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1. Introduction

This paper is aimed at discussing the following topic.

· [Post111-e][904][MBS] L2 Architecture (Huawei)


Scope: L2 architecture, have proposals on the table, find potential agreements. Note that Architecture = function allocation, the aim is to understand a) what functionality we need or potentially need and b) then what protocol layer/entity houses this. 


Intended outcome: Report, preparation for decisions. 


Deadline: Long

The relevant contributions submitted to RAN2#111-e meeting are reviewed and proposals on L2 architecture/functions are summarized as below:
	Contribution Number
	Proposals on L2 architecture/functions

	R2-2007124
	Proposal 3: NR PTM transmission scheme should support the L1 A/N feedback and HARQ retransmission mechanism.

Proposal 4: The UP architecture for unicast transmission is reused for the MBMS service transmission, which includes MAC, RLC, PDCP and SDAP

	R2-2006793
	Proposal 3.
MRB will support both L1 HARQ and L2 ARQ reliability.

Proposal 4.
MRB user plane AS protocol stack includes SDAP to support Multicast QoS flow to MRB/DRB mapping. Details of SDAP is FFS.

Proposal 5.
MRB user plane AS protocol stack includes PDCP to support loss-less HO, data recovery etc. It is FFS to support RoHC and Security aspects based on SA3 decision.

Proposal 6.
FFS whether to support single PDCP associated with multicast RLC entity and unicast RLC entity to enable dynamic switching between multicast and unicast RLC legs.

Proposal 9.
If Multicast RLC entity is configured in UM, allow PDCP entity to support L2 ARQ reliability. PDCP Re-transmission can be either via Multicast RLC entity or unicast entity up to network implementation.

	R2-2006804
	Proposal 1: the SDAP, PDCP, RLC, MAC, PHY will exist for MBS service from gNB perspective no matter MBS is transmitted via PTM or PTP. The PDCP, RLC, MAC, PHY will exist for MBS service from UE perspective no matter MBS is received via PTM or PTP.

Proposal 2: the option 1 (i.e. PTM and PTP share the SDAP/PDCP/RLC/MAC) and option 2 (i.e. PTM and PTP share the SDAP/PDCP) are agreed as baseline.

Proposal 4: there is only one MAC entity shared with MBS reception and eMBB reception for simplicity.

	R2-2006952
	Proposal 2: SDAP for MBS bearer uses SDAP Data PDU format without SDAP header, SDAP Control PDU are FFS depending on solution for service continuity in mobility.

Proposal 5: RoHC and security is not supported in PDCP for PTM delivery of MBS.  Other PDCP functionality for NR MBS service, especially for reordering, duplication, SN continuity, re-establishment, etc. are FFS depending on solution for service continuity.

	R2-2007025
	Proposal 3: whether SDAP is needed or not can be decided based on SA2 inputs.
Proposal 4: PDCP sublayer is used for NR MBS, and reordering and duplicate detection are supported. 

Proposal 5: RAN2 can further discuss if RoHC is supported in PDCP for MBS.

Proposal 6: Whether security functions are supported in PDCP is subject to SA3.

	R2-2006574
	Proposal 1: specify both SDAP layer and PDCP layer over Uu interface for NR downlink multicast/broadcast transmission.

Proposal 2: Ask SA3 to understand the consideration of the security aspects for both PTM delivery mode and PTP delivery mode.

Proposal 3: When PTM RB is established to deliver Multicast/broadcast data, unidirectional mode (U-mode) ROHC can be configured for NR multicast/broadcast PDCP packets if there is no support of uplink feedback at PDCP layer.

	R2-2007442
	Proposal 15 SDAP is needed in NR MBS, functions as the mapping of QoS flows to radio bearers.

Proposal 17 For each data radio bearer that is associated with the MBS session, there is a corresponding PDCP entity and RLC entity.

Proposal 18 LS SA3 if ciphering for MBS session in access network is needed.

Proposal 19 No MAC layer multiplexing among service data from different MBS session.

	R2-2007550
	Proposal 1: Support having simplified PDCP for shared MBS bearer.

Proposal 4: Adopt RLC, MAC, PHY and SYNC functions similar to MBMS in the protocol stack for MBS.

	R2-2007672
	Proposal 10: NR PDCP is kept for PTM bearer. ROHC can be supported for MBS.

Proposal 11: If UL feedback mechanism is introduced, PDCP reordering is reused for MBS. 

Proposal 12: RLC segmentation/ re-assembly is supported for PTM bearer.

	R2-2007774
	Proposal 7
RAN2 should discuss if HARQ feedback/retransmission is useful on multicast in NR MBS, for UEs in RRC IDLE, INACTIVE and Connected.

Proposal 8
RAN2 should discuss if RLC AM mode is supported for multicast in NR MBS, at least for UEs in RRC Connected.

Proposal 9
RAN2 should discuss if PDCP layer is supported for groupcast in NR MBS, at least for UEs in RRC Connected.

	R2-2008031
	Proposal 2. A PTM radio bearer has a PDCP entity.

Proposal 3. A PTM radio bearer is configured with UM RLC.

Proposal 4. A PTP radio bearer can be configured with either UM RLC or AM RLC.

Proposal 5. A PTM radio bearer and the corresponding PTP radio bearer can be bound in the similar manner with user-plane structure for PDCP CA duplication. The PDCP entity can be associated with two RLC entities with different RLC modes.

	R2-2006794
	Proposal 3.
FFS based on SA3 multicast security discussion whether to use common PDCP entity between multicast and unicast radio bearers to enable lossless switching.

Proposal 6.
Introduce PDCP status reporting enhancements to enable dynamic switching between multicast bearer and unicast in lossless manner.

	R2-2007015
	Proposal 2: RAN2 to introduce duplication transmission of multicast and unicast to enhance the reliability of multicast transmission.

