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Performance of FLO with one transport block per transport channel per TTI

1 Introduction

In [1] the performance of FLO with multiple transport blocks (mTrBlks) per transport channel (TrCH) per TTI was compared to EGPRS. In this contribution a comparison is made with alternative RLC/MAC functionality in having one transport block (TrBlk) per transport channel (TrCH) per TTI. The same simulation architecture to that in [1] has been used and is detailed in section 2. The performance of the single transport block strategy is investigated with and without transport block splitting. Results are presented for EGPRS RLC-AM and for FLO RLC-AM (with and without multiple transport blocks per transport channel per TTI) with interleaving depths of 20ms.

2 Simulation model and assumptions

The model assumes a downlink dedicated resource based on the PDTCH + SACCH proposal for Gb [2]. The simulations use a two-stage approach. The lower stage is a link level simulation and provides BLER, RBER information on a certain transport format combination or modulation and coding scheme, for a given C/I range. The performance curves are presented in Annex A. From these results, a 2-dimensional lookup table is constructed with the TFC/MCS and C/I as the input and BLER as the output. The upper stage uses this information and simulates layer 2 and 3 functionality based on the EGPRS protocols.
A block diagram of the upper level simulation is shown in Figure 1.
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Figure 1: Upper layer simulation block diagram

The upper level model consists of an RTP packet generator based on an MPEG-4 profile (stage 1), an RLC/MAC model (stages 2/4), a physical channel model (stage 3) and a link adaptation algorithm (stage 5). The models in stages 2 and 4 are different for each of the scenario simulated (EGPRS RLC-AM and FLO RLC-AM).

Stage 1 generates RTP packets based on the MPEG-4 profile with average video bit-rate of 48kbits/s. Additionally, the LLC layer header and the frame check sequence are added at stage 1. The packets are then passed to the RLC/MAC layer, which performs segmentation, buffering and retransmissions. The physical channel model is modelled in stage 3. A shadow fading profile is used to model the received power and the lookup table is used to determine the BLER for the given C/I and the current TFC/MCS supplied by the LA algorithm. Based on the value of the BLER, packets are either considered as successfully received or are erased, and a retransmission is requested. Link adaptation is performed in stage 5, based on measurement reports provided by stage 4. A set of thresholds defines the minimum C/I value at which the TFC/MCS should be used. Finally, stage 6 carries out an analysis of the system throughput, SDU frame erasure rate and delay.

2.1  RLC/MAC

This section details the RLC/MAC modelling used in the two simulation scenarios, EGPRS RLC-AM and FLO RLC-AM.

2.1.1 EGPRS RLC-AM

Two families are used consisting of MCS 2-5-7 carrying 28, 56 and 112 octets respectively, and MCS 6-9 carrying 74 and 148 octets respectively. Blocks transmitted with MCS 5,6,7 or 9 can be retransmitted using any MCS within the family. LLC concatenation has been used to avoid the use of padding. At the receiver, blocks are marked as NACK if the header is correctly received, but the payload is erroneous. Blocks with a valid header and payload are marked ACK. Blocks whose header is erroneous remain marked as INVALID and are then marked as NACK when the BTS requires an acknowledgment.

The maximum window size of 256 blocks for two timeslots has been used to minimise the likelihood of transmission window stalling. When the RLC/MAC transmit buffer reaches 24 blocks full (480ms) the BTS polls the MS for acknowledgment of the RLC/MAC blocks sent. This polling threshold was used to keep the average LLC transmission delay significantly lower than the LLC discard timer of 2seconds, and to minimise the chance of transmit window stalling. The full acknowledgment bitmap is sent (using the Packet Downlink ACK/NACK message as specified in 3GPP TS 44.060) and is assumed to fit into one RLC/MAC block over the PACCH. 

The SACCH is unmodified and is used to carry the enhancement measurement reports for link adaptation.

