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1. Introduction
RAN2#113-e progressed on the L2 architecture design with the following agreement [1], based on the email discussion “[AT113-e][038][MBS] UP architecture decisions (Chairman)” [2]: 

	· For the case that both PTM and PTP are RLC-UM, configuration with No L2 ARQ and with PDCP anchored PTM – PTP switching shall be supported (e.g. for services that would typically be configured with RLC UM for unicast).


In our understanding, L2 reliability has not been guaranteed with the agreement, since it only relies on RLC-UM for both PTP-leg and PTM-leg. So, in this contribution, the possible solutions for L2 reliability are discussed. 

2. Discussion 
2.1.1. Backgrounds 
The agreement in RAN2#113-e [1] can be depicted as in Figure 1 below, which is similar to the existing split bearer architecture [3]. 
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Figure 1  PDCP-anchored PTM RLC-UM / PTP RLC-UM switch (based on the agreement [2])
The agreement clearly stated “both PTM and PTP are RLC-UM, configuration with No L2 ARQ” [1], which means no RLC-AM nor PDCP retransmission in current architecture. Obviously, this architecture cannot contribute to improvement of L2 reliability. So, a reliable multicast session can be only provided by PTP with RLC-AM (i.e., it cannot be done with no “split bearer” architecture above). It means nothing is improved from legacy unicast transmissions, especially in terms of spectral efficiency. Therefore, RAN2 should introduce some mechanism(s) for L2 reliability improvement, based on Proposal 2 from the email discussion below [2]: 
	For A. there seems to be the following options on the table: 

A1. No L2 ARQ for PTM

A2. L2 ARQ by PDCP for PTM 

A3. L2 ARQ by RLC-AM for PTM

For B. There seems to be the following options on the table: 

B1. PDCP anchored PTM/PTP switch

B2. RLC anchored PTM/PTP Switch

	Proposal 2: Discuss whether to support any of: 
- A1+B1 for PTM RLC-UM + PTP RLC-AM, possibly with some kind of data recovery in the switching procedure. 

- A2+B1 for PTM RLC-UM + PTP RLC-AM

- A3+B2(+B1) For PTM RLC-AM + PTP RLC-AM


Observation 1 At this point, a reliable multicast session cannot be configured with the current agreed PTM-PTP “split bearer” architecture, i.e., PDCP-anchored, RLC-UM and no L2 ARQ, but only provided by PTP with RLC-AM, i.e., single RLC, due to L2 reliability constraint. 
Proposal 1 RAN2 should introduce additional mechanism(s) for L2 reliability improvement. 
2.1.2. A1+B1 for PTM RLC-UM + PTP RLC-AM, possibly with some kind of data recovery in the switching procedure 
This option can be interpreted as in Figure 2 below. 
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Figure 2  Example of A1+B1 for PTM RLC-UM + PTP RLC-AM
The idea could be considered that L2 reliability is guaranteed only by PTP-leg, so for example, the data reception is switched from PTM-leg to PTP-leg when the radio condition becomes worse. In other words, PTM-leg can be used only when the radio condition is good and stable. 
Observation 2 For A1 + B1 option, L2 reliability can be guaranteed by PTP-leg, while PTM-leg may be used only when the radio condition is good and stable. 
It would be assumed that this option can reuse the existing RLC functionality [4], i.e., AM mode for PTP-leg and UM mode for PTM-leg, so the impact is limited within PDCP layer. 
Observation 3 For A1 + B1 option, PDCP specification will be impacted, while RLC specification is expected not to be impacted. 
As implied in the option name, i.e., “some kind of data recovery in the switching procedure” [2], it would be assumed that it’s based on the current PDCP status report [5] which is transmitted during the switching procedure. It may be obvious that PDCP status report can be transmitted via PTP-leg, not PTM-leg. 