	R2-2007631
	Proposal 3
A common PDCP entity for both MRB and DRB delivering an MBS session is defined.

Proposal 4
No need for SDAP, for an MBS session, a single QoS flow is mapped to MRB/DRB.

	R2-2007026
	Proposal 2: Dynamic switch between PTP and PTM is up to the gNB and transparent to the UE, i.e. no signalling is needed.

Proposal 3: Support dynamic switch between PTP and PTM within one bearer and one PDCP entity.

	R2-2006982
	Proposal 3: RAN2 should study how to support the switching between multicast (PTM) and unicast (PTP) based on two alternatives for placement of switching function in the L2 architecture, with a switching function above PDCP and below PDCP.

	R2-2006594
	Proposal 5: Discuss whether a given UE can receive the specific MBS service via PTM and PTP over radio interface simultaneously.

Proposal 10: Discuss the necessity of functions provided by PDCP one by one and discuss the need of PDCP for MBS.

Proposal 11: Discuss whether RLC AM mode should also be supported for M

Proposal 13: Discuss whether data from different MBS traffic logical channels belonging the same MBS session could be multiplexed in MAC.

	R2-2007637
	Proposal 2: Introducing the mapping of QoS Flows of an MBS session to different MBS/ unicast radio bearers should be studied in R17.

Proposal 3: Supporting of at least one of the following PDCP reliability mechanisms; PDCP data recovery, PDCP re-establishment or loss-less switching between multicast bearers should be studied in R17.   

Proposal 4: Supporting of RLC-AM mode and RLC-TM mode by a multicast radio bearer, logical multicast traffic and/or control channels should be also studied in R17.

	R2-2006803
	Proposal 6: the UE can receive the PTM and PTP simultaneously at least in a period during MBS switching between PTP and PTM in order to improve the reliability of MBS.

	R2-2007034
	Proposal 4: The SDAP header is not configured for the MBS session.

Proposal 5: RAN2 is kindly request to discuss whether the PDCP entity is configurable for MRB or DRB.

Proposal 6: For MRB or the multicast leg of the split MRB, the RLC UM is supported.

Proposal 8: RAN2 is kindly requested to discuss whether to support lossless switching and in-order delivery when the MBS service is switched between PTM and PTP.

	R2-2007413
	Proposal 3: RAN2 should study the latency requirements of MBS services to decide which way is used to perform dynamic delivery mode switch:

-
Two protocol stacks are set in UE and network, and related resources are configured, and network could active/deactive one protocol stack via MAC CE or DCI;

-
Only one protocol stack is set in UE and network, once the network decides to switch the delivery mode, it sends RRCReconfiguration message with corresponding configurations to UE.

	R2-2007443
	Proposal 11 The protocol stacks for PTP and PTM delivery mode share the PDCP entity.

Proposal 12 For PTM delivery mode, the corresponding RLC entity is of UM mode; for PTP delivery mode, the corresponding RLC entity can be of both modes.

	R2-2007466
	Proposal 1
A Multicast Radio Bearer (MRB) is configured to UE for 5G MBS, which includes a common PDCP layer associated with one RLC entity for PTM mode (PTM RLC Bearer) and/or one RLC entity for PTP mode (PTP RLC Bearer).

Proposal 4
the SDAP entity is not needed in UE side for 5G MBS.

Proposal 7
Sequence Numbering, Routing/Duplication, Reordering and Duplicate Discard functions are needed in PDCP layer.

Proposal 8
It is assumed that ROCH is not supported for 5G MBS.

Proposal 9
Whether security function (ciphering and/or integrity protection) is needed and whether same security function is used for PTM and PTP modes is pending to SA3.

Proposal 10
RLC AM mode does not apply to PTM RLC bearer. RLC AM mode is supported for PTP RLC bearer.

Proposal 11
Multiplexing for 5G MBS services should be supported.

Proposal 12
How to support HARQ feedback and retransmission is pending to RAN1 discussion.

	R2-2007551
	Proposal 2: Discuss and consider dual PTP/PTM protocol stack pre-configuration for fast dynamic PTP/PTM switch.

	R2-2007633
	Proposal 2
HARQ feedback and corresponding retransmissions are supported.

	R2-2008032
	Proposal 1. RAN2 discuss the transmission of the uplink feedback using a layer 2 signaling.

	R2-2006596
	Proposal 3: In the scenario of multicast only, HARQ retransmission can be considered and the feedback/retransmission mechanism should be decided in RAN1 mostly.

	R2-2007415
	Proposal 4: It is preferred to utilize the HARQ feedback and CSI reporting to realize the link adaptation and improve the reliability, especially for the UE in the cell edge.

	R2-2006576
	Proposal 1: specify HARQ feedback from UE to network to enable reliable NR multicast transmission.

Proposal 2: specify RLC layer feedback from UE to network to enable reliable NR multicast transmission.

Proposal 3: support higher layer signalling to indicate the resource assignment for uplink HARQ feedback from UE to network.

Proposal 4: specify a separate RLC channel for transmission of uplink feedback from UE to network to support reliable NR multicast transmission.

	R2-2008062
	Proposal 1. RLC AM is not supported for MBS.

Proposal 2. Whether and how to support HARQ retransmission is up to RAN1.

	R2-2007028
	Proposal 1: HARQ feedback and retransmission should be discussed in RAN1 first, and RAN2 can discuss the support of PDCP feedback for NR MBS.

	R2-2007445
	Proposal 6: NR MRB for PTM delivery mode should be configured with RLC UM mode.

Proposal 7: NR MRB for PTP delivery mode could be configured with RLC UM or RLC AM.

Proposal 8: To improve the reliability of NR broadcast/multicast services, HARQ feedback should be supported for NR MBS.


