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Simulation results for PDAN in MBMS
1
Introduction

Based on the PDAN based feedback reported in [1], this document reports simulation results, in terms of the number of MSs able to send PDAN and the percentage of stall condition of the transmit window on the BSS side. The following simulation assumptions were considered for the reported results:
· BS_CV_MAX = 3 ÷ 4
· RRBP = 00 (corresponding to 2 block periods after sending the block including the RRBP field on the DL and before sending the PDAN on the UL)
· BLER = 10%
· Selective ARQ algorithm: retransmission threshold [30%, 20%, 10%]
Preliminary results are also provided in terms of perceived RLC throughput/PDCH and RLC SDU error rate in case of EGPRS MCS-6, with a BLER uniformly distributed within the range [0% ÷ 10%] and an RLC SDU size of 500 bytes.
2
Simulation results 
The Table 1 reports the number of MSs able to send PDAN and the percentage of stall condition in case of GPRS with a (4 + 1) configuration. In the selective ARQ algorithm [1], the retransmission threshold relevant to the percentage of MSs requesting the retransmission of a specific radio block is set to X% [30%, 20%, 10%], i.e. more than X% of the MSs are requesting the retransmission of a specific radio block in order to get that radio block retransmitted. In order to minimize the loss of radio blocks including a valid RRBP field (which would lead to missing PDAN and consequently increasing stall conditions), the RRBP is set valid in all the radio blocks transmitted on all the PDCHs used within a specific radio block period, i.e. 4. This implies that, regardless of the PDCH over which the RRBP is received, the PDAN is anyway transmitted on the only available PDCH on the UL.

Table 1 – Number of MSs able to send PDAN and percentage of stall condition in GPRS
	Retransmission threshold
	No of PDCHs
	RLC window size
	BS_CV_MAX
	No of MSs sending PDAN
	Percentage of stall condition

	30%
	4
	64
	4
	8
	0,012%

	20%
	4
	64
	4
	8
	0,042%

	10%
	4
	64
	4
	8
	0,071%


The Table 2 reports the number of MSs able to send PDAN and the percentage of stall condition in case of EGPRS with a (4 + 1) configuration. In the selective ARQ algorithm [1], the retransmission threshold relevant to the percentage of MSs requesting the retransmission of a specific radio block is again set to [30%, 20%, 10%]. In such a case, the RRBP field is set valid in only one radio block, transmitted on the PDCH corresponding to the one over which the PDAN is transmitted on the UL, as specified by the standard. In fact, in such a case, the RLC window size is wide enough to avoid stall conditions even in case of missing PDAN. The results are reported for 3 values of the window size: the minimum one (160) an average one (320) and the maximum one (512) for the (4 + 1) configuration.  
Table 2 – Number of MSs able to send PDAN and percentage of stall condition in EGPRS
	Retransmission threshold
	No of PDCHs
	RLC window size
	BS_CV_MAX
	No of MSs sending PDAN
	Percentage of stall condition

	30%
	4
	160
	3
	16
	1,607%

	20%
	4
	160
	3
	16
	3,791%

	10%
	4
	160
	3
	16
	10,712%

	30%
	4
	160
	4
	16
	1,863%

	20%
	4
	160
	4
	16
	4,200%

	10%
	4
	160
	4
	16
	11,361%

	30%
	4
	320
	3
	16
	0,007%

	20%
	4
	320
	3
	16
	0,020%

	10%
	4
	320
	3
	16
	0,047%

	30%
	4
	320
	4
	16
	0,009%

	20%
	4
	320
	4
	16
	0,022%

	10%
	4
	320
	4
	16
	0,057%

	30%
	4
	512
	3
	16
	0%

	20%
	4
	512
	3
	16
	0%

	10%
	4
	512
	3
	16
	0%

	30%
	4
	512
	4
	16
	0%

	20%
	4
	512
	4
	16
	0%

	10%
	4
	512
	4
	16
	0%


Obviously, the lower the retransmission threshold in order to get a specific radio block retransmitted, the higher the percentage of stall condition of the transmit window, apart from the maximum window size for which the stall condition does not occur.