In the current PDCP specification [5], the receiving PDCP entity triggers a PDCP status report as follows: 
	For AM DRBs configured by upper layers to send a PDCP status report in the uplink (statusReportRequired in TS 38.331 [3]), the receiving PDCP entity shall trigger a PDCP status report when:

-
upper layer requests a PDCP entity re-establishment;

-
upper layer requests a PDCP data recovery;

-
upper layer requests a uplink data switching;

-
upper layer reconfigures the PDCP entity to release DAPS and daps-SourceRelease is configured in TS 38.331 [3].


Regarding the first condition, i.e., “upper layer requests a PDCP entity re-establishment”, the PDCP entity for MRB (Multicast Radio Bearer) cannot be re-established easily, since the single PDCP entity in the gNB is established with multiple UEs regardless of whether it’s associated with PTP-leg or PTM-leg, as discussed in [6]

 REF _Ref65766397 \w \h 
[7]. 
Regarding the second condition, i.e., “upper layer requests a PDCP data recovery”, it’s associated with PDCP data recovery procedure which is related to the uplink retransmission [5] during e.g., handover. So, it’s not the case for NR MBS since it only has the downlink data transmission. 

Regarding the third and forth conditions, i.e., “upper layer requests a uplink data switching” and “upper layer reconfigures the PDCP entity to release DAPS and daps-SourceRelease is configured”, these are related to DAPS handover [5]. So, these are not used for PTM/PTP switching. 
Based on above observations, the existing conditions cannot be used for data recovery during PTM/PTP switching. Therefore, a new triggering condition would be needed to transmit PDCP status report. The new triggering condition may be not exactly at switching, but at the first packet received via the activated leg, e.g., PTP-leg in case of PTM(PTP switching, as discussed in [7]

 REF _Ref64885834 \w \h 
[8]

 REF _Ref64900852 \w \h 
[9]. 
Observation 4 For A1 + B1 option, a new triggering condition may be needed to transmit PDCP status report (or a new PDCP Control PDU for feedback) during PTM/PTP switching. 
The PDCP status report consists of FMC which indicates First Missing COUNT, and Bitmap which optionally indicates by each the bit position whether the following PDCP SDUs are correctly received or missing [5]. It could be simply reused for this option in our understanding, but it’s not precluded to introduce a new PDCP Control PDU for the feedback, if any, at this point. 
Observation 5 For A1 + B1 option, the format of existing PDCP status report may be reused. 
2.1.3. A2+B1 for PTM RLC-UM + PTP RLC-AM 
This option can be interpreted as in Figure 3 below. 
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Figure 3  Example of A2+B1 for PTM RLC-UM + PTP RLC-AM
The idea could be considered that either PTM-leg or PTP-leg is used to compensate the missing packets from PTM-leg. It can enable to use PTM-leg even when the radio condition is relatively bad or unstable, which offers better spectral efficiency compared to A1 + B1 option above. 

Observation 6 For A2 + B1 option, L2 reliability can be guaranteed by PTP-leg assistance, so PTM-leg may be used even when the radio condition is relatively bad and unstable. 
As same with A1 + B1 option above, this option is expected not to impact RLC layer, so the specification impact would be limited within PDCP layer. 
Observation 7 For A2 + B1 option, PDCP specification will be impacted, while RLC specification is expected not to be impacted. 
A2 intended “L2 ARQ by PDCP for PTM” [2] as depicted in Figure 3, while the existing ARQ function is located in RLC layer [4] but not in PDCP layer [5]. So, it’s obvious that PDCP specification needs a new ARQ function. 

Observation 8 For A2 + B1 option, a new ARQ function needs to be specified in PDCP layer. 
It could be considered that it’s the baseline ARQ functionality in RLC specification, e.g., section 5.3 for procedures and 6.2.2.5 for STATUS PDU format in [4]. It’s ACK/NACK type of ARQ mechanism, whereby the feedback is sent via STATUS PDU. 
In the current RLC specification [4], STATUS PDU is triggered by the two conditions as follows: 
	An AM RLC entity sends STATUS PDUs to its peer AM RLC entity in order to provide positive and/or negative acknowledgements of RLC SDUs (or portions of them).
Triggers to initiate STATUS reporting include:
-
Polling from its peer AM RLC entity:

