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1. Discussion 

In this paper, the support of RLC AM for NR Multicast PTM radio bearer and how to support RLC AM operation for PTM radio bearer will be discussed. In papers [5] and [6], multicast radio bearer L2 architecture aspects are discussed.
2.1 Need for RLC AM mode operation for PTM
NR Multicast system will support a wide range of services or applications considering a various range of QoS requirements. From SA2 TR 23.757[2], clause 8.4, Key Issue #4 specifies that 


The 5G QoS model and parameters as defined in TS 23.501 [2] clause 5.7 also apply to MBS service with the following differences:
-
Reflective QoS is not applicable;

-
Wireline access network specific 5G QoS parameters do not apply to MBS services;

-
Alternative QoS Profile is not applicable;

-
QoS Notification Control is not applicable;

-
UE AMBR is not applicable.
-    Session-AMBR if provided is enforced at MB-UPF but not communicated to NG-RAN.

This means QoS requirements are same whether gNB delivers Multicast data either by using PTM or PTP mode.
Observation 1. NR multicast service must support wide range of services requiring various QoS reliability range. 

Observation 2. Same QoS requirements apply whether a multicast service is delivered either by PTM or PTP mode.  

Some applications like software download, file download, high reliability public safety services, wireless IPTV delivery with same quality as fibre, cable TV etc. are required to support high reliability (example: reliability of 10^-6) although latency may not be key issue. However, reliability requirement would be same when these applications are delivered either by unicast PTP or multicast PTM. One of the key design goals of multicast PTM service is to provide the same level of reliability as that of unicast PTP bearer while using common radio resources for all multicast UEs to achieve always high radio resource efficiency. PTM reliability may be improved by using PHY/MAC HARQ and L2 re-transmission. 
Observation 3. One of the key design goals of multicast service is to provide the same level of reliability as unicast radio bearer while using common radio resources for all multicast UEs to always achieve high radio resource efficiency.   

In SA2 Multicast system architecture, MBSF network function is optional and any application layer (e2e) reliability transmission mechanisms like Application layer FEC or file repair do not provide efficient means to reduce the packet error rates while at the same time, packet latency in maintained below 1 second. Further details are discussed as part of email discussion [112e-071] MBS UP Performance [7]. 
Observation 4. In NR Multicast system architecture, MBSF entity is optional and any application layer based reliability transmission methods like Application layer FEC or file repair do not provide efficient means to reduce the packet error rates and at the same time, maintain packet latency below 1 second. 

For L2 re-transmissions, there are 3 alternatives suggested by various companies as part of email discussion [112e-071] MBS UP Performance [7].

· Alt1: PTM RLC AM based re-transmission

· Alt2: PDCP level re-transmission based on UE(s) PDCP level feedback

· Alt3: PDCP level re-transmission without any UE(s) explicit PDCP level feedback and assuming gNB implementation uses HARQ NACK for deciding PDCP re-transmission.
For Alt1, RLC AM needs to be enhanced to support point to multipoint (PTM) transmissions and re-transmissions. Based on the number of UEs reporting RLC level NACKs, gNB can dynamically decide whether to re-transmit an RLC PDU to one UE or a group of UEs. In order to prevent gNB side RLC AM window from stalling due to some poor radio channel condition, some additional enhancements are required for UEs repeatedly reporting RLC NACKs for a specific RLC SN.

For Alt2, PDCP PDU re-transmission based on UE provided PDCP level feedback (i.e, UE indicating which PDCP SNs are missing), there is need to implement RLC AM type of functionality at PDCP level. This solution corresponds to PDCP level switching of transmissions between PTP RLC/PTM RLC. Potential changes include new triggers (example: polling based, number of PDCP SNs missing, new t_reordering etc) for UEs to report missing PDCP SNs, modified window management similar to RLC AM to prevent loss of PDCP PDUs, and gNB to decide whether to re-transmit PDCP PDU to one UE or group of UEs depending on received feedback from UEs. This essentially means implementation of RLC AM kind of functionality at PDCP which augments undesirable PDCP complexity, adds additional overhead and provides same lower layer RLC AM functionality at a higher layer. Inspite of adding additional complexity, it does not offer any additional reliability compared to PTM RLC AM enhancement.
For Alt3, in essence it is similar to Alt2 where the key difference is that there is no UE PDCP level feedback and gNB decides whether to re-transmit a PDCP PDU (via UE specific RLC) based on whether a UE reported HARQ ACK/NACK at PHY layer. This means that based on gNB implementation, it keeps track of which HARQ ACK/NACK corresponds to which PDCP SN based on cross-layer interaction. However, key issue with this approach is that L1 HARQ feedback is not reliable, and if Group NACK based method is used, there is no way for gNB to detect which UE has sent HARQ NACK. Due to limited HARQ reliability, it is not possible to meet high QoS reliability requirements even with PDCP re-transmission based on HARQ feedback.
Observation 5. PDCP based re-transmission requires RLC AM kind of functionality at PDCP with no additional gain compared to PTM RLC AM and adds additional overhead as well.  

