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1
Introduction

This document reports some examples in terms of technical estimate of the expected throughput performance in MBMS with Block Repetitions and PDAN features [1]. Both EGPRS (MCS-6) and GPRS (CS-3) are taken into account. The throughput performance are estimated at the application layer.
2
Block Repetitions

The current working assumption in GERAN for MBMS is that of considering MSs able to handle up to 6 PDCHs on the DL for the data transfer + 1 PDCH on the DL for (P)BCCH/(P)CCCH monitoring + 0 PDCH on the UL (the network shall consider the MS to be in packet idle mode during an MBMS p-t-m transmission). This configuration fits in case of Block Repetitions: the radio blocks are sent on the DL and retransmitted N times, in order to guarantee they are correctly received by almost all the MSs involved in that MBMS session (EGPRS takes advantage of Incremental Redundancy on the MS side, compared to GPRS).
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Figure 1: Maximum configuration with Block Repetitions

The configuration reported in Fig. 1 is possible in the following cases:

· If the PBCCH is not present in the cell, the radio resource allocation for the MBMS session has to be performed on the BCCH carrier and the BCCH carrier has to be removed from the hopping sequence;
· If the PBCCH is present in the cell (mapped on TN0 relevant to a TRX different from the one allocated for the BCCH carrier), the radio resource allocation for the MBMS session has to be performed on the same carrier PBCCH/PCCCH is mapped on. FH may be used, provided that the same hopping sequence is applied on both TN0 PBCCH/PCCCH is mapped on and PDCHs the MBMS session is allocated on. Moreover, the Gs interface is required and the support of NMO I shall be mandatory in order to guarantee paging co-ordination.

If 5 PDCHs (instead of 6) are allocated for the data transfer in case of Block Repetitions, a possible configuration is reported in Fig. 2: if the PBCCH is not present in the cell, it is not required any more that the radio resource allocation for the MBMS session is performed on the BCCH carrier, FH may be used  and the BCCH carrier is not required any more to be removed from the hopping sequence. If the PBCCH is present in the cell (mapped on TN0 relevant to a TRX different from the one allocated for the BCCH carrier), the radio resource allocation for the MBMS session can be performed on a carrier different from the one PBCCH/PCCCH is mapped on. FH may be used and it is not required any more that the same hopping sequence is applied on both TN0 PBCCH/PCCCH is mapped on and PDCHs the MBMS session is allocated on. As previously described, the Gs interface is required and the support of NMO I shall be mandatory in order to guarantee paging co-ordination.
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Figure 2: a 5-PDCH (+ 1-PDCH) configuration with Block Repetitions

Assuming MCS-6 (29.6 kbps/PDCH at the RLC layer with BLER = 0), N = 3 retransmissions (included the 1st transmission), the achievable throughput at the RLC layer is 49.3 kbps
.

With the maximum configuration reported in Fig. 1 and the same above mentioned assumptions, the RLC throughput is 59.2 kbps and the application throughput is around 45 kbps.

3
PDAN

In the case of PDAN (Packet Downlink Ack/Nack) the maximum configuration is represented by 4 PDCHs on the DL for the data transfer + 1 PDCH on the DL for (P)BCCH/(P)CCCH monitoring + 1 PDCH on the UL for sending PDAN messages (also in such a case the network shall consider the MS to be in packet idle mode during an MBMS p-t-m transmission).
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Figure 3: Maximum configuration with PDAN
The configuration reported in Fig. 3 is possible in the same cases listed for the Block Repetitions scheme represented in Fig. 1.
If 3 PDCHs (instead of 4) are allocated for the data transfer in case of PDAN, a possible configuration is reported in Fig. 4: based on simulation results [2], assuming MCS-6, the achievable throughput at the RLC layer
 is 81 kbps with 1 user and BLER uniformly distributed within the range [0% ÷ 18%] (corresponding to an average BLER equal to 9%). 
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Figure 4: a 3-PDCH (+ 1-PDCH) + 1-PDCH configuration with PDAN
In case of PDAN with 3 PDCHs, it is therefore possible to multiplex on an average 1.6 MBMS p-t-m radio bearers on the same radio resources [3] and guarantee the same throughput performance achieved in case of Block Repetitions with 5 PDCHs, leading to an RLC throughput around 50 kbps/MBMS session. Nevertheless, in case of PDAN the throughput depends on the number of the users sending feedbacks. Based on simulation results [2], it is expected an RLC throughput around 15.7 kbps/PDCH when 16 users are sending feedbacks
 with a BLER uniformly distributed within the range [0% ÷ 18%] (corresponding to an average BLER equal to 9%). Over 3 PDCHs the achievable RLC throughput
 is therefore 47 kbps, which is roughly aligned with the throughput performance achieved in case of Block Repetitions with 5 PDCHs for an MBMS session. 
This allows to achieve a sort of loose synchronisation of the MBMS content across cells using Block Repetitions and cells using PDAN, depending in the latter case on the number of users involved in an MBMS session on a per-cell basis.

