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1
Introduction
A work item on investigating possible solutions for extending coverage on the uplink was introduced in [1] for the case where 2ms TTI is deployed. In the previous RAN WG1 meeting #57, TTI repetition schemes were proposed as potential coverage enhancement techniques for 2ms TTI [2,3,4]. 

In this contribution, we study TTI repetitions sent across different H-ARQ transmission attempts with and without ACK/NACK feedback. Link simulation results that show the coverage of the schemes is also presented and compared with the coverage performance obtained by 10ms TTI as well as MAC Segementation. 

2
2ms TTI Coverage Extension Schemes
In [5], the coverage due to MAC segementation is shown when a packet size of TBS307 is segmented into three packets of TBS120 each. A VOIP source model is used to generate packets at the source and packets are segmented only when the UE is headroom limited. The schemes that are presented below are compared with the coverage of MAC segmentation in the next section.
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 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. For 2ms TTI, that’s TBS307, generated every 20ms. 

TTI Repetition Schemes

· Repetitions sent across different H-ARQ transmission times with ACK/NACK feedback

· Repetitions sent across different H-ARQ transmission times without ACK/NACK feedback
Design Constraints
The following design contraints are imposed on the schemes considered

· When ACK/NACK feedback is trasmitted through the E-HICH channel, a gap of at least 7TTI’s is imposed between the last repetition and the re-transmission of the first TTI in the TTI repetition pattern. This gap is to allow for reception of the E-HICH channel and construction of the data packets re-transmission pattern. 
· Synchronous HARQ is maintained. 

· TTI repetitions are employed only when the UE is headroom limited. Legacy 2ms TTI’s without repetitons co-exist with TTI’s that are repeated. Therefore, the legacy HARQ process timelines shall not be affected by any of the proposed schemes.
Timeline
Consider the scheme where TTI’s are repeated and re-transmitted across different H-ARQ transmission times with ACK/NACK feedback. The HARQ timeline in this case is shown in Figure 1 for two transmisstions and in Figure 2 for four transmissions.
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Figure 1: Timeline for two repetitions and re-transmissions with ACK/NACK feedback
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Figure 2: Timeline for four repetitions and two re-transmissions with ACK/NACK feedback

Note that there are 14TTI’s between the last repetitons and re-transmission of the first TTI in the TTI repetition pattern. This is the minimal sepearation possible that allows for both synchronous HARQ as well as maintaining a gap of 7TTI as mentioned in the design contraints above. 

Legacy 2ms TTI transmissions can be transmitted in the processes that are not occupied by the repetitions whenever the UE is not headroom limited. For example; in Figure 1, legacy 2ms TTI transmissions can occur in processes 3, 4, 7 and 8. The gap between transmissions of the legacy 2msTTI is also maintained. This is indicated by the blocks that are shaded blue in Figure 1.
Consider the scheme where TTI’s are repeated and re-transmitted across different H-ARQ transmission times without ACK/NACK feedback. The HARQ timeline in this case is shown in Figure 3 for two transmisstions and in Figure 4 for four transmissions.
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Figure 3: Timeline for four repetitions and two re-transmissions without ACK/NACK feedback
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Figure 4: Timeline for four repetitions and two re-transmissions without ACK/NACK feedback

Since there isn’t any ACK/NACK feedback in this scheme, the re-transmission timing can be tighter while still maintaining HARQ synchronicity leading to better latency properties. However, since the timing is tighter, there isn’t as much time-diversity as in the previous scheme. As in the previous scheme, legacy 2ms TTI transmissions can be transmitted in the processes that are not occupied by the repetitions. In Figure 3, this is indicated by the blocks that are shaded blue.
Performance Metrics
The performances of the different schemes are compared by evaluating:

· Coverage:

The path loss is abstracted out and 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.

· Latency
Packet latency has two components
· Time spent in the transmit queue while waiting for an empty TTI. Since re-transmissions are prioritized over new packets, this time could become significant since it adds to the overall delay.

· Time spent in transmissions and re-transmissions. If the gap between transmissions is large, this could be significant.
Power Control and Scaling
In the simulations presented in the next section, both OLPC and ILPC are turned on. However, when the maximum power limit is reached, equal power scaling is applied to all physical channels to ensure that the maximum power is never exceeded. 

Overhead Channels

The E-DPCCH and HS-DPCCH channels play a significant role in determining coverage. Due to the C/Pec and C/Phs requirements of these channels, the power available for traffic is reduced. In the simulations CQI transmissions occur every 4TTI; feedback cycle = 4*2ms. ACK/NACK transmissions occur about 10% of the time on average which is reflective of the downlink traffic. 
E-DPCCH design could potentially be optimized to minimize the impact of overhead. We show simulation results with and without the E-DPCCH channel to serve as lower and upper bounds on performance.