The following discussions are conducted in accordance with the agreed scope and the above contributions.
2. Discussion
2.1 NR L2 architecture overview

According to TS 38.300, the overall NR L2 protocol architecture is illustrated as below:
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Figure: User Plane Protocol Stack
According to TS 37.324 and TS 38.32x series, the functions of each L2 sublayer are listed as below:

 SDAP Sublayer:

-
transfer of user plane data;

-
mapping between a QoS flow and a DRB for both DL and UL;

-
mapping between a PC5 QoS flow and a SL-DRB for NR SL communication;

-
marking QoS flow ID in both DL and UL packets;

-
marking PC5 QoS flow ID in unicast of NR SL communication packets;

-
reflective QoS flow to DRB mapping for the UL SDAP data PDUs.

PDCP Sublayer:

-
transfer of data (user plane or control plane);

-
maintenance of PDCP SNs;

-
header compression and decompression using the ROHC protocol;

-
header compression and decompression using the EHC protocol;

-
ciphering and deciphering;

-
integrity protection and integrity verification;
-
timer based SDU discard;

-
for split bearers and DAPS bearer, routing;

-
duplication;

-
reordering and in-order delivery;

-
out-of-order delivery;

-
duplicate discarding.

-
feedback and retransmission (which has not been listed in sub-clause 4.4 of TS 38.323).

RLC Sublayer:

-
transfer of upper layer PDUs;
-
error correction through ARQ (only for AM data transfer);

-
segmentation and reassembly of RLC SDUs (only for UM and AM data transfer);

-
re-segmentation of RLC SDU segments (only for AM data transfer);

-
duplicate detection (only for AM data transfer);

-
RLC SDU discard (only for UM and AM data transfer);

-
RLC re-establishment;

-
Protocol error detection (only for AM data transfer).
MAC Sublayer
-
mapping between logical channels and transport channels;

-
multiplexing of MAC SDUs from one or different logical channels onto transport blocks (TB) to be delivered to the physical layer on transport channels;

-
demultiplexing of MAC SDUs to one or different logical channels from transport blocks (TB) delivered from the physical layer on transport channels;

-
scheduling information reporting;

-
error correction through HARQ;

-
logical channel prioritisation;

-
priority handling between overlapping resources of one UE;
-
radio resource selection.
For NR unicast transmission, the above functions of each sublayer are more or less useful at least in some cases. For NR MBS transmission, however, the legacy functions may not be totally applicable, which is the focus of this email discussion. In the following sections, companies are invited to give their opinions on what functions to layout for MBS transmission and which sublayer to accommodate the functions. After these two issues are settled, the L2 architecture will be almost in shape. 

2.2 L2 functions for MBS

2.2.1 SDAP functions

· Mapping from QoS flows to radio bearers

This function is responsible for mapping QoS flows from CN to multicast radio bearer in RAN. Although QoS modelling for MBS should be finally concluded by SA2, RAN3 has made the following working assumptions:

	Working Assumptions (by RAN3)：
· One or more QoS flows may be used within a single MBS session.

· Each MB QoS flow belongs to one MBS Session.

· Each MB QoS flow is associated with a QoS profile.

· NR MBS supports both GBR and non-GBR QoS.

· One Shared NG-U tunnel is used per MBS session.

For multicast, same QoS requirements are applicable regardless of whether PtP or PtM is selected by NG-RAN.


RAN2 can further discuss this issue based on the working assumption that the QoS flow concept will be reused for NR MBS. Companies are invited to give answers to the following question:
Q1: Do companies agree that the function of mapping from QoS flows to MBS RBs in SDAP is needed for NR MBS?

	Company
	Answer
	Comments

	MediaTek
	Yes
	We prefer to reuse the legacy unicast approach as much as possible

	Lenovo, Motorola Mobility
	Yes
	For downlink, when receiving data of a 5G MBS session from core network, the gNB still needs to perform the QoS flows to DRB mapping in SDAP layer. The same principle of unicast service should be applied to 5G MBS.

The SDAP header may not be needed for 5G MBS.

	OPPO
	Yes 
	Due to the agreements made in RAN3, i.e. One or more QoS flows may be used within a single MBS session, we think the SDAP is necessary for Qos flow to DRB mapping purpose in gNB side.

The SDAP header may be not needed due to no UL data.

The SDAP layer is not needed in UE side.

	ZTE
	Yes
	We suggest following the design in NR unicast and NR V2X (for Broadcast, Groupcast and Unicast) for the QoS model with SDAP mapping QoS flow(s) to radio bearer(s).

Let's make it a working assumption for NR MBS and see what SA2 has to offer in QoS model.

	NEC
	Yes, with additional comment
	We agree with the above SDAP functions of mapping from QoS flow to MBS RB, but given the QoS flow of the shared NG-U tunnel is mapped to RB, the reflective QoS is not needed for MBS scenario, so the SDAP header is not needed for MBS.

It should be noted that it is FFS whether SDAP control PDU is needed for MBS.  

	Samsung
	Yes
	gNB should be responsible for mapping from QF to MBS RB.

Reflective QoS is not necessary for MBS, so SDAP header is not necessary.

	Kyocera
	Yes, if SA2 decides
	We think it’s reasonable to reuse the existing function in SDAP, if SA2 decides QoS flow for MBS. 

	QC
	Yes 
	In DL, for a given shared MBS session carrying multiple MB QoS flows need to be mapped to either PTP/PTM bearer in SDAP sublayer. However, since there is no UL data, there is no need of AS reflective QoS and no need of SDAP header.

	CATT
	Yes
	As there may be one or more QoS flows within one MBS session according to working assumption by RAN3, mapping from QoS flows to MBS RBs in downlink should be supported in SDAP

Besides this function may only be needed on NG-RAN side, and no SDAP header is needed for MBS.


· Other SDAP functions

There are some other functions in SDAP as listed in section 2.1. Of course, “transfer of user plane data” should be naturally supported if SDAP sublayer is concluded to be needed. Companies are invited to provide views on whether any other functions in SDAP (other than mapping from QoS flows to radio bearers and transfer of user plane data) are needed for NR MBS.
Q2: Do companies think that any functions in SDAP other than “mapping from QoS flows to radio bearers” and “transfer of user plane data” are needed for NR MBS?

