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1
Introduction
Based on ‎[1], RAN2#58 concluded that two transmission modes -- single-cell ptm with uplink feedback and multi-cell ptm -- will be available in LTE MBMS. RLC transmission modes (e.g. AM, UM or TM) and MAC/RLC header structure in LTE MBMS are still open. In this contribution, we discuss RLC/MAC header structure in both single-cell and multi-cell transmission modes.
The dynamic service scheduling proposed in ‎[4] is assumed when discussing RLC/MAC header structure in multi-cell transmission mode.
2
Discussion

Here is a summary of current agreement regarding single-cell transmission mode. 

------------------ Text contained in or agreed to 15.3.2 of ‎[2] ----------------
Single-cell transmission of MBMS is characterized by:

-
MBMS is transmitted only on the coverage of a specific cell;

-
Combining of MBMS transmission from multiple cells is not supported;

-
MTCH and MCCH are mapped on DL-SCH for p-t-m transmission;

-
Scheduling is done by the eNB;

-
Multiple UEs can be allocated dedicated uplink feedback channels identical to those used in unicast transmission, which enables them to report HARQ Ack/Nack and CQI. Where such a feedback mechanism is configured, AMC is applied, and HARQ retransmissions are made on DL-SCH using a group (service specific) RNTI in a time frame that is coordinated with the original MTCH transmission. All UEs are able to receive the retransmissions and combine them with the original transmissions at the HARQ level.

-
UEs that are allocated a dedicated uplink feedback channel are in RRC_CONNECTED state.
---------------- End of copy ------------------------------------

Here is a summary of current agreement regarding multi cell transmission mode. 

------------------ Text contained in or agreed to 15.3.3 of ‎[2] ----------------

Multi-cell transmission of MBMS is characterized by:

-
Synchronous transmission of MBMS within its MBSFN Area;

-
Combining of MBMS transmission from multiple cells is supported;

-
MTCH and MCCH are mapped on MCH for p-t-m transmission;

-
The MBSFN Transmitting, Advertising, and Reserved cells are either semi-statically configured e.g. by O&M (MBMS-dedicated cell or MBMS/Unicast-mixed cell), or are dynamically adjusted (MBMS/Unicast-mixed cell) e.g. based on counting mechanisms (FFS).

-
The MBSFN Synchronization Area is semi-statically configured e.g. by O&M. The MBSFN Area can be semi-statically configured by O&M or (FFS) dynamically configured by MCE.

-
Scheduling is done by the MBMS Coordination Entity (MCE).
-
AMC based on non-AS level feedback is FFS.
------------------------------ End of Copy ---------------------------------

We analyze the required RLC/MAC features in single-cell and multi-cell mode. In the analysis, we assume dynamic service scheduling ‎[4] is used when discussing multi-cell transmission mode.
RLC requirements:
1. Because of variable IP packet size, RLC SDU size is variable in both single-cell and multi-cell mode. 
2. RLC Transmission Mode

No RLC level retransmission is assumed to be needed in either single-cell or multi-cell transmission modes. Retransmission only happens at MAC level via HARQ process in single-cell mode. Consequently UM transmission can satisfy all transmission requirements of u-plane traffic. UM can be used to transmit both single-cell MCCH and multi-cell MCCH. TM may be used to transmit BCH, depending on conclusions surrounding unicast BCH. 
3. Segmentation of RLC SDU should be supported in both single-cell and multi-cell mode.
4. Concatenation between RLC SDU:s of the same service should be supported in both single-cell and multi-cell mode.
5. Concatenation between RLC SDU:s from different services
As discussed in section 4 of ‎[4], considering the compatibility with current LTE unicast architecture, it is preferred NOT to support RLC-level concatenation between RLC SDUs from different MBMS services. Instead, multiplexing between MBMS services should be done in MAC layer.
6. Dependence of the amount of header overhead per RLC SDU on SDU size
In single-cell mode, there are no requirements in this respect. In multi-cell mode, to enable content synchronization recovery based on information carried by the SYNC protocol after possible packet losses on the M1-u interface, the amount of overhead per RLC SDU should not depend on its size. Many of the solutions proposed for unicast do not fulfill this requirement.
MAC requirements:
7. Logical channel identifier 

In LTE MBMS, logical channel identifier can be used to distinguish between MBMS data flows. Another higher level identifier for RRC-level signalling, including scheduling of MBMS, is expected to be available. Especially in the case of multi-cell transmission this identifier must have multi-cell scope. Otherwise it can be used as C-RNTI. This higher-level identifier could be used to schedule individual services, or in the case of dynamic multiplexing, a set of multiplexed services. As the LCID would only be needed to distinguish between jointly scheduled services, the address space of unicast LCID is assumed to be sufficient.
8. MAC PDU length
In single-cell mode, because of link adaption, it is necessary to support variable-length MAC PDU.

