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Further analysis of MBMS bearer definition

1 Introduction

[1]In  an analysis of possible solutions for the definition of the bearer for MBMS services is contained. In this document, further results are presented, some of which address comments raised during the discussion at the TSG GERAN MBMS Workshop.

2 Performance of p-t-m bearers

In [1] it was indicated that redundancy can be added both in the BM-SC or in the RAN. In the following sub-sections, the performance of these different cases is studied.

2.1 Redundancy in the BM-SC

Assuming that redundancy is added through the use of repetitions and that repetitions are added at the BM-SC, the SDU error rate is given by:
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where N is the number of RLC/MAC blocks that an SDU is made up of and K is the number of times an SDU is repeated.

Figure 1 and Figure 2 show the curves of the required BLER to achieve a target SDU error rate of 10-2 and 10-3, respectively, as a function of N (these figures had already been provided in [1]).
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Figure 1 - BLER required to achieve a target SDU error rate of 10-3
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Figure 2 - BLER required to achieve a target SDU error rate of 10-2

Let’s assume that SDUs are 500 octets long, as indicated in [2]. If MCS-1 is used, each RLC/MAC block contains 22 octets of RLC data, which means that N = 
[image: image4.wmf]ú

ú

ù

ê

ê

é

22

500

 = 23 RLC/MAC blocks are required. From Figure 1 and Figure 2 it can be seen that in order to achieve the target SDU error rate, the BLER needs to be lower than the values provided in the second column of Table 1 and Table 2.

	Number of repetitions
	Maximum

BLER
	C/I

(MCS-1)

	K = 1
	4.34991E-05
	≈ 16 ÷ 17 dB (*)

	K = 2
	0.001396136
	≈ 13 dB

	K = 3
	0.004570416
	≈ 12 dB

	K = 4
	0.008477151
	≈ 11 dB


Table 1 - BLER required for SDU error rate = 10-3
	Number of repetitions
	Maximum

BLER
	C/I

(MCS-1)

	K = 1
	0.000436876
	≈ 14 ÷ 15 dB (*)

	K = 2
	0.004570416
	≈ 12 dB

	K = 3
	0.01049397
	≈ 11 dB

	K = 4
	0.016391581
	≈ 10 dB


Table 2 - BLER required for SDU error rate = 10-2
Simulation for MCS-1 and MCS-3 have been performed; the results
 are provided in [3] and are repeated for convenience in Figure 3.
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Figure 3 - Simulation results for MCS-1 and MCS-3

From the curves, the values of the C/I for which the maximum BLER is obtained when using MCS-1 can be derived. These are shown in the third column of Table 1 and Table 2. Note that the values are approximate; also, the results indicated with an asterisk (*) have been obtained extrapolating the curves in Figure 3. Depending on the C/I distribution across a cell (which depends on the radio network planning), the required quality of service might be guaranteed not over the whole cell, but only over a portion of it.

2.2 Redundancy in the RAN – Simple repetitions

During the MBMS Workshop it has been agreed that the addition of redundancy in the GERAN will be allowed for MBMS. If redundancy is added through simple repetition of the RLC/MAC blocks (e.g. no Incremental Redundancy), assuming that the error events are independent (e.g. no soft combining in the receiver), the formula for the SDU error rate is:
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where k is the number of times an RLC/MAC block is repeated. Inverting this formula, it is possible to calculate the required BLER to achieve a certain target SDU as a function of N and k:
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In this case the curves are given in Figure 4 and Figure 5.
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Figure 4 - BLER required to achieve a target SDU error rate of 10-3
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Figure 5 - BLER required to achieve a target SDU error rate of 10-2
In order to achieve the target SDU error rate when SDUs are 500 octets long, the maximum values of the BLER allowed for each repetition are those given in the second column of Table 3 and Table 4. In the third column, the values of the C/I for which the maximum BLER is obtained when using MCS-1 are given
.

	Number of repetitions
	Maximum

BLER
	C/I

(MCS-1)

	k = 1
	4.34991E-05
	≈ 16 ÷ 17 dB (*)

	k = 2
	0.006595382
	≈ 11.5 dB

	k = 3
	0.035168997
	≈ 8.5 dB

	k = 4
	0.081211959
	≈ 7.5 dB


Table 3 - BLER required for SDU error rate = 10-3
	Number of repetitions
	Maximum

BLER
	C/I

(MCS-1)

	k = 1
	0.000436876
	≈ 14 ÷ 15 dB (*)

	k = 2
	0.020901571
	≈ 10 dB

	k = 3
	0.075878596
	≈ 7.5 dB

	k = 4
	0.144573756
	≈ 6 dB


Table 4 - BLER required for SDU error rate = 10-2
It can be seen that even when adding repetitions in the RAN, at least 3 repetitions are needed in order to achieve a satisfactory QoS at 9 dBs when using MCS-1 for SDUs of 500 octets, for a target SDU error rate of both 10-2 and 10-3.

