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1.
Introduction
In MBMS, it is expected that service related control information will be sent on a control channel referred to as the MCCH. This control information will include service specific information (e.g. what services are available, whether a session is currently in progress) as well as radio related information (e.g. MBMS S-CCPCH and MTCH RAB information). Each of these MCCH messages could therefore end up being quite large. It would of course be possible to split this information into multiple messages, however this would complicate both the use of synchronized re-configurations using activation times as well as the establishment of a simple transmission schedule. Hence, we may be left with messages sent on RLC UM occupying multiple TTIs.

Although it has not yet been decided, it seems to be most companies’ understanding that the MCCH information will need to be transmitted periodically in order to reach UEs that are just starting to monitor MBMS (see [1] and [2]). In [1] it was proposed to perform the segmentation of these messages in RRC so as to enable the UE to re-construct a message based on segments received during different re-transmissions. In this document we are re-visiting the rationale for this proposal, and we are proposing to introduce this functionality at Layer 2.
2.
Proposal

In [1], it was proposed to introduce a segmentation mechanism specific to MBMS control information in RRC. This mechanism would make use of a value tag and sequence numbers to determine whether data from different TTIs can be combined together to re-construct a single message. 

In our opinion this would represent a duplication of functionality and overhead with regards to what is already available in RLC. Indeed, during RAN2 #40, it was agreed that there was a benefit to modifying RLC-UM in order to support out-of-sequence reception. This was seen as especially relevant in the case of selection combining of data coming from different cells, but would be equally applicable in this case. When re-transmitting the same message on the MCCH, the UTRAN would use the exact same RLC PDUs (including sequence number, LIs and so on). The UE would maintain a receiver window and would be able to combine PDUs from different transmissions in order to re-construct a message. Whenever the MBMS control message changes, the sequence number would be advanced.

The performance of the two alternative schemes is exactly the same. The advantage of enabling this functionality in RLC is that it could be made accessible to other services and/or messages in addition to MBMS. For example, the RRC connection setup message which is sent in downlink using RLC-UM can be quite large (6 or 7 TTIs) and would significantly benefit from the use of such a scheme.
3.
Performance comparison
3.1
Analysis
When transmitting multiple times a message that spans several TTIs, there is a benefit to allowing the receiver to combine this information across re-transmissions. Let’s consider a simple example:
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In the first case, each transmission needs to be de-coded independently of every other. Therefore, if k is the number of TTIs needed in order to send Message 1, n is the number of transmissions of this information and p is the probability of error on any given TTI, the probability of decoding correctly is:


[image: image2.wmf](

)

(

)

n

k

L

p

P

-

-

-

=

1

1

1

3


In the second case, the exact same PDUs (including the sequence numbers would be sent during the second transmission. Therefore, the probability of decoding correctly is the probability of receiving at least one of the two transmissions for each PDU correctly. Therefore, based on the parameters defined above, the probability of decoding correctly would be:
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When the entire message is carried in a single TTI, 
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. However, as the number of TTIs it takes to transmit the message increases, we always have: 
[image: image5.wmf]3

2

L

L

P

P

>

.
3.2
The Numbers

The results below are based on the equations provided above:
	2 Transmissions Per Message (n)

	P
	TTIs/Msg (k)
	1
	2
	3
	4
	5
	6
	7
	8
	9

	0.01
	L3 QR
	99.99
	99.96
	99.91
	99.84
	99.76
	99.66
	99.54
	99.40
	99.25

	
	L2 QR
	99.99
	99.98
	99.97
	99.96
	99.95
	99.94
	99.93
	99.92
	99.91

	0.05
	L3 QR
	99.75
	99.05
	97.97
	96.56
	94.88
	92.98
	90.90
	88.67
	86.33

	
	L2 QR
	99.75
	99.50
	99.25
	99.00
	98.76
	98.51
	98.26
	98.02
	97.77

	0.1
	L3 QR
	99.00
	96.39
	92.66
	88.17
	83.23
	78.05
	72.78
	67.56
	62.47

	
	L2 QR
	99.00
	98.01
	97.03
	96.06
	95.10
	94.15
	93.21
	92.27
	91.35

	0.2
	L3 QR
	96.00
	87.04
	76.19
	65.14
	54.80
	45.56
	37.54
	30.74
	25.04

	
	L2 QR
	96.00
	92.16
	88.47
	84.93
	81.54
	78.28
	75.14
	72.14
	69.25

	0.3
	L3 QR
	91.00
	73.99
	56.84
	42.26
	30.79
	22.15
	15.79
	11.20
	7.91

	
	L2 QR
	91.00
	82.81
	75.36
	68.57
	62.40
	56.79
	51.68
	47.03
	42.79


	3 Transmissions Per Message (n)

	P
	TTIs/Msg (k)
	1
	2
	3
	4
	5
	6
	7
	8
	9

	0.01
	L3 QR
	100.00
	100.00
	100.00
	99.99
	99.99
	99.98
	99.97
	99.95
	99.94

	
	L2 QR
	100.00
	100.00
	100.00
	100.00
	100.00
	100.00
	100.00
	100.00
	100.00

	0.05
	L3 QR
	99.99
	99.91
	99.71
	99.36
	98.84
	98.14
	97.25
	96.19
	94.94

	
	L2 QR
	99.99
	99.98
	99.96
	99.95
	99.94
	99.93
	99.91
	99.90
	99.89

	0.1
	L3 QR
	99.90
	99.31
	98.01
	95.93
	93.13
	89.71
	85.80
	81.53
	77.01

	
	L2 QR
	99.90
	99.80
	99.70
	99.60
	99.50
	99.40
	99.30
	99.20
	99.10

	0.2
	L3 QR
	99.20
	95.33
	88.38
	79.42
	69.61
	59.83
	50.64
	42.36
	35.10

	
	L2 QR
	99.20
	98.41
	97.62
	96.84
	96.06
	95.29
	94.53
	93.78
	93.03

	0.3
	L3 QR
	97.30
	86.73
	71.64
	56.12
	42.42
	31.31
	22.73
	16.32
	11.62

	
	L2 QR
	97.30
	94.67
	92.12
	89.63
	87.21
	84.85
	82.56
	80.33
	78.17


4.
Conclusion

Allowing the combination of PDUs from different transmissions of the same message is very useful from a reliability perspective. Given that handling of out-of-sequence in RLC-UM is anyway required for support of selection combining, the support of this functionality at Layer-2 would be automatic, whereas introducing it at layer 3 would require the definition of a brand new segmentation/concatenation as well as frame formatting scheme. Furthermore, introducing this functionality in RLC would allow the benefits to be extended to other scenarios such as for regular downlink CCCH or RLC-UM DCCH. 
It is therefore proposed to extend the support of re-ordering to any RLC-UM entity and to allow the re-transmission of PDUs at Layer 2 in downlink. Although the benefits would also be available in uplink, the decision of when to re-transmit would need to be left up to the UE. Indeed, a network configuration would probably prove too cumbersome.
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