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1. Introduction

So far, the RLC mode used by MCCH has not really been discussed in detail. 
In section 2 we try to describe the main requirements for the radio link control functions used by the MCCH transport. 
Based on these requirements, we identify two possibilities protocol configurations for meeting these requirements: 1 based on using RLC UM (section 3), another based on using RLC TM (section 4).
In section 5 we compare these two protocol configuration in more detail. Finally in section 6 we try to come to a motivated proposal regarding which protocol configuration should be selected for the MCCH.

2. MCCH radio link control requirements

In the scope of the MCCH transport, the following MCCH characteristics are considered important:
1) The main information on MCCH consists of periodic transmission of MBMS configuration messages of variable size;
=> [1] Segmentation and Re-assembly functionality is required;

2) 
Transport on the MCCH should be efficient due large resource usage required for MCCH transmission
=> [2] Overhead should be as limited as possible. E.g. support for concatenation is required.

3) 
Several MCCH transmissions need to start at a certain specific time (e.g. SFN) corresponding to the beginning of an access info period, scheduling period or modification period. In addition, RRC at the receiver needs to be aware when (in what modification period) information was received (E.g. RB information and service information might only correspond within a modification period, not across a modification period).

=> [3] Timing coordination at RRC level is required.

4)   Comparing the information transmitted at subsequent scheduling periods:

a) 
some of the information may be a repetition of previously transmitted information 

· this is e.g. true for information concerning services for which the configuration did not change;
b) 
some other parts of the information may be updated information compared to previously transmitted information

· this is e.g. true for updated probability factors
.


Reception of the information a) might benefit from the ability to combine segments received at one scheduling period, with other segments received at another scheduling period. The need for this “inter-period segment combining”
 capability will depend on the expected SDU sizes that needs to be handled. If the SDU’s are relatively small compared to the TB size, there this is no large reception improvement to be obtained by supporting inter-period segment combining. However, if SDU’s are relatively large compared to the TB size, inter-period segment combining may considerably improve the reception probability. This is reflected in the tables 1 and 2.
Tables 1 and 2 present a simplication of reality since they assume that the BLER probability is independent at for every block. Normally block errors especially in subsequent TBs wil be correlated. However it is assumed that block errors for TBs at different scheduling periods are more or less independent.

	
	1 Scheduling period in Modification period
	2 Scheduling periods in Modification period
	3 Scheduling periods in Modification period
	4 Scheduling periods in Modification period

	SDU segment in x PDU’s
	No Inter-period segment combining
	Inter-period segment combining
	No Inter-period segment combining
	Inter-period segment combining
	No Inter-period segment combining
	Inter-period segment combining
	No Inter-period segment combining
	Inter-period segment combining

	1
	1.00%
	1.00%
	0.01%
	0.01%
	0.0001%
	0.0001%
	0.000001%
	0.000001%

	2
	1.99%
	1.99%
	0.04%
	0.02%
	0.0008%
	0.0002%
	0.000016%
	0.000002%

	4
	3.94%
	3.94%
	0.16%
	0.04%
	0.0061%
	0.0004%
	0.000241%
	0.000004%

	8
	7.73%
	7.73%
	0.60%
	0.08%
	0.0461%
	0.0008%
	0.003562%
	0.000008%

	12
	11.36%
	11.36%
	1.29%
	0.12%
	0.1467%
	0.0012%
	0.016663%
	0.000012%



Table 1: 1% BLER: SDU reception failure probability in modification period
	
	1 Scheduling period in Modification period
	2 Scheduling periods in Modification period
	3 Scheduling periods in Modification period
	4 Scheduling periods in Modification period

	SDU segment in x PDU’s
	No Inter-period segment combining
	Inter-period segment combining
	No Inter-period segment combining
	Inter-period segment combining
	No Inter-period segment combining
	Inter-period segment combining
	No Inter-period segment combining
	Inter-period segment combining

	1
	3.00%
	3.00%
	0.09%
	0.09%
	0.0027%
	0.0027%
	0.000081%
	0.000081%

	2
	5.91%
	5.91%
	0.35%
	0.18%
	0.0206%
	0.0054%
	0.001220%
	0.000162%

	4
	11.47%
	11.47%
	1.32%
	0.36%
	0.1509%
	0.0108%
	0.017313%
	0.000324%

	8
	21.63%
	21.63%
	4.68%
	0.72%
	1.0114%
	0.0216%
	0.218715%
	0.000648%

	12
	30.62%
	30.62%
	9.37%
	1.07%
	2.8697%
	0.0324%
	0.878578%
	0.000972%



Table 2: 3% BLER: SDU reception failure probability in modification period
	
	1 Scheduling period in Modification period
	2 Scheduling periods in Modification period
	3 Scheduling periods in Modification period
	4 Scheduling periods in Modification period