	Company
	Answer
	Comments

	MediaTek
	Yes for part of them
	The rest SDAP functions other than “mapping from QoS flows to radio bearers” and “transfer of user plane data” are the followings:
 -
marking QoS flow ID in both DL and UL packets;
-
reflective QoS flow to DRB mapping for the UL SDAP data PDUs.
We see the need to have the function of  “marking QoS flow ID in DL packets” but there is no need to take “reflective QoS flow to DRB mapping for the UL SDAP data PDUs” due to lack of the UL data flow

	Lenovo, Motorola Mobility
	See comments
	The functionality of
mapping between a QoS flow and a DRB for downlink is needed.

Since there is no uplink 5G MBS traffic, the following functionalities may not be needed:

-
mapping between a QoS flow and a DRB for UL;

-
marking QoS flow ID in both DL and UL packets;

-
reflective QoS flow to DRB mapping for the UL SDAP data PDUs.
whether to support QoS flows to DRB remapping is to be discussed. To reduce the standard effort, it can be assumed that QoS flows to DRB remapping is not supported for 5G MBS.

	OPPO
	No 
	

	ZTE
	No
	There are other two functions in SDAP sublayer: Reflective QoS, and QoS flow remapping.

- Reflective QoS is definitely not needed for downlink only MBS.

- QoS flow remapping can be done by network implementation without relying on SDAP header of QFI, as in NR V2X Groupcast/Broadcast. 

Therefore, the answer is no for Q2 from spec impacts perspective.

	Samsung
	Yes
	Agree with Lenovo

	Kyocera
	No
	We assume MBS data is conveyed on “Data PDU without SDAP header” as specified in section 6.2.2.1 of TS37.324. 

	QC
	No
	No need for Reflective QoS, No need of DL header.  As there is no UL data, there is no need of any of UL SDAP functions.

Like ZTE mentioned, it should be allowed to re-mapping of DL QoS flow to radio bearers as NW implementation. 

	CATT
	No
	All the other functions are used for uplink. They are not needed as there is only downlink data on MRB.


2.2.2 PDCP functions

· Security

Security function includes ciphering/deciphering and integrity protection/ verification. Note that security function is very much related to the parallel discussion in SA3 under their study on security aspects of 5G multicast-broadcast services. RAN2 discussion on security may need to wait for SA3 progress first. Based on the information, companies are invited to give answers to the following questions:
Q3a: Do companies agree that RAN2 discussion on security function should wait for SA3 progress first?

	Company
	Answer
	Comments

	MediaTek
	Yes 
	SA3 input helps 

	Lenovo, Motorola Mobility
	Yes
	We agree with waiting for SA3 progress first. Whether security function (ciphering and/or integrity protection) is needed and whether same security function is used for PTM and PTP modes depends on SA3’s progress. 


	OPPO
	Yes 
	We can wait for SA3’s inputs.



	ZTE
	Yes
	Yes. The decision on whether ciphering in the air interface is needed is up to SA3. LS to SA3 as companies suggested in RAN2 #111e can be sent out asap.

	NEC
	Yes 
	We can wait for SA3’s inputs.

	Samsung
	Yes
	

	Kyocera
	Yes
	We agree with the rapporteur’s view. 

	QC
	Yes
	Wait for SA3 progress. We need to understand whether same or different security need to be used for PTM and PTP cases if independent PDCP used?

	CATT
	Yes
	We should wait for SA3’s decision on whether the security function will be located in RAN


Q3b: If the answer to Q3a is no, what can be discussed in RAN2 before inputs from SA3?

	Company
	Comments

	
	

	
	

	
	


· Header compression/decompression

In UMTS and LTE, the header compression/decompression function is supported for MBMS data in BM-SC. This function is especially efficient for voice traffic involved in mission critical services. Based on the information, companies are invited to give answers to the following questions:

Q4a: Do companies agree that the header compression/decompression function is needed for NR MBS?

	Company
	Answer
	Comments

	MediaTek
	Yes
	RoHC should be always supported for IP packets over the air and one further discussion can be which RoHC mode should be selected for the DL MBS traffic.  

	Lenovo, Motorola Mobility
	FFS
	It is clear that ROHC is beneficial for header compression of small data as VoIP. However, there may be no UL feedback, and only unidirectional mode can be used. The other way is to introduce UL feedback to support more RoHC modes e.g. Bi-directional RoHC mode.

Furthermore, the potential support of header compression/decompression in RAN also depends on the outcome of SA2’s architecture enhancements for MBS. If it will be supported in core network, then there is no need to duplicate the function in RAN.

	OPPO
	Yes 
	The ROHC is beneficial for small IP data. For MBS, we can discuss whether it is necessary for MBS data.

The header compression/decompression function is supported for MBMS data in BM-SC and ROHC is supported for unicsst/multicast/broadcast in V2X.

So it seems it is reasonable to support header compression/decompression function.

	ZTE
	Yes
	Uni-directional ROHC can be at least considered.

	NEC
	Yes, it can be configurable
	In LTE MBMS, there is no PDCP entity at all, namely ROHC is not supported. And it is quite clear that ROHC is usually used for IP packets compression. Given the diversity of NR MBMS service, we think it should be configurable by the network whether this MBS service is supportive for ROHC.

	Samsung
	Yes
	ROHC is useful for small-sized IP packet. It should be one of major use cases of NR MBS.

	Kyocera
	Yes
	We think the header (de)compression is still useful for NR MBS. 

	QC
	Yes
	May be unidirectional DL only ROHC as optional can be considered as baseline function. FFS whether to support ROHC feedback or not ?