As already pointed out in [1], this is a simplified analysis. For example, the impact on the SDU error rate of erroneous RLC/MAC blocks not being detected by the CRC check [4] is not taken into account.

2.3 Redundancy in the RAN – Incremental Redundancy

If soft combining or Incremental Redundancy is used, the formula for the SDU error rate becomes:
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where 
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 is the BLER after n replicas or Redundancy Versions of the same block have been combined in the receiver
. In this case, the required QoS is guaranteed if
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 is lower than the value given by the curve for k = 1 in Figure 4 and Figure 5. It is expected that 
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, as repetitions with soft combining in the receiver or Incremental Redundancy are expected to give a better performance than simple repetition.

For SDUs of 500 octets, the number of RLC/MAC blocks required is N = 23 for MCS-1 and N = 
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 = 14 for MCS-3. In Table 5 and Table 6 it is analysed whether with the two coding schemes it is possible to fulfil the requirements on the SDU error rate for MBMS services:

	
	BLER required to achieve PSER = 10-3
	BLER @ 9 dB

(from Figure 3)
	SDU FER requirement fulfilled?

	MCS-1 (with IR)
	4.35·10-5
	4·10-5
	yes

	MCS-3 (with IR)
	7.15·10-5
	10-4
	no


Table 5
	
	BLER required to achieve PSER = 10-2
	BLER @ 9 dB

(from Figure 3)
	SDU FER requirement fulfilled?

	MCS-1 (with IR)
	4.37·10-4
	4·10-5
	yes

	MCS-3 (with IR)
	7.17·10-4
	10-4
	yes


Table 6
From Table 5 it is possible to see that using MCS-1 (with two redundancy versions transmitted) it is possible to achieve an SDU error rate of 10-3 at 9 dB. The throughput that can be achieved is 4.4 kbit/s per timeslot. From Table 6 it can be seen that an SDU error rate of 10-2 at 9 dB can be achieved both with MCS-1 (with two redundancy versions transmitted) and with MCS-3 (with three redundancy versions transmitted). In this case, it is better to use MCS-3 because the throughput obtained with this coding scheme is higher: 4.93 kbit/s per timeslot.

As indicated in [3], further validation of the simulation results will be required before firm conclusions can be reached from them. For example, when including the effect of RF impairments in the simulations, the results could change in such a way that the conclusions just reached are no longer valid.

3 Changes required to the RLC protocol

At present, for (E)GPRS, the RLC can operate in only two possible modes: Acknowledged mode (RLC-AM) and Unacknowledged mode (RLC-UM). With MBMS, no acknowledgements are sent by the terminals receiving an MBMS service. Therefore RLC-AM cannot be used. If redundancy is added in the BM-SC, for p-t-m services the existing RLC-UM will be used, and no modifications are required to the RLC protocol. On the other hand, if redundancy is added in the RAN, a new RLC operating mode, specific to MBMS, will need to be introduced.

At present, in RLC-UM:

· the transmitter sends each block only once;

· because of the previous point, no Incremental Redundancy is performed, and no soft combining of the blocks in the receiver;

· the order of transmission of the RLC/MAC blocks needs to such that the blocks are RECEIVED in the correct order (no rearrangement of the received blocks is performed in the receiver)

If redundancy is added in the RAN, even if unacknowledged mode is used, each RLC/MAC block should be transmitted more than once (whether in each transmission each block is the exactly the same for the case of simple repetition, or a different redundancy version in the case of IR). Also, in the case of IR, the receiver should perform combining of the blocks even if RLC-AM is not used.

Assuming that all the channels allocated to an MBMS service have the same data rate
, the requirement in the third bullet point should not be affected by MBMS, provided that all blocks are transmitted sequentially and that all repetitions or redundancy versions of a block are sent one after the other. The only problem would be if (re)transmissions of the same block are not consecutive, but are staggered in time. This could be done to increase time diversity; however, it will probably not be needed if frequency hopping is used.