	SDU segment in x PDU’s
	No Inter-period segment combining
	Inter-period segment combining
	No Inter-period segment combining
	Inter-period segment combining
	No Inter-period segment combining
	Inter-period segment combining
	No Inter-period segment combining
	Inter-period segment combining

	1
	5.00%
	5.00%
	0.25%
	0.25%
	0.0125%
	0.0125%
	0.000625%
	0.000625%

	2
	9.75%
	9.75%
	0.95%
	0.50%
	0.0927%
	0.0250%
	0.009037%
	0.001250%

	4
	18.55%
	18.55%
	3.44%
	1.00%
	0.6382%
	0.0500%
	0.118391%
	0.002500%

	8
	33.66%
	33.66%
	11.33%
	1.98%
	3.8130%
	0.1000%
	1.283367%
	0.005000%

	12
	45.96%
	45.96%
	21.13%
	2.96%
	9.7108%
	0.1499%
	4.463453%
	0.007500%



Table 3: 5% BLER: SDU reception failure probability in modification period
The importance of inter-period segment combining is reflected by the fact that in many cases when supporting inter-period segment combining, the performance with X scheduling periods in a modification period is comparable or better then the performance with X+1 scheduling periods in a modification period without inter-period segment combining.
=> [4] Depending on expected max SDU sizes, support for Inter-period segment combining may/maynot be required.
5) 
In case requirement [4] is required, we are in a situation that most information provided in a modification period can be “inter-period segment combined”, but other information might be updated during the modification period, and thus cannot be combined with earlier transmissions. 


Some specific issues need to be addressed when looking at the combination of requirements [2] and [4]:

=> [5] In order to come to an efficient transport in case inter-period segment combining is supported, flexible multiplexing in one PDU of SDU’s which do support inter-period segment combining and of SDU’s which are updated, might be required.


This requirement is further discussed in section 5.2.
6) 
The UE shall act on received information (e.g. counting information) as soon as possible after reception. Thus SDUs should be passed to the application as soon as they are received

=> [6] If SDU segments are temporarily stored to enable the functionality addressed by [4], out of sequence delivery shall be supported.
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3. RLC UM based solution
An RLC UM based receiver solution could be implemented as shown in figure 1:

Figure 1: RLC UM protocol solution
Currently RLC UM does not support inter-period segment combining, nor does it support out of sequence delivery. If required, RLC UM would have to be extended with this functionality.
If we look at how the different requirements identified for the MCCH transport are met in this solution:

	Requirements
	Realised by

	1) Segmentation/Re-assembly
	RLC UM

	2) Concatenation
	RLC UM

	3) Timing coordination by RRC
	New interaction between RRC and RLC

	4) Inter-period segment combining
	RLC UM extension (already required for MTCH)

	5) Flexible multiplexing combinations
	(not supported)

	6) Out of sequence delivery
	RLC UM extension


Comments:

1) One additional complication in this type of solution is caused by the fact that UE’s which have not received the MCCH for some time might receive an RLC PDU the next time they start to receive MCCH again with an SN that the UE invalidly considers to be a retransmission. In order to prevend such situations, PDU’s received on the MCCH after an interruption of listening to the MCCH, should never be considered retransmissions. This rule could even be extended to a general rule that PDU’s received in different modification periods should never be considered retransmissions, which basically could mean performing an RLC-restablishment at every MBMS modification period.
4. RLC TM based solution 
An RLC-TM based solution is shown in figure 2.
[image: image2.wmf]RLC TM

RRC

MAC

PHY

MCCH Transport layer

MCCH Control

 

Figure 2: RLC TM protocol solution

In figure 2, we assume that a mechanism similar to the BCCH mechanism already present in RRC in Rel99, would also be specified for MCCH. 

If we try to stay close to the solution used for the BCCH, the following can be stated about the PDU header and the segment header respectively e.g.: 

PDU header:

-  the “segment combination” CHOICE.