3
Simulation Settings and Results
The simulation settings are shown in Table 1. 

Table 1: Simulation Assumptions
	Parameter
	Value

	TTI
	2ms

	Number of H-ARQ Processes
	4 for 4 repetitions

	Target Number of Transmissions
	3, 4

	T/P
	4.08dB

	E-DPCCH
	2dB for 2ms TTI

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

	Queue
	FIFO

	Residual BLER
	1%

	Number of Rx Antennas
	2

	TBS
	307

	DPCCH Slot Format
	8 Pilot, 2 TPC

	Receiver Type
	Rake Receiver

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

	OLPC
	ON

	Channels
	PA3


Figure 5 compares the coverage obtained by 10msTTI, MAC Segmentation and the two TTI repetition schemes with 2 repetitions and 4 transmissions with and without ACK/NACK feedback.
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Figure 5: Comparison of Coverage between 10msTTI, MAC Segmentation Schemes and TTI repetition schemes; PA3 channel; 2Reps + 4Tx
Figure 6 compares the coverage obtained by 10msTTI, MAC Segmentation and the two TTI repetition schemes with 

· 4 repetitions and 2 transmissions with and without ACK/NACK feedback.

· 4 repetitions and 3 transmissions without ACK/NACK feedback.
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Figure 6: Comparison of Coverage between 10msTTI, MAC Segmentation Schemes and TTI repetition schemes; PA3 channel; 4Reps + 2Tx; 4Reps + 3Tx

Observations
When considering schemes with 2 repetitions, the following observations can be made

· The performance of the 2 repetitions with 4 transmissions with ACK/NACK feedback scheme is comparable with that of MAC Segmentation

· However, the latency incurred when the packet takes up all four transmissions is  3*32ms+4ms = 100ms which is too high to merit serious consideration

· The performance of the 2 repetitions with 4 transmissions without ACK/NACK feedback is worse than MAC Segmentation and therefore is not considered as a candidate

When considering schemes with 4 repetitions, the following observations can be made
· The performance of the 4 repetitions with 2 transmissions with or without ACK/NACK feedback is significantly worse than MAC Segmentation and therefore is not a candidate

· The performance of the 4 repetitions with 3 transmissions without ACK/NACK feedback is comparable to that of MAC Segmentation

· However, since there is no ACK/NACK feedback, each packet in this scheme occupies 4*3 = 12TTI’s. Since a new packet arrives every 10TTI, this leads to congestion and queue instability.
· The scheme with 4 repetitions with 3 transmissions with ACK/NACK feedback is not shown in the figure since it suffers from both queue instability as well as transmission delays.
Note that the coverage performance of the scheme with ACK/NACK feedback is in general better than the scheme without ACK/NACK feedback (for both 2reps and 4reps). This is because of the additional time diversity in the scheme with ACK/NACK due to the 12 - 14TTI’s of separation between transmissions (see Figures 1 and 2). In comparison, the separation in the case of the scheme without ACK/NACK feedback is 4-6TTI. This also explains why the performance of the 4Reps+3Tx isn’t appreciably better than that of MAC segmentation. 

Impact of E-DPCCH
In the simulation results shown above, it is assumed that both HS-DPCCH and E-DPCCH are transmitted along with the data. However, it may possible to optimize the design of the E-DPCCH channel so that the power requirements of the overhead can be reduced leading to better coverage properties. Therefore, we consider a mode where the E-DPCCH channel is not transmitted at all to serve as an upperbound on performance. This mode would serve as a reference for the achievable performance of the schemes under consideration.

Figure 7 compares the coverage obtained by 10msTTI, MAC Segmentation and the two TTI repetition schemes with 

· 4 repetitions and 2 transmissions without ACK/NACK feedback and with and without the E-DPCCH channel

· 4 repetitions and 3 transmissions without ACK/NACK feedback and with and without the E-DPCCH channel
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Figure 7: Comparison of Coverage between 10msTTI, MAC Segmentation Schemes and TTI repetition schemes; PA3 channel; 4Reps + 2Tx; 4Reps + 3Tx; with/wihout E-DPCCH
Observations
· The performance of the 4 repetitions with 3 re-transmissions without ACK/NACK feedback and without the E-DPCCH is indeed better than MAC Segmentation and is comparable to the performance of 10msTTI

· However, as explained previously, latency contraints render this option infeasible

· The performance of the 4 repetitions with 2 re-transmissions without ACK/NACK feedback and without the E-DPCCH does not improve appreciably and is still worse than that of MAC Segmentation.

4
Conclusions

In this contribution, the performance of TTI repetition schemes with transmissions across different HARQ attempts with and without ACK/NACK feedback was considered. Two candidate schemes in particular were simulated and compared with the coverage performance of 10msTTI and MAC Segmentation.

Based on the results obtained, MAC Segmentation appears to be the best option in terms of performance. The fact that it has already been included as part of the specification for Rel. 8 makes this scheme additionally attractive.
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