Considering above 3 alternatives, Alt1 – PTM RLC AM based L2 reliability more reasonable approach to provide high reliability with reasonable specification changes. 

PHY/MAC based HARQ is not always reliable because NACK feedback can be falsely interpreted as ACK due to radio channel impairments and limitations of L1 HARQ reliability are discussed as part of [112e-071] MBS UP Performance [7]. Thus, only a limited level of reliability using PHY/MAC based HARQ can be achieved. 

L2 based re-transmission is essential to support high transmission reliability requirement for many QoS flow applications. HARQ and RLC ARQ based transmission reliability are complementary to each other. HARQ alone or PTM RLC AM alone cannot meet all transmission reliability requirements and both are required to provide high reliable PTM service delivery to mimic PTP level of service delivery. 
For delay-tolerant multicast applications requiring high reliability, any additional delay introduced by RLC re-transmission should not be an issue as its main goal is to provide high reliability. The same is true for unicast RLC AM mode of operation as well.

Observation 6. PHY/MAC HARQ reliability is not sufficient to meet high transmission   QoS reliability requirements of Multicast services. 

Observation 7. Point to multipoint RLC AM re-transmission can significantly help to provide high transmission reliability when packet latency is not an issue.  

Proposal 1.   For Rel-17 NR multicast bearer, support PTM RLC AM operation for services requiring high transmission reliability QoS requirements. 
2.2 Recap of unicast RLC AM mode operation
Before we get into PTM RLC AM operation, it is worth to recap how legacy unicast NR RLC AM works. 

In the NR RLC layer, RLC AM Tx window management can be summarized as below. 

· RLC Tx operating window is [Tx_Next_ACK (lower edge of Tx Window), Tx_Next_ACK + AM_WINDOW_SIZE (Upper edge of Tx Window)].

· RLC Tx Current Sequence number, which is used to transmit the next new RLC PDU is denoted by Tx_Next.

· RLC Tx window lower edge Tx_Next_ACK will be updated only when all the RLC PDUs up to this SN are successfully acknowledged from the peer RLC entity through RLC STATUS PDU.

· If a RLC PDU from UE RLC Transmitter (i.e. for UL case) is re-transmitted up to maxRetxThreshold times, then Tx RLC entity indicates to RRC layer that max retransmission has been reached and UE declares RLF.

· If a RLC PDU from gNB RLC transmitter (i.e. for DL case) is re-transmitted for a max number of re-transmissions based on RLC STATUS PDU reported NACK_SN, then it is up to gNB implementation to handle this scenario (ex: gNB may re-configure radio bearer or release etc.).

Observation 8. RLC AM Tx Window left edge movement is always dependent on successful acknowledgement received from the RLC receiver.
Observation 9. In UL, RLC Retransmission up to maxRetxThreshold times can result in Radio Link Failure declaration. 

Observation 10. In DL, Max RLC Re-Transmissions at gNB could cause gNB to take implementation-based action (ex: RB re-configuration or connection release etc)

In NR RLC entity, RLC AM Rx window management can be summarized as below. 

· RLC Rx operating window is [Rx_Next (lower edge of Rx window), RX_Next + AM_WINDOW_SIZE (upper edge of Rx window)]

· RLC Rx state variables are updated every time an RLC SN X is received and when t-Reassembly timer expires.