Segment header:
First/Complete Segment:



-  message type



-  message number (in case multiple message of the same type are present)



-  segment length indication



-  segment contents 




Subsequent / Last Segment:



- message type



- message number



- segment index



- segment length indication



- segment contents

If it is not clear from the Segment message and number in the segment header that the message can be inter-period combined or not, a separete “modified” flag might also be required in the segment header. 
Detailed issues to be considered are:
1) what segment combinations are usefull to support on MCCH ?

2) is all the overhead present on BCCH also required on MCCH ? E.g. if segments belonging to a message are always transmitted in sequence, and retransmitted segments always occur at the same offset from the scheduling period start as in the original transmission, the segment index might not be required. However quick repeat might require a segment index. 

3) currently the BCCH segmentation assumes a fixed TB size of 240 bits. This is e.g. reflected in the value range for the different segment length indicators. It should be discussed if MCCH will only be mapped to one TB size or multiple, and what this means for the value range of the segment length indicators.
4) should segment headers be placed at the beginning of each segment, or be collected at the beginning of the PDU in order to allow a quick detection of usefull / not usefull information ?

5. Comparison of both proposals
5.1. Support is required for functionality [1],[2],[3]
The RLC TM based solution will bring more new functionality to the Uu protocol stack, whereas the RLC UM based solution will more rely on re-use of existing functionality.  Existing RLC UM + RRC will support functionalities [1],[2] and [3] without much changes. 
Thus if requirement [4] (and thus [5] and [6]) is not considered essential, the choice to go for the RLC-UM based solution seems to be quite straightforward.

5.2. Support is required for functionality [1],[2],[3],[4],[5],[6]
In case functionality [4] is required to be covered, the following considerations are applicable:

· functionality [4] is currently assumed to be required for the support of Selection Combining on MTCH, and therefore should already be included in RLC-UM for MTCH in release-6;
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implementing functionality [4] on RLC-UM might lead to an inefficiency w.r.t what SDU’s can be combined in one PDU. This is explained in the following figure:

Figure 3: RLC TM/UM Multiplexing examples
When the SDU2 is updated in a retransmission, it is possible in TM mode to still make use of the segments for SDU1 and SDU3 which are also included. In RLC UM, the segments of SDU1 and SDU3 can no longer be combined with other SDU1/3 segments, since the receiver will not recognise they belong to previously transmitted SDU’s
. 

Note however that also in the TM case, the length of segments following the updated SDU-segments will be impacted if the update SDU is increased in size. Therefore with RLC TM, transport efficiency is lost if updating SDUs leads to a size increase of these SDUs.

6. Proposal

It is proposed to agree on the following:

1) In ref[1] it is shown that SDU sizes of up to 6 TB’s should not be uncommon for MBMS RRC messages on MCCH. As a result we propose to mandate support for inter-period segment combining for any MCCH transport solution. 

=> This means that all requirements [1]-[6] shall be considered valid.
2) In the most optimal case (from an SDU multiplexing point of view), all information that can be updated during the modification period is contained in one SDU (SDUupd), and the other information in other SDU(s) (SDUic). 

Supporting optimal combining in RLC-UM would mean that the PDU containing the last segment of the SDUupd would have to remain unused, resulting on average in a 50% empty PDU. When using RLC-TM, the remaining PDU-space can be used by segments of SDUic’s.

In ref[1] it is shown that for a typical MBMS configuration the total number of TB’s used on MCCH per scheduling period is around 6.2 TB’s. Filling 0.5 TB with padding means adding an average additional overhead of around 8%. As a result one could argue that RLC_TM should be selected.

However, considering that:

· The additional overhead reduction in the RLC-TM case can only be obtained if there is no size change for the SDUupd;

· The overhead loss in the RLC UM case can be reduced by defining several TF’s with different RLC sizes on the FACH carrying MCCH;

· The general increased complexity for an RLC-TM based solution;



=> it is proposed to use RLC-UM for MCCH.
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� It should be discussed if also other information might change within a modification period, e.g. to quickly stop a steep increase in RRC connection establishments for a service currently provided in ptp.


� Allthough named “inter-period segment combining”, the combining can also be used within 1 scheduling period when multiple copies of the same information are provided.


� Ofcourse this problem can also be solved for RLC UM, which would mean introducing a separate segmentation layer above RLC UM. However this is considered an inefficient double implementation of functionality.





