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1
Introduction
Based on [1], RAN2#58 concluded 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.
In this contribution, we assume that the dynamic service scheduling proposed in [4] is used 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

We think no RLC level retransmission is needed in either single-cell or multi-cell transmission modes, retransmission only happens at MAC level via HARQ process in single-cell mode. Consequently, we think UM can satisfy all transmission requirement of u-plane traffic. UM can be used to transmit both single-cell MCCH and multi-cell MCCH. TM is needed to transmit BCH also on dedicated carrier. 
3. Segmentation of RLC SDU should be supported in both single-cell and multi-cell mode.
4. Concatenation between RLC PDU from the same service should be supported in both single-cell and multi-cell mode.
5. Concatenation between RLC PDU from different services
As discussed in section 4 of [4], considering the compatibility with current LTE unicast architecture, we prefer 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. It should be noted that the unicast solution does not fulfill this requirement.
MAC requirements:
7. Logical channel identifier 

In LTE MBMS, logical channel identifier can be used to distinguish MBMS services.
On the one hand, we do not expect that the number of MBMS services to be multiplexed in one eNB will be greater than the number of logical channels in unicast. In this respect, the LCID header field from unicast could be sufficient.
On the other hand, in multi-cell mode, comparing with radio bearer identifier used in LTE unicast, MBMS service identifier has the following difference. To achieve MBSFN combining gain, same MBMS service identifier should be used in all eNBs participating in the MBSFN transmission. This has two implications. (1) MBMS service identifier used in all eNBs within the same maximum MBSFN area should be decided by a central node. (2) MBSFN service identifier should be unique within a maximum MBSFN area. In LTE unicast case, a unicast radio bearer identifier is decided locally by an eNB. The same identifier can be reused between neighboring cells. For this reason, multi-cell mode may require a longer LCID field than the unicast headers.
We need to take these factors into consideration when deciding the lengh of logical channel identifier for LTE MBMS.
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 frequency domain multiplexing. Besides, link adaptation is not supported in multi-cell mode. As a result, the size of one transport block (TB) or the size of MAC PDU is 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 would not be any MAC Control elements and the indication whether the PDU is data or control in MAC header would not be necessary.
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.

As discussed above, we also prefer to support multiplexing (concatenation) of RLD PDUs from different MBMS services on MAC level. 
11. MAC layer Sequence number

In single-cell mode, we think it is necessary to have 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

	Segmentation
	Yes
	Yes

	Concatenation within same MBMS service
	Yes
	Yes

	Concatenation/Multiplexing between MBMS services
	Yes, only in MAC layer
	Yes, only in MAC layer

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

	MAC logical channel identifier
	Same or Shorter length
	Longer length may be needed

	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.
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. 
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