[…]
-
Detection of reception failure of an AMD PDU

[…]


Regarding the first condition, i.e., “Polling from its peer AM RLC entity”, it could be reused as the gNB may send Polling to one or multiple UEs, but it may need to add the polling bit (P) field in PDCP Data PDU. 
Regarding the second condition, i.e., “Detection of reception failure of an AMD PDU”, the concept may be reused as the UE may somehow detect the reception failure in PDCP. Currently, it’s detected in RLC when t-Reassembly expires [4], but it may need a discussion on how to detect the reception failure in PDCP. 

In case the RLC ARQ mechanism is reused, it’s expected the same optimization with A3 + B2 option below, e.g., additional condition to force the receiving window to move [10], if any. 
Observation 9 For A2 + B1 option, RLC ARQ mechanism including the format of STATUS PDU can be a baseline for PDCP ARQ, but the details will need to be modified, e.g., how to detect the reception failure. 
As another possibility, a bland-new ARQ mechanism could be considered, which may be seen as a kind of NACK-only ARQ mechanism. In this case, the current PDCP status report may be the baseline, assuming only FMC is reported [5]. As similar to A1 + B1 option above, a new triggering condition will be needed for PDCP status report (or a new PDCP Control PDU), and also as similar to RLC ARQ baseline above, it needs to discuss on how to detect the reception failure and/or how to manage the reception window, if introduced. 
Observation 10 For A2 + B1 option, PDCP status report (or a new PDCP Control PDU for feedback) can be another baseline for PDCP ARQ, but a new triggering condition and related behaviour may need to be specified, e.g., how to detect the reception failure and/or how to manage the receiving window. 
2.1.4. A3+B2(+B1) for PTM RLC-AM + PTP RLC-AM 
This option can be interpreted as in Figure 4 below. 
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Figure 4  Example of A3+B2(+B1) For PTM RLC-AM + PTP RLC-AM
Similar to A2 + B1 option above, the idea could be considered that either PTM-leg or PTP-leg is used to compensate the missing packets from PTM-leg. It can enable to use PTM-leg even when the radio condition is relatively bad or unstable, which offers better spectral efficiency compared to A1 + B1 option above. In addition, the retransmissions can be performed per-RLC segment, which is different from A2 + B1 option above that performs per-PDCP SDU retransmissions. So, this option could be considered as the best performance among the candidate options in terms of spectral efficiency. 
Observation 11 For A3 + B2 option, L2 reliability can be guaranteed by PTP-leg assistance, so PTM-leg may be used even when the radio condition is relatively bad and unstable. 
Observation 12 For A3 + B2 option, the retransmissions can be performed per-RLC segment. 
Different from the other options, PTP-leg and PTM-leg are anchored at RLC layer. So, this option is basically no impact to PDCP specification, but it depends on whether A1 + B1 option above is used with this option, i.e., the same impact could be foreseen in PDCP specification in this case. 
Observation 13 For A3 + B2 option, PDCP specification is not expected to be impacted, but it depends on whether the other option is used together. 
It could be considered the major impacts are introduced in RLC specification. However, at least for ARQ, it’s expected no (or minor) impact since it mainly relies on gNB implementations as pointed out in [10]

 REF _Ref65779228 \w \h 
[11]. Actually, it may be even possible to reuse the existing ARQ as it is [4], since there is no problem in the receiving window if all the UEs can receive all the missing RLC PDUs in time at the end. It may be assumed since the retransmissions can be performed over PTP-leg in addition to PTM-leg, whereby PTP-leg can be considered reliable enough as it’s the basic assumption of the other options related to B1 [2]. Though, some of new conditions to force the receiving window (RX_Next) to move is suggested in [10] for some error cases, if any. 
Observation 14 For A3 + B2 option, RLC specification is expected no (or minor) impact. 
2.1.5. Summary 
The observations above are summarized in Table 1. 
Table 1  Summary of possible options for L2 reliability
	