2.1.2 FLO RLC-AM with multiple transport blocks (mTrBlks) per transport channel (TrCH) per TTI

As illustrated in Figure 2, for FLO the RLC layer segments the LLC frames into RLC blocks of a fixed size (22 octets). A two octet (to keep overheads to a minimum) RLC/MAC header is then added to each RLC block to form a transport block [3]
. The transport formats are designed such that each transport format combination carries n transport blocks. The advantage of this is that it allows link adaptation to be performed over all the transport format combinations without the need for grouping the transport formats into families (as for EGPRS) and avoids any requirement to re-segment the blocks. Each transport block is protected with a separate 12 bit CRC as done in the UTRAN. The advantage is that only transport blocks for which the CRC decoding detects errors will be discarded, but additional overhead is introduced. 
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Figure 2: RLC/MAC functionality for FLO with multiple transport blocks per transport channel per TTI.

2.1.3 FLO RLC-AM with one transport block (TrBlk) per transport channel (TrCH) per TTI

Figure 3 illustrates the RLC/MAC functionality for FLO with one transport block per transport channel per TTI. In this case each TFC carries one transport block. The block payload and header are concatenated and protected with a single 12-bit CRC. In the simulations presented in this paper, the TFCS has been designed with two groups, one consisting of transport block sizes of 31, 62, 124 octets and the other 22, 44, 88 octets. The split block indicator field is included in the header and allows a block to be split into two halves once. For example, TFC 6 carrying 124 octets can be alternatively retransmitted as two TFC 4 radio packets, consisting of 62 octets each. In TR 45.902, the length indicator used to indicate lengths of LLC frames is 7 bits, limiting the maximum transport block size to 127 octets. Thus, with 3 TFCs in each group the maximum size is 124 octets. The advantage of this scheme is that the header overhead is significantly less than in the case where there a multiple transport blocks carried over a single TrCH. However, the link adaptation is restricted by the fact that blocks can only be segmented once. For this architecture two simulations have been simulated, one with block splitting allowed (block splitting enabled) and the other where retransmissions are restricted to the original TFC (block splitting disabled).
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Figure 3: RLC/MAC functionality for FLO with one transport block per transport channel per TTI.

3 Simulation summary 

Table 1 summarises the common parameters used for all the scenarios simulated.

	No. of RLC/MAC blocks simulated
	100000 on 2 timeslots

	Logical channels
	Dedicated. PDTCH + SACCH. Downlink. PACCH uplink channel for acknowledgments.

	QoS
	Target 10-2 to 10-3 for RTP SDU error rate. 

	MPEG-4 traffic profile
	Variable bit rate (VBR) mode. 48 kbit/s. Total bit rate required including all header: 54kbit/s

Maximum RTP packet size: 1400 bytes.

QuickTime codec. I-VOP every 1s. Medium video quality, poor rate control. 

	Radio Channel Profile
	TU 3 with ideal frequency hopping. Log-Normal Fading, correlation distance: 20m, standard deviation: 7 dB. Interference, Rx power, fast and slow fading on each timeslot are assumed to be highly correlated.

	Multislot traffic channel
	Two timeslots. High fading correlation between slots. The same interference is assumed for both timeslots.

	Error Protection
	Equal Error Protection (EEP).

	Link Adaptation
	Enhanced measurement reports over SACCH every 480ms. The same TFC/MCS is used on both timeslots.

	ROHC
	No header compression. 40 byte RTP/IP/UDP header.

	SNDCP functionality
	SNDCP header: 2 bytes

	LLC functionality
	LLC is operated in unacknowledged mode. LLC header size: 2 bytes. FCS: 3 bytes. 

LLC frame concatenation. Frames discarded after an LLC discard time of either 2 or 5 seconds. Frames which are in the process of being transmitted are not discarded even if their lifetime exceeds the LLC discard time. Buffer size = 4 LLC frames.


Table 1 - Common simulation parameters

Table 2 summarises the parameters used for the four scenarios simulated.

	
	EGPRS RLC-AM
	FLO RLC-AM with multiple transport blocks per transport channel per TTI
	FLO RLC-AM with one transport blocks per transport channel per TTI

	Link Adaptation
	Switching points optimised for maximum throughput (approximate BLER = 20%)

	RLC/MAC functionality
	Acknowledged mode. MCS 2,5,6,7,9. Reduced 2-octet header used as detailed in [3]. Bitmap sent in the Packet Downlink ACK/NACK message.
	Acknowledged mode. Reduced 2-octet header. 12- bit CRC applied to each transport block within the transport format combination. Bitmap sent in the Packet Downlink ACK/NACK message.
	Acknowledged mode. Reduced 2-octet header. 12-bit CRC applied to each transport block within the transport format combination. Bitmap sent in the Packet Downlink ACK/NACK message

	Window Size
	256

	Approximate Acknowledgement period (polling)
	480ms (every 24 blocks)

	Uplink BLER
	Dynamic.