· At any given instance of time, highest RLC SN (SN X) received, which falls within the operating window is used to update variable Rx_Next_Highest = X+1

· If any RLC PDUs are awaiting in the receive window due to missing earlier PDUs or earlier segments,

a. t-reassembly timer will be started for RLC SN which is corresponds to Rx_Next_Status_Trigger variable. 

b. Upon t_reassembly timer expiry (or) stop and reset, Rx_Highest_Status will be updated and Rx_Next_Status_trigger is set to current Rx_Next_Highest. 

c. upon t-reassembly timer expiry, after updating Rx_Highest_Status, receiving RLC entity sends RLC STATUS PDU including NACK_SN for missing PDUs and ACK_SN will be set to updated Rx_Highest_Status.   

d. This allows the RLC PDUs which came in during last t-reassembly time still get a chance to recover through MAC HARQ level retransmissions.

e. After the t-reassembly timer expiry, RX_Next_Status_trigger will be set to current RX_Next_Highest value, RLC STATUS report will be sent and restart the timer, if needed.

Observation 11. RLC AM receiver window left edge moves only when left edge RLC SN is successful received.

Observation 12. RLC Status report transmission is limited up to highest RLC SN received at the start of the t-reassembly timer only.

Observation 13. All the received RLC PDUs gets a minimum of t-reassembly time to recover through MAC HARQ retransmissions, which reduces premature RLC status reporting from receiver and avoids duplicate re-transmissions from RLC transmitter.

2.3 How RLC AM mode works for PTM
For NR Multicast PTM operating mode, network RLC entity acts as single transmitter and all the receiving UEs will become RLC receiving entities. When multicast RLC leg is configured in AM, gNB is expected to receive RLC status report for the same PDU user data sequence from multiple UEs. Thus, we need to define mechanisms for the transmitter (in this case the gNB) to handle RLC Tx window movement based on feedback from multiple receivers RLC status reports. 

Multiple UEs in multicast mode send RLC Status PDUs using PUSCH resources should not cause additional UL overhead compared to multiple UEs sending PTP RLC Status reports during unicast PDU data transfer procedure. Because even if any DL RLC re-transmission are performed through PTP leg, UEs are still required to send RLC Status PDU reports using PUSCH and it uses the same procedure. Even for reporting PDCP Status reporting UEs are required to use PUSCH. 
Proposal 2.   When multicast RLC is configured in AM mode, gNB is expected to receive RLC status report from multiple UEs. gNB should be able to handle RLC Tx window movement based on feedback from multiple multicast UEs’ RLC status reports.

In unicast RLC AM, Tx window left edge moves only when RLC Tx entity successfully receives ACK from RLC receiver in RLC STATUS PDU.  Similarly, for multicast, NW RLC transmitter cannot move the lower edge of the RLC AM Tx Window without receiving acknowledgement from all the receivers subscribed to multicast service. 
gNB RLC AM transmitter for PTM can perform one of the two methods to ensure RLC Tx window movement –

1.  gNB side PTM RLC entity needs to retransmit the RLC PDU with G-RNTI for multicast group, if at least one or more UEs are requesting re-transmission through RLC Status PDU. This may cause duplicate reception/decoding of retransmitted RLC SN for the UEs which are in good radio conditions and have successfully received same RLC SN earlier.

2.  gNB side PTM RLC entity needs to retransmit the RLC PDU with C-RNTI for a specific UE, for all the UEs which are requesting through RLC Status PDU.

· UE specific RLC PDU retransmission can prevent duplicate reception of same RLC PDU by UEs which have already received same RLC SN earlier.  

· It is upon gNB implementation to decide whether to re-transmit RLC PDUs in unicast or multicast manner depending on number of UEs requesting re-transmission of same RLC SN.

Proposal 3.   Based on RLC Status report received from one or more UEs, it is up to gNB implementation to decide about whether to re-transmit an RLC PDU to a specific UE using C-RNTI or for all group of UEs using G-RNTI.

Even after multiple retransmissions in the DL, either through G-RNTI or C-RNTI, there can be instances where some of the UEs are not able to successfully receive a RLC SN. This might result in PTM RLC Tx Window stall at gNB side. As a result, gNB buffer size may keep increasing due to incoming data flow from upper layers (buffer overflow can be controlled through data flow control mechanisms at gNB side). With this, one UE which is in challenging radio conditions can become bottleneck for Multicast RLC Tx window movement.