	A1+B1 
for PTM RLC-UM + PTP RLC-AM, possibly with some kind of data recovery in the switching procedure
	A2+B1 
for PTM RLC-UM + PTP RLC-AM
	A3+B2(+B1) 
for PTM RLC-AM + PTP RLC-AM

	L2 reliability
	High 😊
	High 😊
	High 😊

	Spectral efficiency
	Low ☹
	Middle 😐
· ReTx per PDCP SDU
	High 😊
· ReTx per RLC segment

	PDCP 
specification impact
	Minor impact 😊
· New trigger condition
	Major impact ☹
· New ARQ function
	No impact (if w/o +B1) 😊

	RLC 
specification impact
	No impact 😊
	No impact 😊
	No or minor impact 😊
· New receiving window operation, if any


It’s obvious A2 + B1 option has less benefit compared to the other option, i.e., A1 + B1 option and A3 + B2 option. A3 + B2 option can be seen as the best approach, while RAN2 had “Working assumption: RLC-AM for PTM is not supported (can be revisited but it means that proponents of RLC-AM for PTM need to demonstrate the need, to change this).” [12], which should be revisited from the technical reason point of view. 
Proposal 2 RAN2 should agree to introduce A1 + B1 (i.e., PDCP-anchored and data recovery during switching) and/or A3 + B2 (i.e., RLC-anchored and RLC AM for PTM). 
3. Conclusion 
In this contribution, the possible solutions for L2 reliability improvement are discussed based on the current RAN2 agreements and companies’ inputs.  RAN2 is kindly asked to take into account the observations and proposals below: 
Observation 1
At this point, a reliable multicast session cannot be configured with the current agreed PTM-PTP “split bearer” architecture, i.e., PDCP-anchored, RLC-UM and no L2 ARQ, but only provided by PTP with RLC-AM, i.e., single RLC, due to L2 reliability constraint.
Proposal 1
RAN2 should introduce additional mechanism(s) for L2 reliability improvement.
Observation 2
For A1 + B1 option, L2 reliability can be guaranteed by PTP-leg, while PTM-leg may be used only when the radio condition is good and stable.
Observation 3
For A1 + B1 option, PDCP specification will be impacted, while RLC specification is expected not to be impacted.
Observation 4
For A1 + B1 option, a new triggering condition may be needed to transmit PDCP status report (or a new PDCP Control PDU for feedback) during PTM/PTP switching.
Observation 5
For A1 + B1 option, the format of existing PDCP status report may be reused.
Observation 6
For A2 + B1 option, L2 reliability can be guaranteed by PTP-leg assistance, so PTM-leg may be used even when the radio condition is relatively bad and unstable.
Observation 7
For A2 + B1 option, PDCP specification will be impacted, while RLC specification is expected not to be impacted.
Observation 8
For A2 + B1 option, a new ARQ function needs to be specified in PDCP layer.
Observation 9
For A2 + B1 option, RLC ARQ mechanism including the format of STATUS PDU can be a baseline for PDCP ARQ, but the details will need to be modified, e.g., how to detect the reception failure.
Observation 10
For A2 + B1 option, PDCP status report (or a new PDCP Control PDU for feedback) can be another baseline for PDCP ARQ, but a new triggering condition and related behaviour may need to be specified, e.g., how to detect the reception failure and/or how to manage the receiving window.
Observation 11
For A3 + B2 option, L2 reliability can be guaranteed by PTP-leg assistance, so PTM-leg may be used even when the radio condition is relatively bad and unstable.
Observation 12
For A3 + B2 option, the retransmissions can be performed per-RLC segment.
Observation 13
For A3 + B2 option, PDCP specification is not expected to be impacted, but it depends on whether the other option is used together.
Observation 14
For A3 + B2 option, RLC specification is expected no (or minor) impact.
Proposal 2
RAN2 should agree to introduce A1 + B1 (i.e., PDCP-anchored and data recovery during switching) and/or A3 + B2 (i.e., RLC-anchored and RLC AM for PTM).
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