	Round trip time (RTT)
	80ms (20ms interleaving)

	Physical channel characteristics
	GMSK and 8PSK modulation. 20ms interleaving depth
	8PSK modulation only. 20ms interleaving depth.
	8PSK modulation only. 20ms interleaving depth.

	FLO transport format combinations
	-
	6 TFCs. Base size of 22 octets. 1 TrCH, header and data coded together.
	6 TFC, two groups. One consisting of 22,44,88 octet transport blocks, and one with 31,62,124 octet transport blocks. With and without block splitting.


Table 2 - Simulation parameters for the different scenarios, EGPRS/FLO RLC AM.
4 Results and Discussion

Figure 4 shows the throughput vs C/Ic for EGPRS and FLO. When considering the throughput performance it can be seen that there is little difference between EGPRS and FLO.
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Figure 4: Throughput for RLC-AM for FLO with one or multiple transport blocks per transport channel, and EGPRS v. mean received C/I.

FLO with mTrBlks per TrCH and FLO with one TrBlk per TrCH without block splitting provide very similar throughput. The slightly poorer performance of FLO with one TrBlk per TrCH without block splitting at high C/I, is as a result of having a different TFCS, which limits the maximum throughput. The performance of FLO with one TrBlk per TrCH with block splitting is poorer at low C/I levels. There are several possible reasons for the poor performance of FLO with block splitting:

· One limitation with the proposed block splitting approach is that a transport block can only be split once. For example, if a transport block was original transported with TFC 6, then it can only be retransmitted with TFC4 or TFC6. If the channel conditions deteriorate rapidly then there is no choice but to use TFC4, even if it would be best to use a more robust TFC.

· If the channel conditions are very bad the acknowledgment window may stall. Splitting of the transport blocks introduces additional delay, which in turn leads to more LLC frames being discarded and a lowering of the overall throughput.

· The acknowledgment mechanism only allows the acknowledgment of the original transport blocks. The two halves of a split transport block cannot be acknowledged independently.

· With good channel conditions the probability that the transport block would be successfully transmitted with original transport format combination is relatively high, thus splitting of the transport blocks does not improve the throughput compared to the non-splitting case.

It is important to note that an alternative algorithm for performing block splitting may lead to improvements in the throughput, but in general it appears that when there is a single TrBlk per TrCH per TTI, retransmissions with the original TFC provides better performance.

Figure 5, Figure 6, Figure 7 and Figure 8 shows pdf and cdf distributions for the RTP packet delay for EGPRS, FLO with mTrBlks per TrCH, FLO with one TrBlk per TrCH without block splitting and FLO with one TrB per TrCH with block splitting respectively.
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Figure 5: Pdf and Cdf for RTP SDU packet delay at 13 dB for EGPRS.
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Figure 6: Pdf and Cdf for RTP SDU packet delay at 13 dB for FLO with multiple transport blocks per transport channel, with 20ms interleaving
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Figure 7: Pdf and Cdf for RTP SDU packet delay at 13 dB for FLO with one transport block per transport channel, with block splitting enabled, with 20ms interleaving
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Figure 8: Pdf and Cdf for RTP SDU packet delay at 13 dB for FLO with one transport block per transport channel, with block splitting disabled, with 20ms interleaving

Table 3 summaries delay times for, 90%and 95% of packets delivered, and the average delay. For both EGPRS and FLO with one TrBlk per TrCH, the average delay of the packets is the same. The ability of FLO with mTrBlks per TrCH to acknowledge each block within a radio packet independently leads to a average packet delay improvement of around 40ms. Superior performance at the 90% and 95% intervals is also seen. EGPRS and FLO with one TrBlk per TrCH with block splitting disabled, perform similarly, as would be expected. Poor performance is observed again for FLO with block splitting leading to large delays at the 99.9% and 100% intervals. These large delays probably occur when the transmit window is stalling and it becomes very inefficient to split every block. A possible improvement may be observed if the algorithm is modified to disable block splitting at low C/I levels.