	CATT
	Yes but
	ROHC is efficient for services like voice call, Maybe we could limit the discussion on whether to support bidirectional mode ROHC as ROHC in unidirectional mode is not efficient and may result in additional delay.

For MBS services received in connected mode only, Bidirectional mode is possible as UL feedback channel could exists, so ROHC could be supported for service received in connected only.


Q4b: If the answer to Q4a is yes, companies are further invited to give opinions on which sublayer/entity (e.g. PDCP or an entity in CN) to accommodate this function.

	Company
	Answer (e.g. PDCP or an entity in CN)
	Comments

	MediaTek
	PDCP
	PDCP should be the choice considering that the PTP may be used for the transmission over the air for MBS RB. 

	Lenovo, Motorola Mobility
	PDCP
	If header compression/decompression in RAN is needed, then PDCP is the entity which is responsible for RoHC of Uu interface.



	OPPO
	PDCP
	If the PDCP is supported in MBS, and ROHC is in PDCP. So, it is reasonable to support ROGC in PDCP.

	ZTE
	PDCP
	Current design of PDCP just works.

	NEC
	PDCP
	CN makes no sense. 

	Samsung
	PDCP
	We do not need BM-SC-like entity only for ROHC.

PDCP seems to be necessary for reordering function. We can just reuse PDCP similar to Uu ROHC. 

	Kyocera
	PDCP
	We think RAN2 should consider the case where the UEs late joins the MBS session. We assume to take RoHC as baseline for header (de)compression. 

	QC
	PDCP
	

	CATT
	PDCP
	It is natural for ROHC to be located in PDCP.


· Reordering and in-order delivery

This function is to guarantee that packets are delivered to upper layer in the right order. Companies are invited to give answers to the following question:
Q5: Do companies agree that the reordering and in-order delivery function in PDCP is needed for NR MBS?

	Company
	Answer
	Comments

	MediaTek
	Yes
	The need of reordering and in-order delivery function in PDCP for MBS RB is the same as for legacy unicast based transmission 

	Lenovo, Motorola Mobility
	Yes
	In-order delivery is important for TCP based traffic. 5G MBS supports high reliability, in-order delivery should be supported in PDCP.  

And considering the service continuity during mobility and during dynamic switching between PTM and PTP, re-ordering and in-order delivery function in PDCP is needed.

	OPPO
	Yes 
	NR RLC may not deliver data in order; it is different from LTE RLC (e.g UM mode RLC). The NR PDCP reordering function and in order delivery function are necessary.

	ZTE
	Yes 
	Considering the diverse scenarios/requirements of NR MBS, in-order delivery shall be supported first. 

	NEC
	Yes, but configurable
	We agree all the scenarios supportive for in-order delivery and reordering. But we believe there are still some delay sensitive scenarios for out-of-order delivery. So we think it should be like unicast, in-order delivery and reordering is configurable. 

	Samsung
	Yes
	Since HARQ feedback was agreed to introduce, in-order delivery is essential.

	Kyocera
	Yes
	We think the reordering/in-order delivery is needed at least for dynamic PTM PTP switch. 

	QC
	Yes
	Same view as Lenovo. Like unicast both in-order and out of order delivery to be supported based on configuration choice.

	CATT
	Yes
	Reordering function is necessary for services like TCP applications. So in-order delivery is needed at least for normal PTM transmission. And FFS for dynamic PTM/PTP switch.

Both in-order delivery and out of order delivery should be supported.




· PDCP feedback (i.e. status reporting) and retransmission 

According to the WID [1], reliability is a significant requirement for NR MBS and reliability can be achieved via feedback and retransmission. Traditional feedback and retransmission mechanisms consist of: HARQ, ARQ and PDCP status reporting. During the 111-e meeting, it is agreed that HARQ is up to RAN1. Based on the information, companies are invited to give answers to the following question:
Q6: Do companies think that PDCP feedback and retransmission mechanism is needed for NR MBS?

	Company
	Answer
	Comments

	MediaTek
	Yes
	The feedback and retransmission mechanism should be support in either RLC layer or PDPC layer  other than HARQ layer feedback and retransmission 

	Lenovo, Motorola Mobility
	Yes
	PDCP status reporting is needed at least for mobility case. Whether enhancements of PDCP status reporting for PTP and PTM switching needs further discussion.

	OPPO
	Yes 
	Considering the MBS mobility and dynamic switching between PTP and PTM, the PDCP feedback and retransmission mechanisms are needed for NR MBS.

	ZTE
	Yes
	PDCP SR is already there or will be beneficial in cases of mobility (especially in intra-CU scenarios) and mode switching. PDCP retransmission as one of the L2 retranmission schemes can be applied without much standardization effort.

	NEC
	Yes 
	In order to ensure the reliability for some service, the PDCP feedback and RLC/HARQ retransmission is needed.

	Samsung
	No
	In unicast, PDCP status report and retransmission are supported only for handover/bearer type change of AM bearer. 

We think AM can be supported only for PTP bearer. This means that PDCP status report for MBS can be supported only for PTP AM -> PTP AM switching. This is just a unicast handover/BTC. We don’t need to introduce any new usage. 

	Kyocera
	Yes
	We think the PDCP feedback and retransmission mechanism is still useful e.g., for handover. 

	QC
	Yes
	PDCP status reporting is needed to support loss-less RLC AM HO and loss-less switching between PTM and PTP bearer. In order to support high reliability services, we think both RLC AM and HARQ to be supported. R16 DAPS HO supports PDCP status reporting for RLC UM as well. If DAPS is supported for Multicast radio bearer HO, then PDPC SR is need to be supported for RLC UM DAPS bearer as well.

	CATT
	Maybe
	Whether PDCP feedback is needed depends on requirement on data lossless delivery.

Besides, as mentioned by Samsung, In unicast, PDCP status report and retransmission are supported only RLC AM bearer. So maybe PDCP feedback and retransmission should be discussed later after it is concluded on whether to support RLC AM. 