The Table 3 highlights the number of erroneous radio blocks over 10,000 transmitted blocks with a BLER uniformly distributed within the range [0% ÷ 10%], the number of the retransmitted ones with a retransmission threshold equal to 10%, the maximum number of occurred retransmissions per radio block in order to get it correctly received by all the MSs, the perceived RLC throughput/PDCH in case of EGPRS MCS-6 for a (4 + 1) configuration, and the RLC SDU error rate, depending on the number of EGPRS users involved in the MBMS session. The RLC SDU size has been set to 500 bytes. The errors affecting the radio blocks are assumed to be statistically independent, i.e. no fading channel correlation has been taken into account in these preliminary results. No IR gain has been considered. The RLC window size has been set to 512. Up to 9 MSs have been taken into account, since in such a case the retransmission algorithm is de facto exhaustive (such as proposed in [2]), with a retransmission threshold equal to 10%. For a higher number of MSs (up to 16) at least 2 MSs have to request the retransmission of a specific radio block in order to get that radio block actually retransmitted. Since the errors have been assumed statistically independent, starting from 10 MSs the number of retransmitted radio blocks is remarkably lower than the number of erroneous radio blocks, leading to a high percentage of lost radio blocks and consequently to extremely high and unacceptable RLC SDU error rates.
Table 3 – Perceived RLC throughput/PDCH and RLC SDU error rate versus the number of EGPRS users – MCS-6, RLC SDU size of 500 bytes, BLER within the range [0% ÷ 10%], no IR gain, exhaustive retransmission algorithm
	No of EGPRS users
	No of erroneous radio blocks over 10,000 transmitted ones
	No of retransmitted radio blocks
	Max No of retransmissions per radio block
	Perceived RLC throughput/PDCH [kbps/PDCH]
	RLC SDU error rate

	1
	503
	560
	6
	28.0
	0%

	2
	970
	1080
	6
	26.7
	0%

	3
	1426
	1591
	7
	25.5
	0%

	4
	1856
	2077
	6
	24.5
	0%

	5
	2260
	2534
	7
	23.6
	0%

	6
	2653
	2979
	6
	22.8
	0%

	7
	3021
	3405
	6
	22.1
	0%

	8
	3358
	3795
	6
	21.5
	0%

	9
	3696
	4186
	6
	20.9
	0%


Based on the previously highlighted results, the Table 4 reports the same performance measurements included in the Table 3, for a number of EGPRS users ranging from 10 to 16, with the same simulation assumptions and with the exhaustive retransmission algorithm described in [2].

Table 4 – Perceived RLC throughput/PDCH and RLC SDU error rate versus the number of EGPRS users – MCS-6, RLC SDU size of 500 bytes, BLER within the range [0% ÷ 10%], no IR gain, exhaustive retransmission algorithm

	No of EGPRS users
	No of erroneous radio blocks over 10,000 transmitted ones
	No of retransmitted radio blocks
	Max No of retransmissions per radio block
	Perceived RLC throughput/PDCH [kbps/PDCH]
	RLC SDU error rate

	10
	4006
	4550
	6
	20,3
	0%

	11
	4305
	4902
	6
	19,9
	0%

	12
	4598
	5247
	6
	19,4
	0%

	13
	4870
	5571
	6
	19,0
	0%

	14
	5129
	5891
	7
	18,6
	0%

	15
	5367
	6174
	7
	18,3
	0%

	16
	5596
	6459
	6
	18,0
	0%


3
Conclusions
Based on the reported results, up to 8 MSs are able to send PDAN for a (4 + 1) configuration in GPRS, with a negligible percentage of stall condition (0,071% with a retransmission threshold equal to 10%). In EGPRS the number of MSs able to send PDAN is equal to the maximum one, i.e. 16/PDCH, with a negligible percentage of stall condition in case the window size is set to an average value (otherwise, if the window size is the maximum one, there is not any stall condition at all). It is advisable not to set the RLC window size to the minimum value, i.e. 160 with 4 PDCHs, since in such a case the percentage of stall condition is roughly 11% with a retransmission threshold equal to 10%. 
Finally, a first estimate of the perceived RLC throughput/PDCH and of the RLC SDU error rate has been performed in case of EGPRS MCS-6 with a BLER uniformly distributed within the range [0% ÷ 10%] and statistically independent errors occurrence. The retransmission algorithm is exhaustive, leading to 0% RLC SDU error rate performance, whatever the number of users ranging from 1 up to 16. The perceived RLC throughput/PDCH ranges from 28 kbps (1 user) to 18 kbps (16 users), even without considering the IR gain. 
Based on the shown results, it is therefore suggested to select the PDAN based feedback procedure specified in [2].  
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