	
	EGPRS
	FLO with multiple transport blocks per transport channel per TTI
	FLO with one transport block per transport channel per TTI (block splitting enabled)
	FLO with one transport block per transport channel per TTI (block splitting disabled)

	Average delay (mode)
	300 ms 
	260 ms
	300 ms
	300ms

	90% of packets delivered within 
	660 ms
	620 ms
	990 ms
	1000 ms

	95% of packets delivered within
	860 ms
	880 ms
	1290 ms
	1350 ms

	99% of packets delivered within
	2060 ms
	1800 ms
	2640 ms 
	2520 ms

	99.9% of packets delivered within
	5700 ms
	4000 ms
	>20000 ms
	4330 ms

	100% of packets delivered within
	>10000ms
	>10000 ms
	>30000 ms
	>10000 ms


Table 3: RTP SDU delay statistics for EGPRS and FLO (C/I = 13 dB).

Figure 9 shows the SDU FER vs C/Ic performance for EGPRS and FLO. FLO with multiple transport blocks per TrCH provides the best performance.
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Figure 9: RTP SDU FER for RLC-AM for FLO with one or multiple transport blocks per transport channel and EGPRS v. mean received C/I.

The SDU FER is related to the delay and the LLC discard time. As the delay of the LLC frames increases, the number of LLC frames being discarded increases and this results in an increase of the overall SDU FER. As discussed earlier, the delay for LLC frames is lowest for FLO with mTrBlks per TrCH, which in turn leads to the best SDU FER performance. A gain of around 5dB is observed when using mTrBlks per TrCH in comparison to the single TrBlk and EGPRS cases. The performance of EGPRS and FLO with a single TrBlk per TrCH is similar, with the slightly increased delay for the FLO configuration, which results in an increased SDU FER. FLO with block splitting has the poorest SDU FER performance owing to the increased delay resulting from the block splitting particularly at low C/I. 

Adjusting the LLC discard time allows the SDU FER to be changed to meet the QoS requirements for a particular service. Additional simulations were performed to investigate the effect of adjusting the LLC discard time on the throughput, SDU FER and LLC frame delay. 

Figure 10 shows the throughput for FLO with mTrBlks per TrCH and EGPRS with LLC discard times of 2 seconds and 5 seconds. It is observed that the difference in throughput when using the different LLC discard times is negligible.
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Figure 10: Throughput for RLC-AM for FLO with multiple transport blocks per transport channel per TTI, and EGPRS v. mean received C/I with LLC discard times of 2 seconds and 5 seconds.

The SDU FER for EGPRS and FLO with mTrBlks per TrCH is shown in Figure 11. With EGPRS there is some improvement in the SDU FER when a 5 seconds LLC discard time is used. A larger performance benefit is observed for FLO with mTrBlks per TrCH, with an additional improvement of approximately 2dB. This result further demonstrates that there is a benefit in using FLO with mTrBlks per TrCH.
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Figure 11: RTP SDU FER for RLC-AM for FLO with multiple transport blocks per transport channel per TTI and EGPRS v. mean received C/I with LLC discard times of 2 seconds and 5 seconds

Table 3 compares the packet delivery times for EGPRS and FLO with mTrBlks per TrCH for the two LLC discard times. It can be seen that increasing the LLC discard time increases the average packet delay for both EGPRS and FLO. However, the transfer delay assumed by SA4 (95% of packet delivered within 2 seconds [5]) is fulfilled in both cases.

	
	EGPRS

LLC discard time = 2 s.
	FLO with mTrBlks per TrCH per TTI, LLC discard time = 2 s.
	EGPRS

LLC discard time = 5 s.
	FLO with mTrBlks per TrCH per TTI, LLC discard time = 5 s.

	Average delay (mode)
	300 ms 
	260 ms
	380ms
	380 ms

	90% of packets delivered within 
	660 ms
	620 ms
	880 ms
	880 ms

	95% of packets delivered within
	860 ms
	880 ms
	1166 ms
	1278 ms


Table 4 : RTP SDU delay statistics for EGPRS and FLO (C/I = 13 dB).

5 Conclusions

From the results presented in the contribution a number of key points can be drawn.

