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1. Introduction

In the previous RAN1 #68bis meeting the RAN1 WG has observed that the PUSCH medium data rate coverage can potentially be improved by 1 dB exploiting TTI bundling enhancements [1]. It was agreed to:

Further investigate the details of TTI bundling enhancements for UL VoIP and medium data rate PUSCH, and the investigation should at least consider:

· Standard impact
· Analysis of network impacts
· Latency: For medium data rate, proponents should provide latency target assumption or statistics for their simulations
The PUSCH TTI bundling mechanism was initially introduced to improve the coverage of low data rate services and in particular UL VoIP transmissions. However, the same mechanism can also be applied for other types of services, including medium data rates of up to 544 kbps (assuming maximum TBS for the 3 PRB resource allocations). The coverage optimization for medium data rates substantially differs from the VoIP related optimization due to different traffic assumptions and target performance requirements.
Initially in the framework of the LTE Coverage Enhancement SI the MCL at the 10% initial PER has been adopted as a target performance metric for the medium data rate coverage analysis [2]. However, this metric does not take into account the HARQ mechanism that may be used to compensate the initial packet errors and still guarantee the required data rates [3]. To provide a more fair coverage analysis in this contribution we investigate the coverage performance assuming that several HARQ retransmissions are allowed and the MCL is analyzed at the target throughput level (i.e. 384 kbps).
In this contribution we address the questions related to coverage improvement for PUSCH medium data rates of 384 kbps data rate in FDD systems. In Section 2, we discuss potential TTI bundling enhancements and in particular focus on the relaxation of frequency resource allocation constraints. Furthermore in Section 3, we compare the performance of single TTI and TTI bundling solutions in application to coverage optimization at medium data rates and in the end in Section 4 we discuss potential system and specification impacts.
2. PUSCH TTI Bundling Enhancements

In the current LTE specification the PUSCH TTI bundling mechanism has a number of constraints:
· One bundle occupies 4 time-consecutive TTIs;

· Modulation is restricted to QPSK;

· Frequency resource allocation size is limited by 3 PRBs;

· Maximum TBS is limited to 2216 bits.
In this contribution we analyze whether the relaxation of the constraint on the maximum number of PRBs in a TTI bundle can provide additional benefits for medium data rate uplink coverage. The increase of the number of PRBs in TTI bundling mode decreases the maximum power spectral density of the allocation however it also increases frequency diversity at some extent and reduces the effective code rate. These effects may compensate each other and provide better MCL performance at the cost of reduced spectral efficiency and thus increased resource utilization.
Further in this contribution we mainly focus on the analysis of the 4 TTI bundling solution with the relaxed constraint on the maximum number of PRBs. The link-level analysis was done for different combinations of TBSs and PRBs in order to identify potential benefits of using larger frequency resource allocations. The detailed simulation assumptions are provided in the Appendix A. The simulation results which illustrate the impact of frequency resource allocation size on the TTI bundling transmission scheme coverage performance are shown on Figure 1 (Throughput vs. MCL) and Figure 2 (MCL vs. TBS).
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	Figure 1: The impact of TTI bundling frequency resource allocation size on coverage: 
Throughput vs. MCL
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	Figure 2: The impact of TTI bundling frequency resource allocation size on coverage: 
MCL vs. TBS


The simulation result analysis shows that for 384 kbps data rate the usage of 4–8 PRBs frequency allocations for TTI bundling transmissions allows achieving 1–3 dB MCL performance improvement comparing to the TTI bundling with 3 PRBs. The transmission schemes that rely on several HARQ retransmissions provide some coverage performance improvement comparing to the transmission schemes operating at the low initial PER values. Assuming fixed resource utilization (i.e. number of allocated PRBs) the MCL performance may be improved at some extent by the increase of the packet TBS (up to some level) at the cost of increased number of HARQ retransmissions.
Observation: The usage of 4–8 PRBs frequency allocations for TTI bundling transmissions allows achieving 1–3 dB MCL performance improvement comparing to the current TTI bundling solution exploiting maximum 3 PRBs at the 384 kbps data rate.
3. Comparison with Single TTI Transmission Mode
The single TTI transmission mode is typically used for the medium data rate services in LTE. So the comparative analysis is required to check whether using TTI bundling with the relaxed number of PRBs can improve the absolute coverage comparing to single TTI modes and to identify potential pros/cons of using both approaches.