In multi-cell mode, it is only allowed to multiplex MBMS and unicast traffic in time domain. As link adaptation is not supported in multi-cell mode, transport block (TB) and MAC PDU sizes are fixed. 
9. Need for MAC Control elements 
In single-cell mode, HARQ signaling is required to support MAC layer retransmission. As a result, MAC control elements are needed, and it is necessary to support multiplexing between MAC Control elements and MAC SDUs.
In multi-cell mode, since the MBMS multi-cell transmission mode utilizes bit-identical data from all related eNBs, there is basically no point to use a cell-specific MAC control message. Instead, multi-cell transmission via MCCH can convey control messages to UEs. In this case, there are no MAC Control elements and the indication whether the PDU is data or control in MAC header is not needed.
10. MAC layer multiplexing

In single-cell mode, since MAC Control elements are needed, we need to support multiplexing between MAC Control elements and MAC SDUs.

In accordance with the unicast downlink model of ‎[3], it is also preferred to support multiplexing (concatenation) of RLC PDUs from different MBMS services on MAC level. 
11. MAC layer Sequence number

In single-cell mode it is necessary to have a sequence number.

In multi-cell mode sequence number is not needed because multi-cell mode doesn’t support retransmission.
From the description above, we can observe a lot of similarity between required features in MBMS single-cell transmission mode and that in LTE unicast as shown in ‎[3]. For example, the same DL-SCH as physical layer transport channel, availability of HARQ retransmission and CQI report etc. Furthermore, typical MBMS service such as Mobile TV will not always generate small size packets as VoIP. So, the gain to optimize RLC/MAC header by using e.g. a shorter length field as in VoIP will be marginal. As a result, we propose:
Table 1: MBMS RLC/MAC Requirements
	
	Single-cell
	Multi-cell

	RLC SDU length 
	Variable
	Variable

	RLC transmission mode
	UM,TM
	UM, TM

	Segmentation
	Yes
	Yes

	Concatenation within same MBMS service
	Yes, RLC
	Yes, RLC

	Concatenation/Multiplexing between MBMS services
	Yes, MAC
	Yes, MAC

	Dependence of the amount of header overhead per RLC SDU on SDU size
	No requirements
	Independence required

	MAC logical channel identifier
	Same or shorter as unicast
	Same or shorter as unicast

	MAC PDU length
	Variable
	Fixed

	Need for MAC C-PDU
	Yes
	No

	MAC layer Sequence number
	Yes
	No


3
Conclusions

We propose to discuss the required RLC/MAC features for LTE MBMS in the meeting based on Table 1 of this contribution. Regarding the RLC/MAC PDU structure, we propose:

Proposal 1: Discuss and agree on the required RLC/MAC features for LTE MBMS in the meeting

Proposal 2: LTE MBMS single-cell transmission mode should use the same RLC/MAC header structure as what is developed for LTE unicast. (Proposals submitted in [5, 6])
Proposal 3: Because of Item 6 in the previous section, it is necessary to develop a new RLC/MAC header structure for MBMS multi-cell transmission mode. 
Annex A of this contribution contains a proposal for the multi-cell MBMS header structure.
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Annex A: RLC / MAC PDU formats for Multicell transmission
For single-cell transmissions it is assumed that the unicast RLC and MAC PDU formats shown in [5] and [6] are applicable. For multicell transmission the PDU-structure needs to support re-synchronisation in case of data loss. This is accomplished by ensuring that the amount of RLC header overhead can be exactly determined from cumulative PDU and octet counters. In this proposal MAC allows multiplexing between different logical channels. The MAC overhead also obeys the rule that one extra MAC-PDU header element is added to indicate the change of logical channel. Size of the MAC-PDU is assumed to be known by the receiving physical layer (can be indicated to MAC in a primitive), so the total length of the MAC-PDU is not signalled in the MAC header.
The header structure is optimised for the situation where there is only data from one LCID, and the RLC-PDU continues over the whole MAC-PDU. Header overhead is only created in case segment borders are needed inside the RLC/MAC PDU.

The general MAC-PDU format is illustrated in Figure 1. The MAC-Header and one segment of payload are mandatory. For each concatenated payload (RLC-PDU) beyond the first one, a MAC Optional Extension is added. If there is not enough data to fill the whole MAC-PDU, padding can be added.