The modifications highlighted above are not considered to be major changes, and it is likely that it will be possible to implement them in existing EGPRS networks only through software upgrades in the BSC.

As an additional enhancement, it may possible to define a new RLC/MAC block structure for MBMS, removing from the header all the fields that are not required for MBMS, as explained in more detail in [1] and [3]. This would require the introduction of new coding schemes for MBMS.

4 Conclusions

In this contribution, Siemens has presented further analysis for MBMS p-t-m bearers. It has been shown that with the existing EGPRS coding schemes it would be possible to fulfil (some of) the SDU error rate requirements for MBMS, however the throughput that can be achieved is low. One possibility to improve the performance is to introduce new channel coding schemes for MBMS, more robust than those currently available on the PDTCH. This is investigated in [3].

The document also discussed the changes required to the RLC protocol required to support p-t-m data transmission. The conclusion is that a new RLC mode of operation will be needed for MBMS if redundancy is added in the RAN.
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6 Annex A - Ranges of Radio Access Bearer Service Attributes

The following table, which is an excerpt from Table 5 of TS 23.107 [5], lists the value ranges of the radio access bearer service attributes for the two traffic classes supported by MBMS (Streaming and Background). The value ranges reflect the capability of UTRAN. The values in the GERAN are still under discussion and may be different.

	Traffic class
	Streaming class
	Background class

	Maximum bitrate (kbps)
	<= 2 048 (1) (2)
	<= 2 048 - overhead (2) (3)

	Delivery order
	Yes/No
	Yes/No

	Maximum SDU size (octets)
	<=1 500 or 1 502 (4)
	<=1 500 or 1 502 (4)

	SDU format information
	(5)
	

	Delivery of erroneous SDUs
	Yes/No/-
	Yes/No/-

	Residual BER
	5*10-2, 10-2, 5*10-3, 10-3, 10-4, 10-5, 10-6 
	4*10-3, 10-5, 6*10-8 (6)

	SDU error ratio
	10-1, 10-2, 7*10-3, 10-3, 10-4, 10-5 
	10-3, 10-4, 10-6 

	Transfer delay (ms)
	250 – maximum value 
	

	Guaranteed bit rate (kbps)
	<= 2 048 (1) (2)
	

	Traffic handling priority
	
	

	Allocation/Retention priority
	1,2,3
	1,2,3

	Source statistic descriptor
	Speech/unknown
	

	Signalling Indication
	
	


1)
Bitrate of 2 048 kbps requires that UTRAN operates in transparent RLC protocol mode, in this case the overhead from layer 2 protocols is negligible.

2)
The granularity of the bit rate attributes shall be studied. Although the UMTS network has capability to support a large number of different bitrate values, the number of possible values shall be limited not to unnecessarily increase the complexity of for example terminals, charging and interworking functions. Exact list of supported values shall be defined together with S1, N1, N3 and R2.

3)
Impact from layer 2 protocols on maximum bitrate in non-transparent RLC protocol mode shall be estimated.

4)
In case of PDP type = PPP, maximum SDU size is 1502 octets. In other cases, maximum SDU size is 1 500 octets.
5)
Definition of possible values of exact SDU sizes for which UTRAN can support transparent RLC protocol mode, is the task of RAN WG3.

6)
Values are derived from CRC lengths of 8, 16 and 24 bits on layer 1.







� Note that the curve with IR shows the BLER obtained when all the available redundancy versions of an RLC/MAC block (two for MCS-1 or three for MCS-3) have been combined in the receiver. No RF impairments have been included in the simulations, so a further 1-2 dB may need to be added to the values given in � REF _Ref42925630 \h ��Table 1� and � REF _Ref42925631 \h ��Table 2� (and to the results given in the remainder of the paper). Also, the effect of header errors has not been taken into account. For further information on the simulation assumptions, see � REF _Ref42341980 \w \h � \* MERGEFORMAT �[3]�.


� As in the previous section, these results are approximate; also, the results indicated with an asterisk (*) have been obtained extrapolating the curves in � REF _Ref42946254 \h ��Figure 3�.


� Note that the performance could vary depending on the particular combining algorithm used.


� Subclause 9.3.0 of TS 44.060 (version 6.2.0) states: “When one or more PDCH/Fs are used in conjunction with one PDCH/H in the same direction, the RLC/MAC data blocks may not be received in the same sequence they were sent, due to the different data rates of the channels. In RLC unacknowledged mode, the sending entity shall re-order the RLC/MAC data blocks before transmission to ensure their reception in sequence.”
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