MBS in [1]:
Editor’s Note: FFS whether HFN is needed.



According the endorsed PDCP running CR for MBS in [1], the HFN is used for the following purposes:
· For multicast
· HFN is included in the PDCP COUNT, which is used for setting the PDCP state variables of RX_NEXT, RX_DELIV and RX_REORD of the receiving PDCP entity.
· HFN is included in the PDCP COUNT, which is used for setting the FMC field of the PDCP status report.
· For broadcast
· HFN is included in the PDCP COUNT, which is used for setting the PDCP state variables of RX_NEXT, RX_DELIV and RX_REORD of the receiving PDCP entity.
From the rapporteur’s understanding, the HFN part is anyway needed by the UE for both the multicast and the broadcast. Otherwise a lot of changes would be needed for setting the values of the PDCP state variables and the value of the FMC field in the PDCP status report.
Question 1: Is HFN needed for multicast (i.e. delivery mode 1) and broadcast (i.e. delivery mode 2)?
	Company
	Answer (Yes/No)
	Comments

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	



If the HFN is needed, RAN2 needs to discuss how the UE sets the initial value of the HFN. According to companies’ contributions and agreement quoted above, we could have the following options:
· Option 1: If HFN is needed, the initial value of HFN is indicated by the gNB via RRC (RAN2#116-e meeting agreement). [2][3][4][8][9]
· Option 2: The initial value of HFN is selected by the UE, if not indicated by the gNB. [2][6][7][11]
From the rapporteur’s understanding, if the initial value of HFN is not indicated by the gNB, the FMC of the PDCP status report and the values of the PDCP state variables will not be aligned between the gNB and the UE. 
For the PDCP status report, according to [5], even though the HFN part of the FMC is not aligned between the UE and the gNB, the gNB by implementation is still able to retransmit the lost PDCP PDUs as the Window_Size of the receiving PDCP entity equals to 2[pdcp-SN-SizeDL] – 1. However extra complexity at the gNB is needed to determine the proper HFN of the FMC at the SN wrap-around.
If the values of the state variable are not aligned between the UE and the gNB, the wrap-around of the PDCP COUNT at the UE could be prior to the wrap-around of the PDCP COUNT at the gNB, as the UE may select a HFN value larger than the HFN value selected by the gNB. Then extra complexity at the UE is needed to avoid the COUNT wrap around.
For the delivery mode 1, if the HFN is indicated by the gNB, the initial value of HFN can be indicated via dedicated RRC message (e.g. the RRCReconfiguration message).
Question 2: If HFN is needed, which of the following options is used to set the initial value of the HFN at the UE for the multicast (i.e. delivery mode 1)?
· Option 1: If HFN is needed, the initial value of HFN is indicated by the gNB via RRC (RAN2#116-e meeting agreement).
· Option 2: The initial value of HFN is selected by the UE, if not indicated by the gNB.
(Note: Multiple options can be selected, as the HFN can be optionally signalled by the gNB. However the HFN is always needed for the state variables of RX_NEXT, RX_DELIV and RX_REORD of the receiving PDCP entity.)
	Company
	Answer (Option 1 and/or 2)
	Comments

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	



For the delivery mode 2, if the HFN is indicated by the gNB, the initial value of HFN can be indicated via SIB. However as the PDCP status report is not needed for delivery mode 2, the requirement of aligning the initial value of HFN between the UE and the gNB is not the same as that for the delivery mode 1.  
Question 3: If HFN is needed, which of the following options is used to set the initial value of the HFN at the UE for the broadcast (i.e. delivery mode 2)?
· Option 1: If HFN is needed, the initial value of HFN is indicated by the gNB via RRC (RAN2#116-e meeting agreement).
· Option 2: The initial value of HFN is selected by the UE, if not indicated by the gNB.
(Note: Multiple options can be selected, as the HFN can be optionally signalled by the gNB. However the HFN is always needed for the state variables of RX_NEXT, RX_DELIV and RX_REORD of the receiving PDCP entity.)
	Company
	Answer (Option 1 and/or 2)
	Comments