· Other PDCP functions

There are some other functions in PDCP as listed in section 2.1. Of course, “transfer of data” should be naturally supported if PDCP sublayer is concluded as needed. Companies are invited to provide views on whether any other functions in PDCP (other than those discussed above in 2.2.2 and transfer of data) are needed for NR MBS.
Q7: Do companies think that any functions in PDCP other than those discussed above and “transfer of data” are needed for NR MBS?

	Company
	Comments

	MediaTek
	There may be a need to keep the legacy PDPC function of both maintenance of PDCP SNs and duplicate discarding for NR MBS, since PDCP SN should be consistent during dynamic PTP/PTM switch and the duplicate packets received should be discarded e.g. when PTP/PTM is simultaneously active.  

	Lenovo, Motorola Mobility
	We prefer to have a common PDCP layer for PTM/PTP switching:

[image: image2.emf]RLC

RLC

MAC

G-RNTI C-RNTI 

PTM PTP

 PDCP

SDAP

PTM/PTP Switching


Based on above assumption, the sequence Numbering, Routing/Duplication, and Duplicate Discard functions are needed in PDCP layer.

	OPPO
	The PDCP layer supports the following functions:

-
transfer of data (user plane or control plane);

-
maintenance of PDCP SNs;

-
header compression and decompression using the ROHC protocol;

-
ciphering and deciphering;

-
integrity protection and integrity verification;
-
timer based SDU discard;

-
for split bearers, routing;

-
duplication;

-
reordering and in-order delivery;

-
out-of-order delivery;

-
duplicate discarding.

We think all the functions except the security function (wait for SA3) should be supported for NR MBS.

	ZTE
	Be aligned with NR design. If PDCP is the anchor layer for mode switching, current duplication function (in NW side) will work.

	NEC
	The legacy unicast PDCP functions are the baseline of MBS service. The above questions clarified the controversial PDCP functions. 

	Kyocera
	We think the “maintenance of PDCP SNs” and “duplicate discarding” will be necessary depending on the solution for dynamic PTM PTP switch. 

	QC
	We think common PDCP with 2 RLC legs (one RLC leg for Multicast and other RLC leg for unicast can be considered). Security is FFS based on SA3 progress and all other functions needed.

From R2-2006793
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	CATT
	Basic functions like PDCP SN maintenance should be supported. Functions like for split bearer is not needed.


2.2.3 RLC functions
For RLC, there are three transmission modes:

· Acknowledged Mode (AM);

· Unacknowledged Mode (UM); and

· Transparent Mode (TM).
It is assumed that the functions in each transmission mode should be supported as a whole, so we may not need to discuss each functions as listed in 2.1 one by one.

According to proposals submitted in the last meeting, for PTP and PTM transmission, companies have different views on which RLC transmission mode(s) should be supported. Therefore, companies are expected to provide views on the supported RLC transmission mode(s) for NR MBS for PTP and PTM separately.

Q8: Do companies think that RLC AM is supported for PTP transmission of NR MBS?

	Company
	Answer
	Comments

	MediaTek
	Yes
	It should be needed to enable reliable transmission 

	Lenovo, Motorola Mobility
	Yes
	RLC AM mode is supported for PTP transmission as unicast.



	OPPO
	Yes 
	it is necessary for reliability transmission.  

	ZTE
	Yes
	Network decides (AM or UM for PTP transmission) based on QoS requirement.

	NEC
	Yes
	It is necessary for reliability transmission.  

	Samsung
	Yes
	

	Kyocera
	Yes
	We think the PTP transmission should be the same with the current unicast from the RLC point of view. 

	QC
	Yes
	

	CATT
	Yes
	Support RLC AM for PTP transmission will be simple by reusing legacy unicast function


Q9: Do companies think that RLC AM is supported for PTM transmission of NR MBS?

	Company
	Answer
	Comments

	MediaTek
	No
	It would be too much complicated to maintain the  PTM Tx windows for RLC

	Lenovo, Motorola Mobility
	No
	If RLC AM is used for a PTM transmission, how to transmit the RLC status report and retransmission data should be addressed. One possible way is to transmit the RLC status report and retransmission data in a PTP way, which seems a little bit complicated. Since there is already HARQ function in lower layer and if there is higher requirement the PTM transmission can be switched to PTP transmission. The RLC AM for PTM transmission is not needed.



	OPPO
	Maybe no 
	If support, the RLC should be enhanced, e.g. Tx window and Rx window maintenance. 

	ZTE
	No
	Considering we will have 

- PDCP layer reliability (as explained above in PDCP) and 

- L1 HARQ, and 

- mode switching to RLC AM based PTP transmision if it has to, 

we suggest not touching RLC AM based PTM transmission which potentially complicates the design in both NW and UE.

	NEC
	Yes 
	If reliability is only guaranteed for PTP, this WI doesn’t make any progressive enhancement compared to LTE MBMS/SC-PTM. Some scenarios like V2X, IOT transmission, PTM is mandated and reliability requirement is necessary. A complementary unicast channel can be established for every UE for the transmission of RLC status report and the re-transmission. 

	Samsung
	No
	

	Kyocera
	Yes
	We think the AM mode for PTM transmission will offer the option for more reliable PTM delivery. 

	QC
	Yes
	Main goal of Multicast is to support a similar user experience as if the traffic was mapped to unicast. We should support improved radio efficiency and also meet various high reliability application requirements (Ex: s/w download etc). We think HARQ reliability is not sufficient (e.g. due to NAK->ACK errors) and RLC AM is needed for applications requiring high reliability as configuration choice. As some companies commented for applications requiring high reliability, PTP with RLC AM can be used. If RLC AM is not supported, these high reliability services cannot served by using PTM and motivation of reliable multicast is gone.

