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1
Introduction
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 header structure in LTE MBMS are still open. In this contribution, we discuss the requirements of RLC header structure in both single-cell and multi-cell transmission modes, and propose the header structure to be used in the latter.
2
RLC requirements in MBMS
We first analyze the required RLC features in single-cell and multi-cell mode. 

1. RLC Transmission Mode

No RLC-level retransmission is needed in either single-cell or multi-cell transmission mode. Retransmissions only happen at MAC level via HARQ process. 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. (In addition, TM is likely to be used for transmitting BCCH also on dedicated carrier; in this context, we propose to always use the multi-cell transmission mode: see ‎[2].)
2. Segmentation of RLC SDUs should be supported in both single-cell and multi-cell mode.

3. Concatenation between RLC SDU:s of the same service should be supported in both single-cell and multi-cell mode.

4. Concatenation between RLC SDU:s from different services.
In the context of MBSFN transmission, it was agreed in RAN2#60 that different MTCHs to be transmitted on the same MCH are multiplexed by MAC. On the other hand, because in single-cell transmission different services should be carried in separate MAC PDUs to allow separate link adaptation per service, RLC-level concatenation between SDUs from different services is not seen as useful.
5. Dependence of the amount of SDU-wise header overhead 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 cumulative SDU and octets counters carried by the SYNC protocol after possible packet losses on the M1-u interface, the header overhead of a known number of (lost) RLC SDUs with known total size should not depend on the distribution of the individual SDU sizes.
The requirements are summarized in Table 1.

Table 1: MBMS RLC requirements
	
	Single-cell
	Multi-cell

	RLC transmission mode
	UM
	UM (, TM)

	Segmentation
	Yes
	Yes

	Concatenation within same MBMS service
	Yes
	Yes

	Concatenation/Multiplexing between MBMS services
	No
	No

	Dependence of the amount of SDU-wise header overhead on SDU size
	No requirements
	Independence required


In light of these requirements, the RLC UMD PDU format currently defined for unicast seems fully reusable for single-cell transmission.
For multi-cell transmission, the last requirement described above is violated by the LI format currently adopted for the unicast PDU, and the requirement implies other restrictions such as having exactly one LI per RLC SDU, which is why a separate PDU format is seen as needed for multi-cell transmission. The next section presents the format proposed to be used in multi-cell transmission: in short, the format is the one proposed in ‎[3], with the difference of added RLC PDU numbering. (After this change, the MAC header structure proposed in ‎[3] becomes equivalent to the one already adopted for unicast.)
3
Proposed UMD PDU for multi-cell transmission
The general multi-cell RLC PDU format is illustrated below. The RLC-header and one segment of payload are mandatory. For each RLC SDU that 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 Figures 3 and 4, and the accompanying discussion). As RLC-PDU length is variable, no padding is added on RLC-level.


[image: image1]
Figure 1: General multi-cell RLC PDU format
The following flags and fields are defined:

· E = Extension flag.
If E=1, an RLC Optional Header follows (i.e. defined exactly as in unicast)

· SN = Sequence Number. Defined as in unicast. The shorter field length option of 5 bits is currently seen as sufficient.

· LI: Length indicator. Currently all available 15 bits used, but can be shortened to 11 bits to align with unicast.
[image: image5.emf] 

Payload   


[image: image2]
Figure 2: RLC header

[image: image3]
Figure 3: RLC Optional Header
The RLC Optional Header element is illustrated in Figure 3. 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 RLC PDU. This solution has the disadvantage that the next RLC PDU is not correctly decodable in case the previous 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 the following subsection.
Another 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.

3.1
Example of special-case handling
The special case where the RLC segment without length indicator exactly fits within the MAC-PDU is shown in Figure 4. If the length indicator in the first RLC PDU was omitted, it would be assumed that the RLC segment 1 continues into the next RLC PDU. As the RLC segment length field is added, two octets are pushed into the next RLC 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 is allowed to address past the end of the current RLC PDU. The RLC segment length would then 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 SDU counters, as the “fixed added RLC-Header overhead per RLC SDU” rule is obeyed. This solution introduces the problem that the latter RLC PDU is no longer independently decodable: if the first PDU is lost, the second one cannot be correctly interpreted. However, the combined case where first the RLC-SDU would exactly fit within the MAC-PDU, and simultaneously the first MAC-PDU is 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 lost.

The benefits of a working solution seem to easily outweigh the problem.

[image: image4]
Figure 4: Special case - RLC segment without LI fits within MAC-PDU exactly
4
Conclusion
RAN2 is proposed to adopt the UMD PDU format presented in the previous section for MBMS multi-cell transmission. 

It is also proposed to conclude that no new RLC PDU format is needed for single-cell MBMS transmissions, i.e. the unicast UMD PDU format can be reused as such for that purpose.
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