Thus, an efficient network implementation is required to allow the movement of the PTM RLC Tx Window lower edge even when not all the UEs have acknowledged the RLC Tx window left edge and it is crucial to avoid gNB RLC AM Tx window movement stall. 

Observation 14.  The gNB should be able to mitigate the stalling of the PTM RLC AM Tx Window lower edge movement when not all the UEs have acknowledged the RLC AM window left edge even after maximum number of RLC AM re-transmissions and avoid from being stuck in a loop.

To move forward with the gNB RLC Tx Window management smoothly, it is important to move the PTM RLC Tx Window lower edge with at least one of the following options.
Option A: After a maximum number of PTM RLC retransmissions (up to gNB implementation)
· In order to synchronize RLC AM window movement of gNB with all the receiving UEs, gNB has to communicate the updated lower edge of the RLC Tx window to all UEs. This can be communicated through a DL RLC Control PDU transmitted to all the UEs, where current lower edge information is communicated, e.g. periodically or on event based as implementation choice. This DL RLC Control PDU reception will help all the UEs RLC Rx windows to synchronize with gNB RLC Tx window, for new UEs entering into the cell through loss-less HO and for UEs which are joining multicast session when session is ongoing. 

Option B: After a configured amount of time (up to gNB implementation)
· For RLC Tx lower edge movement, gNB can move its lower edge after timer expiry and timer value has to accommodate max. number of re-transmission of RLC SN and some additional buffer time. 
Based on either Option A or Option B, gNB can move its RLC Tx window lower edge and Tx window lower edge has to be communicated to all UEs. Alternatively, a timer may be configured for all participating UEs, if timer expires for Rx window lower edge and if some RLC SNs > Rx_Next are received, this indicates that UE failed to receive RLC lower edge RLC SN after max. number of re-transmissions and UE can move its lower edge window. RLC Tx window lower edge information is required for preventing UE RLC Rx window stall, for the purpose of new UEs joining ongoing multicast data session and for UEs entering into the cell through loss-less HO. It may be desirable to provide gNB RLC Tx window status via DL RLC Control PDU.
Proposal 4.   gNB PTM RLC Tx entity can move its lower edge (Tx_Next_ACK) upon implementation dependent maximum number of re-transmissions or timer expiry and inform the RLC Tx window left movement to all the participating UEs through a RLC DL CONTROL PDU.
Proposal 5.   UEs Rx RLC left window can be moved upon successfully receiving RLC SN corresponding to RX_Next or upon expiration of configurable timer or upon receiving an explicit RLC control PDU indicating gNB’s RLC window left edge.
Proposal 6.   PTM RLC CONTROL PDU including RLC Tx lower edge can be transmitted by gNB to all UEs or to specific UEs. 
3. Conclusion

The present contribution ellaborated about various details how RLC AM operates in case of PTM mode and various proposals to support multicast RLC AM mode.  
Observation 1.
NR multicast service must support wide range of services requiring various QoS reliability range.
Observation 2.
Same QoS requirements apply whether a multicast service is delivered either by PTM or PTP mode.
Observation 3.
One of the key design goals of multicast service is to provide the same level of reliability as unicast radio bearer while using common radio resources for all multicast UEs to always achieve high radio resource efficiency.
Observation 4.
In NR Multicast system architecture, MBSF entity is optional and any application layer based reliability transmission methods like Application layer FEC or file repair do not provide efficient means to reduce the packet error rates and at the same time, maintain packet latency below 1 second.
Observation 5.
PDCP based re-transmission requires RLC AM kind of functionality at PDCP with no additional gain compared to PTM RLC AM and adds additional overhead as well.
Observation 6.
PHY/MAC HARQ reliability is not sufficient to meet high transmission   QoS reliability requirements of Multicast services.
Observation 7.
Point to multipoint RLC AM re-transmission can significantly help to provide high transmission reliability when packet latency is not an issue.
Observation 8.
RLC AM Tx Window left edge movement is always dependent on successful acknowledgement received from the RLC receiver.
Observation 9.
In UL, RLC Retransmission up to maxRetxThreshold times can result in Radio Link Failure declaration.
Observation 10.
In DL, Max RLC Re-Transmissions at gNB could cause gNB to take implementation-based action (ex: RB re-configuration or connection release etc)
Observation 11.
RLC AM receiver window left edge moves only when left edge RLC SN is successful received.
Observation 12.
RLC Status report transmission is limited up to highest RLC SN received at the start of the t-reassembly timer only.
Observation 13.
All the received RLC PDUs gets a minimum of t-reassembly time to recover through MAC HARQ retransmissions, which reduces premature RLC status reporting from receiver and avoids duplicate re-transmissions from RLC transmitter.
Observation 14.
The gNB should be able to mitigate the stalling of the PTM RLC AM Tx Window lower edge movement when not all the UEs have acknowledged the RLC AM window left edge even after maximum number of RLC AM re-transmissions and avoid from being stuck in a loop.