PDCP re-transmission based reliability based on PDCP status report mechanism means moving RLC AM reliability functionality one layer above, which is not efficient. As we move re-transmissions from RLC to PDCP, it adds more overhead ,adds more delay and we need to make additional changes to PDCP SR reporting triggers etc, which is not efficient way.

	CATT
	Maybe No
	It seems RLC UM is sufficient to meet the reliability requirement of MBS services. For MCPTT service with high reliability requirement(99.9999%), But it is carried in RLC UM mode in SC-PTM. And it seems no critical issues found.
Besides, complexity of introducing RLC AM for PTM should also be considered, the channel for UL feedback and the channel for retransmission need further.

Therefore, to avoid over design and increase of complexity, no RLC AM for PTM transmission is needed if there is no clear requirement.


Q10: Do companies think that RLC UM is supported for PTP transmission of NR MBS?

	Company
	Answer
	Comments

	MediaTek
	Yes
	It should be needed dependent on the characteristics of the MBS RB.

	Lenovo, Motorola Mobility
	Yes
	According to the QoS requirements, RLC UM may be configured for the PTP of NR MBS. 

	OPPO
	Yes 
	

	ZTE
	Yes
	Network decides (AM or UM for PTP transmission) based on QoS requirement.

	NEC
	Yes 
	

	Samsung
	Yes
	

	Kyocera
	Yes
	We think the PTP transmission should be the same with the current unicast from the RLC point of view. 

	QC
	Yes
	

	CATT
	Yes
	


Q11: Do companies think that RLC UM is supported for PTM transmission of NR MBS?

	Company
	Answer
	Comments

	MediaTek
	Yes
	

	Lenovo, Motorola Mobility
	Yes
	Segmentation function is beneficial.  

	OPPO
	Yes 
	

	ZTE
	Yes
	RLC UM only for PTM transmission is preferred as explained above.

	NEC
	Yes
	

	Samsung
	Yes
	

	Kyocera
	Yes
	We think the UM mode is the baseline for PTM transmission since it’s same with eMBMS. 

	QC
	Yes
	Both RLC AM and UM as configuration choice to be supported for PTM.

	CATT
	Yes
	


Q12: Do companies think that RLC TM is supported for PTP transmission of NR MBS?

	Company
	Answer
	Comments

	MediaTek
	No
	

	Lenovo, Motorola Mobility
	No
	Segmentation function is beneficial and needed.  

	OPPO
	NO
	

	ZTE
	No
	

	NEC
	No 
	

	Samsung
	No
	

	Kyocera
	No
	We don’t think the TM mode is used for MBS data transmission. 

	QC
	No
	There is no segmentation with TM mode and is not efficient for scheduling as well.

	CATT
	No
	No clear MBS use cases for RLC TM mode.


Q13: Do companies think that RLC TM is supported for PTM transmission of NR MBS?

	Company
	Answer
	Comments

	MediaTek
	No
	

	Lenovo, Motorola Mobility
	No
	Segmentation function is beneficial and needed.  

	OPPO
	No 
	

	ZTE
	No
	

	NEC
	No 
	

	Samsung
	No
	

	Kyocera
	No
	We don’t think the TM mode is used for MBS data transmission. 

	QC
	No
	

	CATT
	No
	No clear MBS use cases for RLC TM mode.


2.2.4 MAC functions 
Some of the MAC functions as listed in 2.1 are for UL only, e.g. scheduling information reporting and logical channel prioritisation, which do not need to be discussed for NR MBS. Some functions should be naturally supported in MAC, e.g. mapping between logical channels and transport channels. According to the proposals submitted to RAN2#111-E, the functions that deserve to be specifically discussed here are as follows:

-
multiplexing of MAC SDUs from one or different logical channels onto transport blocks (TB) to be delivered to the physical layer on transport channels;

-
demultiplexing of MAC SDUs to one or different logical channels from transport blocks (TB) delivered from the physical layer on transport channels;

Whether to allow multiplexing of MAC SDUs from different logical channels onto a same TB is also related to discussion in 2.2.1 about QoS flow mapping, as well as whether different logical channels can be linked to the same G-RNTI. Companies are invited to provide views on the following question:

Q14: Do companies think that multiplexing/de-multiplexing of different logical channels should be supported in MAC for NR MBS?

	Company
	Answer
	Comments

	MediaTek
	No
	We assume there is no need to link different logical channels to the same G-RNTI. One UE interested in only one MBS traffic (carried by one logical chanel) needs to decode a large MAC PDU if multiplexing of MAC SDUs from different logical channels are supported during TB assembly, which is suboptimal. 

	Lenovo, Motorola Mobility
	Yes or No
	It depends on QoS flow to DRB mapping and G-RNTI allocation. 

If there are multiple DRB/logical channels linked to the same G-RNTI, it is beneficial to support multiplexing of MAC SDUs of the logical channels. 

Multiplexing of MAC SDUs of PTM and PTP transmission is FFS.
Multiplexing of MAC SDUs of PTM with different G-RNTIs is FFS.

	OPPO
	Not sure
	It is up to the mapping relationship among MBS session, MRB and G-RNTI.

	ZTE
	See comments.
	For PTM transmission, multiplexing among logical channels associated with same MBS service, if there are any, shall be allowed to enable flexible scheduling.

For PTM transmission, multiplexing among logical channels associated with different MBS service shall NOT be allowed from both UE power consumption and spec impacts perspective. That is to say, one G-RNTI/transport block corresponds to one MBS/MBS session.

For PTP transmission, it is per UE and the multiplexing/de-multiplexing of different LCHs shall be supported.

	NEC 
	No
	Different logical channels should be mapped different G-RNTI.

	Samsung
	Yes/No
	When a UE is interested in multiple flows, multiplexing may be beneficial. But it depends on QF to RB mapping discussion.

Note that we think only data from PTM bearer should be transmitted by G-RNTI. PTP bearer should be treated as a unicast bearer.