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	





As indicated in [2][3], if the initial value of HFN is indicated by the gNB, due to the transmission delay (e.g. HARQ/RLC retransmission), the UE could receive the initial value of HFN at N+1 when the gNB sets the initial value of HFN at HFN=1 and sends the initial transmission of the corresponding RRC message at HFN=1, as illustrated above. Thus to align avoid the HFN desync issue, we could have the follow options:
· Option 1: The HFN desync issue due to the indication of the initial HFN is handled by the gNB implementation. [2]
· Option 2: A reference SN corresponding to the initial value of HFN is indicated to the UE. [3][4][8]
For Option 2, the value of HFN and related SN indicates the COUNT of the first PDU that gNB will transmit to UE, according to [4].
From the rapporteurs understanding, the gNB by implementation is able to avoid sending the same HFN at the SN wrap around. For example, when the retransmission is across the SN boundary, the gNB by implementation can send a new RRC message with an updated HFN value via new transmission. However this would also put extra complexities for the gNB implementation, and the HFN synchronization may not be always guaranteed by all gNB implementations. On the other hand, when the indication of the initial value of the HFN is not at the SN wrap around, the reference SN of Option 2 is not needed.
Question 4: If the initial value of HFN is indicated by the gNB, can a reference SN corresponding to the initial value of HFN be indicated to the UE?
(Note: This question is for delivery mode 1 and/or delivery mode 2, if the initial value of HFN is indicated by the gNB for delivery mode 1 and/or delivery mode 2.)
	Company
	Answer (Yes/No)
	Comments

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	



According to the discussion on RX_NEXT and RX_DELIV in the RAN2#116-e meeting, RAN2 made the following agreements:
	RAN2#116-e meeting agreements:
for multicast MRB, the initial value of the SN part of RX_NEXT is (x +1) modulo (2[PDCP-SN-Size]), where x is the SN of the first received PDCP Data PDU.
the initial value of RX_DELIV is set to a value before RX_NEXT, e.g. the initial value of the SN part of RX_DELIV is (x – 0.5 × 2[PDCP-SN-Size–1]) modulo (2[PDCP-SN-Size]), where x is the SN of the first received PDCP Data PDU.


According to [4], if the initial value of the SN part of RX_DELIV is set to (x – 0.5 × 2[PDCP-SN-Size–1]) modulo (2[PDCP-SN-Size]) (where x is the SN of the first received PDCP Data PDU), the UE could have potential data loss/latency in the following scenarios, since UE do not know the COUNT value of the first transmitted PDU:
· Scenario 1: The COUNT of the first transmitted PDU is smaller than RX_DELIV.
· Scenario 2: The COUNT of the first transmitted PDU is bigger than RX_DELIV.
For Scenario 1, PDUs with COUNT<RX_DELIV will be discarded. For Scenario 2, extra latency for delivering the PDCP PDU will occur as t-reordering will always expire since the PDUs with COUNT smaller than the first transmitted PDU will never be received.
In [4], company proposes that “UE set RX_DELIV to the HFN and related PDCP SN indicated by gNB. The value of HFN and related SN indicates the COUNT of the first PDU that gNB will transmit to UE”. Then we could have the following options of setting the RX_DELIV:
· Option 1: The initial value of the SN part of RX_DELIV is (x – 0.5 × 2[PDCP-SN-Size–1]) modulo (2[PDCP-SN-Size]), where x is the SN of the first received PDCP Data PDU. (RAN2#116-e meeting agreement)
· Option 2: The UE sets RX_DELIV to the HFN and related PDCP SN indicated by gNB. The value of HFN and related SN indicates the COUNT of the first PDU that gNB will transmit to UE. [4]
· Option 3: it is up to UE implementation to set the initial value of RX_DELIV to a value before RX_NEXT. [6]
Question 5: Which of the following options can be used to set the initial value of RX_DELIV to a value before RX_NEXT for multicast (i.e. delivery mode 1)?
· Option 1: The initial value of the SN part of RX_DELIV is (x – 0.5 × 2[PDCP-SN-Size–1]) modulo (2[PDCP-SN-Size]), where x is the SN of the first received PDCP Data PDU. (RAN2#116-e meeting agreement)
· Option 2: The UE sets RX_DELIV to the HFN and related PDCP SN indicated by gNB. The value of HFN and related SN indicates the COUNT of the first PDU that gNB will transmit to UE.
· Option 3: It is up to UE implementation to set the initial value of RX_DELIV to a value before RX_NEXT.
(Note: From rapporteur’s understanding, Option 2 is an addition to Option 1. Companies selecting Option 2 can also select Option 2. However Option 3 is mutually exclusive to Option 1 or 2.)
	Company
	Answer (Option 1/2/3)
	Comments