Proposal 1.
For Rel-17 NR multicast bearer, support PTM RLC AM operation for services requiring high transmission reliability QoS requirements.
Proposal 2.
When multicast RLC is configured in AM mode, gNB is expected to receive RLC status report from multiple UEs. gNB should be able to handle RLC Tx window movement based on feedback from multiple multicast UEs’ RLC status reports.
Proposal 3.
Based on RLC Status report received from one or more UEs, it is up to gNB implementation to decide about whether to re-transmit an RLC PDU to a specific UE using C-RNTI or for all group of UEs using G-RNTI.
Proposal 4.
gNB PTM RLC Tx entity can move its lower edge (Tx_Next_ACK) upon implementation dependent maximum number of re-transmissions or timer expiry and inform the RLC Tx window left movement to all the participating UEs through a RLC DL CONTROL PDU.
Proposal 5.
UEs Rx RLC left window can be moved upon successfully receiving RLC SN corresponding to RX_Next or upon expiration of configurable timer or upon receiving an explicit RLC control PDU indicating gNB’s RLC window left edge.
Proposal 6.
PTM RLC CONTROL PDU including RLC Tx lower edge can be transmitted by gNB to all UEs or to specific UEs.
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Annex: TS 38.322 NR RLC AM State Variables

The transmitting side of each AM RLC entity shall maintain the following state variables:

a) TX_Next_Ack – Acknowledgement state variable
This state variable holds the value of the SN of the next RLC SDU for which a positive acknowledgment is to be received in-sequence, and it serves as the lower edge of the transmitting window. It is initially set to 0, and is updated whenever the AM RLC entity receives a positive acknowledgment for an RLC SDU with SN = TX_Next_Ack.
b) TX_Next – Send state variable
This state variable holds the value of the SN to be assigned for the next newly generated AMD PDU. It is initially set to 0, and is updated whenever the AM RLC entity constructs an AMD PDU with SN = TX_Next and contains an RLC SDU or the last segment of a RLC SDU.

c) POLL_SN – Poll send state variable

This state variable holds the value of the highest SN of the AMD PDU among the AMD PDUs submitted to lower layer when POLL_SN is set according to sub clause 5.3.3.2. It is initially set to 0.

The transmitting side of each AM RLC entity shall maintain the following counters:

a) PDU_WITHOUT_POLL – Counter

This counter is initially set to 0. It counts the number of AMD PDUs sent since the most recent poll bit was transmitted.

b) BYTE_WITHOUT_POLL – Counter

This counter is initially set to 0. It counts the number of data bytes sent since the most recent poll bit was transmitted.

c) RETX_COUNT – Counter

This counter counts the number of retransmissions of an RLC SDU or RLC SDU segment (see clause 5.3.2). There is one RETX_COUNT counter maintained per RLC SDU.
The receiving side of each AM RLC entity shall maintain the following state variables:

a) RX_Next – Receive state variable
This state variable holds the value of the SN following the last in-sequence completely received RLC SDU, and it serves as the lower edge of the receiving window. It is initially set to 0, and is updated whenever the AM RLC entity receives an RLC SDU with SN = RX_Next.

b) RX_Next_Status_Trigger – t-Reassembly state variable
This state variable holds the value of the SN following the SN of the RLC SDU which triggered t-Reassembly.

c) RX_Highest_Status – Maximum STATUS transmit state variable
This state variable holds the highest possible value of the SN which can be indicated by "ACK_SN" when a STATUS PDU needs to be constructed. It is initially set to 0.

d) RX_Next_Highest – Highest received state variable
This state variable holds the value of the SN following the SN of the RLC SDU with the highest SN among received RLC SDUs. It is initially set to 0.
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