	Kyocera
	Yes
	We think at least the multiplexing/de-multiplexing will be needed for “PTP-leg” in dynamic PTM PTP switch since we assume it uses C-RNTI. 

For PTM transmission, the rapporteur pointed out it’s related to QoS flow mapping and G-RNTI assignment. In LTE SC-PTM, a specific MBMS session (TMGI and optionally Session ID) is associated with a G-RNTI. So, in NR MBS we think the different logical channels can be linked with a G-RNTI as long as these logical channels are associated with a specific MBS session.  

	QC
	Yes
	For certain applications like IIoT, where different set of UEs may be subscribed to different services (different services can be mapped to different LCIDs) can be multiplexed into same TB and scheduled using same G-RNTI. This avoids UEs subscribed to multiple services (mapped to different LCIDs) are not required to monitor multiple G-RNTIs which will impact UE power consumption. From specification perspective, we think it should be allowed to support multiplexing of different LCIDs into same TB and each LCID to be mapped to a single TB as well.

	CATT
	Yes
	As discussed in 2.2.1. One or more QoS flows may be used within a single MBS session.
logical channels carrying data from different MBS flows (mapping to different MRBs) of one MBS session could be multiplexed in MAC,in case there is one to one mapping between MBS session and G-RNTI.


2.3 Dynamic switch between PTP and PTM

According to the WID [1], dynamic switch between PTP and PTM is a function to be supported for NR MBS. During the 111-e meeting, it is agreed that the gNB makes the decision of the dynamic switch, while which sublayer handles the details is FFS. Companies are invited to give answers to the following question:
Q15: Which sublayer acts as the anchor of PTP and PTM dynamic switch, i.e. the splitting and converging sublayer for MBS traffic transmitted via PTP and PTM?

	Company
	Answer (e.g. SDAP/PDCP/RLC/MAC)
	Comments

	MediaTek
	PDCP or RLC
	We assume the discussion of PTP and PTM dynamic switch can be subject to the modelling of the MBS MRB. So far we see two alternatives, one is PDCP based and the other is RLC based. So accordingly, the PTP and PTM dynamic switch can be conducted at either PDCP or RLC layer. 

	Lenovo, Motorola Mobility
	PDCP
	In order to support service continuity, a common sequence numbering function is needed between PTM and PTP. As MR-DC, it is straight forward to use a common PDCP layer for both PTM and PTP modes since the re-ordering function resided in PDCP layer in NR.
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In this layer 2 protocol stacks, PTP transmission with RLC AM can be configured to improve the reliability.

	OPPO
	PDCP and MAC
	(1) The common PDCP will make the same packet own the SN number of PTM and PTP. It will help to increase the reliability reception.

(2) The common MAC has benefit of soft combination of PTM and PTP. It will also help to increase the reliability reception. If PTP is only for retransmission of PTM, the common MAC is necessary.

	ZTE
	PDCP
	PDCP as the anchor layer naturally fits into the current RAN architecture design with CU/DU split and bearer type change design; while PDCP as the anchor layer introduces least spec impacts in lossless support compared to other solutions.
We suggest separating mode switching and re-transmission schemes in future discussion, although they share some kind of commonality. For mode switching, only one anchor layer is needed, while for retransmission it can be studied in Reliability Enhancement part.

	NEC
	PDCP
	For service continuity and DC, it is always the PDCP entity which acts like an anchor.

	Samsung
	No need

(RRC switching)
	We do not think “dynamic switch” mandates a common sublayer. We think dynamic switch can be accomplished by RRC message indicating switch between PTM and PTP. In this case, split structure is not needed.

Under the split bearer Lenovo is referring to, PDCP SN for all UEs receiving the same MBS bearer should be synchronized, even if UE receives the data via PTP bearer. It does not have a value.

We think lossless can be achieved by classical AM unicast bearer. Such complicated structure is not necessary. 

	Kyocera
	PDCP (or RLC)
	We think it’s straightforward to reuse the existing split bearer functions in PDCP for MBS PTP PTM switch. 

If RLC AM is supported, we think it may also be possible to do this at the RLC layer, but there will likely be more specification impact. 

	QC
	PDCP is main anchor and RLC/MAC dynamic re-transmissions to be allowed.
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From above architecture, PDCP can be used as anchor for switching between PTP and PTM legs.

 One RLC leg is meant for Multicast, which can operate in AM/UM mode based on configuration and other RLC leg is meant for specific UE, which can be configured in either AM/UM modes. Multicast RLC AM leg can re-transmit either by using multicast LCID or unicast LCID for a specific UE. 

At PHY/MAC, for multicast leg, HARQ original transmission can be based on G-RNTI and re-transmission can be either by using G-RNTI or C-RNTI and is dynamically decided by GNB based on whether re-transmissions targeted for one UE or multiple UEs. In cased on PTP leg, original and re-transmissions are based on C-RNTI.

This gives flexibility at different levels.
RRC based switching needed during handover cases.

	CATT
	SDAP,or PDCP or RLC
	Not sure about the detailed function of the “anchor”.

We are open to both common PDCP and separate PDCP. Either solution has both advantages and disadvantages.

It seems common PDCP entity is beneficial for reordering handling during mode switch .but with common PDCP, PTM and PTP of the same MBS session should have the same PDCP configuration. This will put a restriction on the PDCP configuration of PTP transmission. so the question is, for a MBS session, do we assume that the same PDCP functions or configuration are to be used for PTM and PTP? if no, maybe common PDCP is not helpful to the reordering during mode switch because anyway the PDCP will be reconfigured during switching.
For separate PDCP solution, no such limitation, but SN synchronization between PDCPs needs to be maintained between 2 PDCP entities for reordering.


2.4 Phase-2 discussion: L2 architecture for MBS

(To be discussed in Phase II of this email discussion)
3. Conclusion

4. Reference

[1].  RP-201038 WID revision: NR Multicast and Broadcast Services, Huawei, HiSilicon
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