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	



Question 6: Which of the following options can be used to set the initial value of RX_DELIV to a value before RX_NEXT for broadcast (i.e. delivery mode 2)?
· Option 1: The initial value of the SN part of RX_DELIV is (x – 0.5 × 2[PDCP-SN-Size–1]) modulo (2[PDCP-SN-Size]), where x is the SN of the first received PDCP Data PDU. (RAN2#116-e meeting agreement)
· Option 2: The UE sets RX_DELIV to the HFN and related PDCP SN indicated by gNB. The value of HFN and related SN indicates the COUNT of the first PDU that gNB will transmit to UE.
· Option 3: It is up to UE implementation to set the initial value of RX_DELIV to a value before RX_NEXT.
(Note: From rapporteur’s understanding, Option 2 is an addition to Option 1. Companies selecting Option 2 can also select Option 2. However Option 3 is mutually exclusive to Option 1 or 2.)
	Company
	Answer (Option 1/2/3)
	Comments

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	




2.2	RLC
According to the discussion on the RLC state variables, RAN2 made the following agreements:
	RAN2#115-e meeting agreements:
Initialize the PTM RLC entity for an MRB configuration, the value of RX_Next_Highest and RX_Next_Reassembly are set according to the SN of the first received packet containing an SN.
RLC state variables of PTP RLC reception window can be set to initial value, i.e. 0, due to MRB configuration.


	RAN2#116-e meeting agreements:
for multicast PTM, the RX_Next_Highest is initially set to the SN of the first received UMD PDU containing an SN
for multicast PTM, the initial value of RX_Next_Reassembly is set to a value before the RX_Next_Highest.



According to [6], company proposes that it is up to UE implementation to set the initial value of RX_Next_Reassembly to a value before RX_Next_Highest for multicast.
Question 7: Is it up to UE implementation to set the initial value of RX_Next_Reassembly to a value before RX_Next_Highest for multicast (i.e. delivery mode 1)?
(Note: Companies providing the answer “No” are encourage to provide the solution of setting the initial value of RX_Next_Reassembly.)
	Company
	Answer (Yes/No)
	Comments

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	



According to the discussion in the RAN2#116-e meeting, for the delivery mode 1 of multicast, the initial value of RX_Next_Reassembly is set to a value before the RX_Next_Highest, and the RX_Next_Highest is initially set to the SN of the first received UMD PDU containing an SN. The initial value of the RX_Next_Reassembly and the RX_Next_Highest for the delivery mode 2 of broadcast has not been decided. According to companies’ contributions and the agreement for multicast, we could have the following options for RX_Next_Reassembly for broadcast:
· Option 1: The initial value of RX_Next_Reassembly is set to the SN of the first received UMD PDU containing an SN, i.e. same as RX_Next_Highest. [6]
· Option 2: The initial value of RX_Next_Reassembly is set to a value before the RX_Next_Highest, i.e. same as multicast.
In [6], company states that Option 1 can be used for broadcast, as there may not be out-of-order reception case,
Question 8: Which of the following options can be used to set the initial value of RX_Next_Reassembly for broadcast (i.e. delivery mode 2)?
· Option 1: The initial value of RX_Next_Reassembly is set to the SN of the first received UMD PDU containing an SN, i.e. same as RX_Next_Highest. [6]
· Option 2: The initial value of RX_Next_Reassembly is set to a value before the RX_Next_Highest, i.e. same as multicast.
	Company
	Answer (Option 1 or 2)
	Comments

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	



In [6], company proposes that the initial value of RX_Next_Highest for broadcast is set to the SN of the first received UMD PDU containing an SN.
Question 9: Is the initial value of RX_Next_Highest for broadcast set to the SN of the first received UMD PDU containing an SN, i.e. same as multicast?
(Note: Companies providing the answer “No” are encourage to provide the solution of setting the initial value of RX_Next_Highest.)
	Company
	Answer (Yes/No)
	Comments

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	




3.	Phase 2
TBD…
4.	Summary
TBD…
Phase 1 summary:
TBD…
[bookmark: _GoBack]
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