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1
Introduction
A work item on investigating possible solutions for extending coverage on the uplink was recently introduced in [1] for the case where 2ms TTI is deployed. Schemes that are currently under consideration to improve uplink coverage include TTI length extension, TTI repetition [2] and MAC segmentaton which was introduced in Rel-8. 
Schemes that improve coverage by using equal power scaling and freezing the set-point were also proposed in [3]-[7] in Rel-8. We consider that since MAC-segmentation along with equal power scaling and set point control are part of Rel-8 functionality, any proposed scheme should be baselined against the features already available for this purpose. In this document, we study the improvement in uplink coverage that can be obtained through MAC segmentation and equal power scaling. Additionally, we compare the uplink coverage performance of TTI length extension, TTI repetition and MAC segmentation .
2
Simulation Framework and Settings

In [8], the coverage due to MAC segementation is shown when a transport block size of 307 bits is segmented into three segments of transport block size equal to 120 bits each. In this document we show the coverage that results when a CS AMR12.2k voice source model is used to generate packets at the source and the UE segments packets only when it is power headroom limited. For the sake of comparison, we also show the following:

· The UE always segments the 307 bit packet into 3 segments of transport block size 120 bits each.

· The UE never performs MAC segmentation and always transmits a transport block of size 307 bits whenever a full rate voice packet is generated at the source.
Source Model and Application

We consider the application of CS voice over HS. For this application, two payload sizes are sent over E-DCH channel:

· 264 bits for AMR 12.2 kbps full rate

· 64 bits for SID 

The AMR full rate packet can be carried either by TBS=307 for 2ms TTI or TBS=317 for 10ms TTI. In case of MAC segmentation for 2ms TTI [1], if the full rate packet is divided into 3 segments, the minimum TBS that can hold the segment with a 24-bit MAC layer header is 120. 

The UE is assumed to be in the active state for the duration of the simulation. The source model generates new packets every 20ms. In other words,  for full rate voice frames, and for 2ms TTI, 307 bits are generated every 20ms. 

Algorithm Description

When the UE is power limited while transmitting TBS 307, i.e., the power required for transmission exceeds the maximum UE Transmit power, the UE divides the packet into three segments of TBS 120 each. If the max power limit is reached for TBS120, then equal power scaling is applied to ensure that the maximum power is never exceeded. 
In this analysis, the path loss is abstracted outand the Maximum Effective UE Transmit Power is given by:

maxEffectiveUETransmitPower = maxUETransmitPower(for eg. 24dBm) – PathLoss – Noise
The coverage metric used to compare difference schemes is given by:

Min (MaxEffectiveUETransmitPower) such that a target BLER 1% can be maintained.

Other metrics used to evaluate performance include the latency incurred and the percentage of segmented packets.
Queuing Procedure
Incoming packets are added to a transmit queue until a HARQ process becomes available. When segmentation occurs due to headroom limitations, the UE creates the segments that correspond to the packet. The segments are then added to the queue for transmission. When an HARQ process becomes available, the segments are transmitted on FIFO basis. 
The priority for transmissions on a particular HARQ process is as follows:

· Re-transmissions

· Segmented packets waiting in the queue

· New packets that have just arrived.
Prioritizing re-transmissions is essential due to the synchronous nature of HARQ. Note that:

· Individual segments are not necessarily transmitted in consecutive TTI’s. Since re-transmissions of unsegmented or segmented packets have higher priority, segments of a packet may be queued and the transmissions could be a few TTI apart. This adds to the packet latency since all segments of a packet need to be received for a packet to be re-constructed.

· Segmentation of a packet occurs only at the beginning of the 1st transmission of the packet. 
· Re-transmissions of a packet are not segmented if the original packet is not segmented.

Power Control

Two power control schemes are considered:

1. PerPacketOLPC: In this scheme the OLPC seeks to obtain a target BLER of 1% for each transmitted packet including segments. Each segment that is received impacts the setpoint. Consequently, the combined packet suffers a higher error rate since each segment is received at an error rate of 1%. For eg. if all the transmitted packets were segments and the average per-packet BLER is 1% and the packet errors that occur are independent of one another (memoryless channel), then the BLER for the combined packets at the receiver would be 3%. Results are shown in the next section.
2. CompositeOLPC: In this scheme the OLPC seeks to obtain a target BLER of 1% for the combined packets. So, unsegmented packets and combined packets incur an average error rate of 1%. The set point is affected only after all the segments are received. This scheme evinces the true performance afforded due to MAC segmentation. Results are shown in the next section.
Latency
Since the segmented packets are not transmitted in consecutive TTI’s delays are incurred when constructing the composite packet. Latency is also considered to be a metric for evaluation of MAC segmentation performance. 
Latency is defined as the time, in units of TTI, taken from the packet arrival at the transmitter (from the source) to the time when the last segment is received at the NodeB receiver. Note that the last received segment may not be the 3rd segment since HARQ re-transmissions may cause receptions of the 1st or the 2nd segments to occur later.
Overhead Channels