As concatenation of RLC SDU:s is already supported on RLC-level, each new RLC PDU concatenated on MAC-level is expected to carry data from a new logical channel. Therefore it is not expected that more than two RLC-PDU:s would need to be concatenated in a single MAC-PDU. Nevertheless, the format can support any number of concatenated RLC-PDU:s up to the maximum number of logical channels.
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Figure 1: General multi-cell MAC PDU format

The general multi-cell RLC PDU format is illustrated in Figure 2. One segment of payload is mandatory. For each RLC SDU, which terminates in the current RLC PDU, an RLC Optional Header is added (for the case where addition of the optional header causes payload to overflow to next RLC PDU, please refer to Figure 5 and Figure 9 and the accompanying discussion). As RLC-PDU length is variable, no padding is added on RLC-level.
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Figure 2: General multi-cell RLC PDU format
The following flags and fields are defined:

· ME = MAC extension flag. If ME=1 MAC-header is extended.

· RE = RLC extension flag.
If RE=1 in MAC-Header, an RLC-Header exists.
If RE=1 in RLC Optional Header, there is another RLC Optional Header

· LCID = logical channel identifier. Currently drawn as 5 bits to align with [5]
· MAC / RLC segment length: 15 bits to align with [5]
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Figure 3: MAC Header
The fixed MAC header, which appears in every PDU, is shown in Figure 3.
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Figure 4: MAC Optional Header
The optional MAC header, which is included in case there are more than one RLC PDU:s (segments from more than one logical channel) in the same MAC-PDU (logical channel multiplexing), is shown in Figure 4.
In this case the MAC segment length is indicating the length of the “previous” MAC-segment. LCID is the LCID for the next MAC-segment. By default the segment addressed by the LCID is assumed to continue to the end of the MAC-PDU. If it doesn’t, another MAC Optional Header is inserted with a dummy LCID (to be specified, e.g. LCID=0), which means that the rest of the MAC-PDU is padding.
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Figure 5: RLC Optional Header
An RLC Optional Header element is illustrated in Figure 5. It is only added if an RLC segment border (end of RLC SDU) needs to be indicated. For each RLC SDU a separate RLC Optional Header is added.

To address the case, where an RLC SDU would otherwise terminate within the current MAC-PDU, but the addition of the RLC Optional Header pushes it past the end of the MAC-PDU, the RLC segment length indicator is proposed to have the ability to address past the end of current MAC-PDU. This solution has the disadvantage that the next MAC-PDU is not correctly decodable in case the critical MAC-PDU is lost, but the rule of introducing only one RLC Optional Header per RLC SDU is preserved. This case is illustrated by an example in chapter 4 (Figure 9).

Another solution solution would be to add a header flag to signal exact match of the RLC SDU segment length with the MAC-PDU length and a dummy RLC Optional Header in the following PDU. This, however, leads to more variants to cover as the RLC Optional Header is proposed to be two octets long.
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Annex B: Examples of Multi-Cell RLC/MAC PDU formats
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Figure 6: Basic case - RLC SDU continues to next MAC-PDU
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Figure 7: RLC-level concatenation
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Figure 8: MAC-level concatenation

The special case, where RLC segment length without length indicator exactly matches the MAC-PDU length is shown in Figure 9. If the length indicator in the first MAC-PDU would be omitted it would be assumed that RLC segment 1 continues into the next MAC-PDU. As the RLC segment length field is added, two octets are pushed into the next MAC-PDU.

As only one RLC segment length field per RLC SDU should be added to maintain recovery capability in multicell transmission, it is proposed that the RLC segment length field would be allowed to address past the end of the current MAC-PDU. In this example case the RLC segment length would indicate the combined length of both part 1 and part 2 of RLC segment 1.

The benefit is that synchronization in multicell transmission can be regained based on information of elapsed octet and PDU counters, as the “one RLC-Header per RLC SDU” rule is obeyed. This solution introduces the problem that the latter MAC-PDU is no longer independently decodable. If the first MAC-PDU is lost, the second one cannot be correctly opened. However, the combined case where first the RLC-SDU length would exactly match the MAC-PDU length, and simultaneously the first MAC-PDU would be lost, is extremely rare. If it occurs, penalty is not very dramatic: 1-2 extra octets are appended to the beginning of the next RLC segment, causing one extra RLC-SDU to be is lost.

The benefits of a working solution seem to easily outweigh the problem.
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Figure 9: Special case - RLC segment length without LI matches MAC-PDU length exactly.
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