The configuration reported in Fig. 4 is possible in the same cases reported for the Block Repetitions scheme represented in Fig. 2.

 With the maximum configuration reported in Fig. 3 and the same above mentioned assumptions, in case of 1 user the RLC throughput is 108 kbps and the application throughput is around 82 kbps; in case of 16 users the RLC throughput is 62.8 kbps and the application throughput is around 48 kbps.  

4 Conclusions

Based on the reported evaluations, the Table I reports an overview of the expected application throughput performance in EDGE (MCS-6) and GPRS (CS-3) for both Block Repetitions and PDAN solutions, depending on the number of allocated PDCHs for the data transfer in both cases and on the number of users involved in the MBMS session in case of PDAN. An estimate of 15% for the overhead introduced by FEC at the application layer (currently defined in SA4) has been considered for the purposes of this document. A BLER uniformly distributed within the range [0% ÷ 18%] (corresponding to an average BLER equal to 9%) has been taken into account.
It is expected that a sort of loose synchronisation of the MBMS content across cells using Block Repetitions and cells using PDAN is achieved when 16 users are involved in the same MBMS session in case of PDAN. If the number of the involved users decreases, a sort of loose synchronisation can be achieved by multiplexing up to 2 MBMS p-t-m radio bearers and GPRS and/or EGPRS TBFs on the same PDCHs in case of PDAN.
Table I: Examples of expected application throughput performance in MBMS
	EDGE (MCS-6)

	Block Repetitions
	5 PDCHs
	37 kbps

	
	6 PDCHs
	45 kbps

	PDAN
	3 PDCHs
	36 kbps (16 users)

	
	3 PDCHs
	61 kbps (1 user)

	
	4 PDCHs
	48 kbps (16 users)

	
	4 PDCHs
	82 kbps (1 user)

	GPRS (CS-3)

	Block Repetitions
	5 PDCHs
	18 kbps

	
	6 PDCHs
	22 kbps

	PDAN
	3 PDCHs
	19 kbps (13 users)

	
	3 PDCHs
	30 kbps (1 user)

	
	4 PDCHs
	28 kbps (8 users)

	
	4 PDCHs
	40 kbps (1 user)


Note: the reported number of PDCHs refers to the ones used for the data transfer only
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� Assuming an RLC SDU size of 500 bytes, in case of SDU of 446 bytes at the application layer, download services require to add the following headers: 16 bytes for FLUTE/ALC + 8 bytes for UDP + 20 bytes for IP + 4 bytes for SNDCP + 6 bytes for LLC = 54 bytes, leading to 500 bytes at the RLC layer. The throughput is therefore reduced to 89% of the original value, i.e. 43.9 kbps. Moreover, the throughput is further reduced due to the radio channel impairments (in case even with multiple retransmissions the radio block cannot be correctly received) and, above all, due to the overhead introduced by FEC at the application layer, (this feature is defined in SA4 and an estimate of 15% is considered for the purposes of this document). That implies the throughput at the application layer is around 37 kbps for an MBMS session with Block Repetitions over 5 PDCHs (MCS-6).   


� Based on the same assumptions reported in Note 1, the application throughput is around 61 kbps for an MBMS session with PDAN over 3 PDCHs and 1 user (MCS-6).


� It should be noted that the number of 16 users able to send feedbacks is achieved for EDGE. In GPRS, based on simulation results [4], the number should not exceed 8 in order to avoid a remarkable percentage of stall condition for the transmit window when 4 PDCHs are allocated for the data transfer. In case of 3 PDCHs, the number should not exceed 13. 


� Based on the same assumptions reported in Note 1, the application throughput is around 36 kbps for an MBMS session with PDAN over 3 PDCHs and 16 users (MCS-6).
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