The E-DPCCH and HS-DPCCH channels play a significant role in determining uplink coverage. Due to the βec/ βc and βhs/ βc requirements of these channels, the power available for E-DPDCH is adversely affected. In the simulation the CQI transmissions occur every 4TTI; feedback cycle = 4*2ms. ACK/NACK transmissions on the HS-DPCCH occur about 10% of the time on average which is reflective of the downlink traffic.

When the UE is headroom limited and the TBS 120 is transmitted, all channels are scaled equally such that the C/P’s are maintained. Simulation results that demonstrate the effect of the control channels are shown in the next section.

The simulation settings are shown in Table 1. 
Table 1: Simulation Assumptions

	Parameter
	Value

	TTI
	2ms

	Number of H-ARQ Processes
	8 for 2ms TTI
4 for 10ms TTI

	Target Number of Transmissions
	4 for 2ms TTI
1 for 10ms TTI

	T/P for TBS 120
T/P for TBS 307
T/P for TBS 317
	8.07dB

10.96dB
10.96dB

	E-DPCCH
	0dB for 2ms TTI
-2dB for 10ms TTI

	HS-DPCCH
	CQI 0dB: 1 in 4 TTI:
ACK/NACK 2dB: 0.1 Prob

	Queue
	FIFO

	Residual BLER
	1%

	Number of Rx Antennas
	2

	TBS
	[120, 307 (2ms), 317 (10ms)]

	DPCCH Slot Format
	6 Pilot, 4 TPC

	Receiver Type
	Rake Receiver

	ILPC
	On with max transmit power limit.
Equal power scaling for all channels at power limit.

	OLPC
	Composite, PerPacket

	Channel Estimation
	Realistic

	Channels
	PA3, VA30


3
Simulation Results and Observations
3.1
Link Analysis of MAC Segmentation

Figures 1 and 2 show the coverage gains that can be obtained with MAC segmentation for PA3 and VA30 channels. The red curves shown in the figures correspond to the case where the packets are not segmented. TBS=307bits is used in this case. The green curves correspond to the case where the packets are always segmented (i.e. TBS=120 bits is always transmitted). The magenta curves correspond to the case where the segmentation occurs only when necessary. The OLPC scheme for these three curves is PerPacketOLPC as defined in Section 2 where the BLER is maintained for each received packet. 

The black curves correspond to the case where segmentation occurs only when necessary and OLPC scheme applied is CompositeOLPC as defined in Section 2 where the BLER is computed for the combined packet. The difference in performance between the black and magenta curves indicates the loss in performance due to the higher BLER incurred due to the CompositeOLPC. 

It is seen from the figures that the CompositeOLPC curve which is the true metric of performance for MAC segmentation has a coverage gain of 2.5dB and 2dB over 2msTTI with TBS307 for the PA3 channel andVA30 channel respectively.
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Figure 1: Coverage Improvement with MAC Segmentation; PA3 channel
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Figure 2: Coverage Improvement with MAC Segmentation; VA30 channel 

Figures 3 and 4 show the impact of the control channel on the uplink coverage performance of 2msTTI with MAC segmentation and CompositeOLPC. In these figures, the black curves correspond to the case where the CompositeOLPC scheme is applied and segmentation is executed only when necessary for 2msTTI. The magenta curves show the improvement in performance when overhead channels are not considered in the headroom computation. The improvement for both PA3 and VA30 channels is 0.5dB. This suggests that schemes like E-DPCCH less transmission which would be akin to HS-SCCH transmission on the downlink could also be potentially considered as solutions to improve coverage of 2msTTI. The NodeB would then have to be able to decode the packet (segments) blindly.
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Figure 3: Comparison of uplink coverage of2ms TTI with 

     Composite OLPC-with and without overhead; PA3 channel
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Figure 4: Comparison of uplink coverage of 2ms TTI with