· Initial investigations reveal that the throughput performance of EGPRS can be matched by FLO using a number of different RLC/MAC procedures. Throughput is similar for all of the scenarios tested in this document

· FLO with multiple transport blocks per transport channel per TTI offers superior delay and SDU FER characteristics.

· FLO with a single transport block per transport channel per TTI with block splitting leads to poor performance and in our opinion should be avoided.

· FLO with a single transport block per transport channel per TTI without block splitting provides similar performance to EGPRS. However the maximum transport block size is limited to 127 by the length indicator field of 7 bits, which limits the throughput at high C/I.

· Even when the LLC discard time is adjusted, the improved SDU FER and packet delay profile provided by FLO with mTrBlks per TrCH is still observed in comparison to EGPRS.

As demonstrated in this document there may be significant benefits to having multiple transport blocks per transport channel per TTI for FLO, particularly when delay and SDU FER are the important QoS requirements for future services. And although it will require some additional complexity, this is thought to be small, and certainly worth the benefits that it can bring.

It is likely that EGPRS with Incremental Redundancy will perform better than FLO without IR. However the goal of the investigation presented in this document is to compare the performance of different RLC/MAC procedures for FLO and draw conclusions on them. Further work will be required to study if and how IR can be introduced into the FLO architecture.
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A Annex A

A.1 Transport format combination sets

A.1.1 RLC-AM with multiple transport blocks per transport channel per TTI

	Transport Format
	Modulation Type
	Source data size per 20ms RB [octets]
	Total RLC/MAC header size (all headers) [bits]
	Total block size [bits]
	CRC size[bits]
	Tail bits [bits]
	E + FBI [bits]
	TFCI [bits]
	coded TFCI [bits]
	bits per RB

	1
	8PSK
	22
	16
	192
	12
	6
	2
	3
	48
	1392

	2
	8PSK
	44
	32
	384
	24
	12
	4
	3
	48
	1392

	3
	8PSK
	66
	48
	576
	36
	18
	6
	3
	48
	1392

	4
	8PSK
	88
	64
	768
	48
	24
	8
	3
	48
	1392

	5
	8SPK
	110
	80
	960
	60
	30
	10
	3
	48
	1392

	6
	8PSK
	132
	96
	1152
	72
	36
	12
	3
	48
	1392

	7 (D/L control)
	8PSK
	23
	16
	200
	12
	6
	0
	3
	48
	1392


Table A-1: Transport format combination set for RLC AM with FLO for multiple transport blocks per transport channel per TTI.

A.1.2 RLC-AM with one transport block per transport channel per TTI

	Transport Format
	Modulation Type
	Source data size per 20ms RB [octets]
	Total RLC/MAC header size (all headers) [bits]
	Total block size [bits]
	CRC size[bits]
	Tail bits [bits]
	E + FBI [bits]
	TFCI [bits]
	coded TFCI [bits]
	bits per RB

	1
	8PSK
	22
	16
	192
	12
	6
	2
	3
	48
	1392

	2
	8PSK
	31
	16
	264
	12
	6
	2
	3
	48
	1392

	3
	8PSK
	44
	16
	368
	12
	6
	2
	3
	48
	1392

	4
	8PSK
	62
	16
	512
	12
	6
	2
	3
	48
	1392

	5
	8SPK
	88
	16
	720
	12
	6
	2
	3
	48
	1392

	6
	8PSK
	124
	16
	1008
	12
	6
	2
	3
	48
	1392

	7 (D/L control)
	8PSK
	23
	16
	200
	12
	6
	2
	3
	48
	1392


Table A-2: Transport format combination set for RLC AM with FLO for multiple transport blocks per transport channel per TTI.

A.2 Transport format combination sets performance curves
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Figure A-1: Transport format combination set performance for RLC AM with FLO, multiple transport blocks per transport channel per TTI, 20ms interleaving
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Figure A-2: Transport format combination set performance for RLC AM with FLO, single transport blocks per transport channel per TTI, 20ms interleaving
A.3  EGPRS MCS performance curves
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Figure A-3: Modulation and coding scheme performance (MCS-1,2,5,6,7,9, CS-1) performance for EGPRS.
� In the simulations a BSN of 10 bits was used, however this will probably mean a large header will be required. The loss in BLER performance as a result is not considered to be significant.
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