     Composite OLPC-with and without overhead; VA30 channel

Figure 5 shows the probability of MAC segmentation or the MAC segmentation rate for PA3 and VA30 channels as a function of the MaxTransmitPower/No. From the figure, it is seen that MAC segmentation rate for VA30 at high transmit power contraints is much lower than that of the PA3 channel. This is due to the fast fading nature of the channel where prolonged deep fades are unlikely. Note however, that at the points where the coverage limit is reached (-14.5dB for PA3 and -18.5 for VA30), the MAC segmentation rate is almost 1. This implies that when the uplink coverage limit is reached, nearly all the packets are segmented due to severe headroom limitations.
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Figure 5: MAC Segmentation Rate for 2ms TTI with 

Composite OLPC; PA3, VA30 channels
3.2
Latency Analysis of MAC Segmentation
Figures 6, 7 and 8,9 show the latency incurred due to MAC segmentation for 2msTTI where latency is defined in the previous section. As seen in the figures, the CDF of the latency is shown when the coverage limit is reached (-14.5dB for PA3 and -18.5 for VA30). It is seen that the maximum latency does not exceed 35TTI’s for a packet transmission. Indeed, the latency is less than 30TTI, 99% of the time. This is comparable to 10msTTI where the maximum latency is 25TTI. Furthermore, for most practcal applications like CsoverHS, the smal additonal latency would not have any perceivable effects. Therefore, we consider that latency is not a limiting factor while considering the performance of MAC segmentation.
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Figure 6: Latency for 2ms TTI with Composite OLPC; PA3 channel
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Figure 7: Zoomed version of Figure 6; Latency; PA3 Channel
[image: image8.emf]0 5 10 15 20 25 30 35 40

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

Latency (TTI)

CDF

 

 

MaxTxPwr/No=-19dB

MaxTxPwr/No=-18dB


Figure 8: Latency for 2ms TTI with Composite OLPC; VA30 channel
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Figure 9: Zoomed version of Figure 7; VA30 channel

3.3
Comparison with TTI repetition and TTI length extension

It was proposed in [2] and [9] that TTI length extension or TTI repetition without HARQ be considered as potential options for coverage improvement for 2ms TTI. Figures 10 and 11 show the comparison of performance in terms of coverage of MAC segmentation schemes, TTI length extension and TTI repetition. Note that in these figures, both the MAC segmentation scheme and the baseline Release-6 EUL 2ms TTI (Never Segment) scheme” still assume the presence of H-ARQ operation. It is seen from the figures, that lack of HARQ operation affects the uplink coverage severely. For TTI repetition, in the PA3 channel, even increasing the number of repetitions to 8 does not improve the coverage significantly. This is due to the slow fading nature of the channel. Indeed, the performance is comparable to baseline Release-6 EUL 2ms TTI with HARQ (Never Segment). For the VA30 channel (Figure 11), an appreciable improvement in coverage is seen when 8 repetitions is used. We consider however, that the PA3 channel be used as the benchmark for comparing schemes to improve coverage, since from a link budget perspective, due to lack of multi-path diversity, and slow short term fading characteristic, this channel is the most demanding.

TTI length extension schemes (extension to 10ms TTI is considered) fare little better. In both channels PA3 and VA30, coverage of TTI length extension is smilar to that of TTI repetition with 5 repetitions. This implies that solutions without HARQ do not afford much coverage gains for 2msTTI operation.

Note that in the schemes considered, MAC Segmentations affords the most coverage gains. This is mostly due to the smaller packet sizes and HARQ. While the latency does tend to become slightly worse, it is shown above that this would not appreciably affect performance. We reiterate that any schemes considered for uplink coverage improvements for 2msTTI should be baselined against MAC segmentaton.
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Figure 10: Coverage comparison between MAC Segmentation,TTI length extension and TTI repetitions; PA3 channel
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Figure 11: Coverage comparison between MAC Segmentation,TTI length extension and TTI repetitions; VA30 channel

4
Conclusions

In this contribution, MAC segmentation with equal power scaling was considered as potential scheme to improve coverage for 2msTTI deployments. This scheme offers considerable gains over 2msTTI (2.5dB in PA3 and 2dB in VA30) and is also attractive from a specification point of view since the features are already available in Rel-8. Therefore, there would be minimal changes needed if this solution were adopted. 
It was also shown that the absence of HARQ would not improve coverage for the PA3 channel even when 8 repetitions are configured. Therefore, it is questionable whether a solution without HARQ would afford any improvement over MAC segmentation. 
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