The potential benefits of using TTI bundling mechanism for medium data rate PUSCH transmissions instead of regular single TTI transmission mode include: more efficient work of the CTC FEC which provides better performance for larger code block sizes; better time and frequency diversity of the initial transport block transmissions and reduced RLC/MAC and CRC overhead. Note that the effect of overhead reduction at medium data rate is lower comparing to the low data rate since typically larger transport block sizes are applied for medium data rate transmission. These considerations motivated us to compare performance achievable by TTI bundling solutions and compare it to the single TTI transmission mode relying on multiple HARQ retransmissions to improve single TTI mode coverage [3].
The performance of single TTI and TTI bundling PUSCH transmission modes has been compared via link-level simulations (the detailed simulation assumptions are provided in the Appendix A). The analysis was done for multiple combinations of TBSs and PRBs and several transmission schemes achieving the best MCL for the 384 kbps data rate assuming fixed resource utilization were identified. The Throughput vs. MCL simulation results for these transmission schemes are illustrated on Figure 3. The results show that in general TTI bundling and single TTI transmission modes achieve almost the same coverage performance given the same resource utilization.
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	Figure 3: Comparison of Single TTI and TTI bundling: 
Throughput vs. MCL


Observations:

· The TTI bundling transmission mode with 3PRBs constraint has more poor coverage at 384 kbps data rate than the single TTI transmission mode.
· Assuming fixed resource utilization the TTI bundling transmissions with relaxed PRB constraints have almost the same coverage performance that can be achieved with single TTI transmissions and HARQ combining gains.
Despite the fact that single TTI and TTI bundling schemes have almost the same coverage performance the TTI bundling solution has a number of additional benefits. One of them is the lower control channel load due to reduced amount of scheduling and HARQ signaling. In Figure 4 we illustrate the estimated number of required HARQ retransmissions per one packet (transport block) for different transmission schemes. The results indicate that the single TTI solutions require higher number of HARQ retransmissions to reach the same MCL performance. Moreover, the 4 TTI bundling solution requires 4 times less packets than the conventional mode and hence the gains in control channels consumption may be rather significant.
	[image: image4.emf]1 1.2 1.4 1.6 1.8 2 2.2 2.4 2.6 2.8

-137

-136

-135

-134

-133

-132

-131

-130

-129

Number of HARQ retransmissions

MCL @ 384 kbps, dB

 

 

4 TTI, 3 PRB

4 TTI, 4 PRB

4 TTI, 5 PRB

4 TTI, 6 PRB

4 TTI, 8 PRB

1 TTI, 3 PRB

1 TTI, 4 PRB

1 TTI, 5 PRB

1 TTI, 6 PRB

1 TTI, 8 PRB



	Figure 4: Comparison of Single TTI and TTI bundling: 
MCL vs. Number of Transport Block HARQ Retransmissions


Observation: Assuming similar MCL performance and fixed data rate the one TTI based solutions typically requires higher amount of HARQ and control signaling comparing to the TTI bundling solutions.

4. System and Specification Impact

Based on the results presented in Section 2 and Section 3 from the performance perspective it may be beneficial to relax the constraints on the maximum frequency resource allocation size for TTI bundling transmission modes. Several aspects may be highlighted from the system and specification impact perspective:

· The overall LTE link adaptation capabilities will be improved and it will allow more flexible adjustment of transmission modes for coverage limited UEs.

· Removing 3 PRB constraints will have minimum impact on the specification. For instance, all Rel.11 UEs may be configured to support more than 3 PRBs per TTI bundle. The eNB scheduler should differentiate legacy UEs and UEs with enhanced capabilities and make the corresponding scheduling decisions.

· The maximum size of the resource allocation still may be restricted and the WG should address this question if the solution is adopted.

Observation: The relaxation of the maximum frequency resource allocation size constraints for PUSCH TTI bundling will have minimum impact on the specification.
5. Conclusions
In this contribution we have provided the details of the coverage analysis for PUSCH medium data rates. Based on the results of this analysis and conducted link-level evaluation we have made a number of observations and come up with a proposal:

Observations:

· The usage of 4–8 PRBs frequency allocations for TTI bundling transmissions allows achieving 1–3 dB MCL performance improvement comparing to the current TTI bundling solution exploiting maximum 3 PRBs.
· The TTI bundling transmission with relaxed PRB constraints shows similar MCL ranges that can be achieved with one TTI transmission.
· For the similar MCL range and fixed data rate the TTI bundling solutions typically require less amount of control signaling comparing to single TTI transmission modes.
· The relaxation of the maximum frequency resource allocation size constraints for PUSCH TTI bundling will have minimum impact on the specification.
Proposal: Capture the presented observations and conclusions on the potential PUSCH TTI bundling enhancements for medium data rates in the SI technical report.
References

[1] R1-121889, “Way Forward on Uplink Coverage Enhancements”, ZTE, China Telecom, Orange, China Unicom, Nokia, NSN, Ericsson, ST-Ericsson, InterDigital, Intel, Alcatel-Lucent, Alcatel-Lucent Shanghai Bell, RAN1#68bis, March 2012.

[2] 3GPP TR 36.824 “Study on LTE Coverage Enhancements”, v1.0.0, February 2012.

[3] R1-121710, “On TTI bundling improvements for Coverage Enhancements”, Ericsson, ST-Ericsson, RAN1#68bis, March 2012.
Appendix A – Simulation Assumptions
Table 1: Link level simulation assumptions

	Parameters 
	Values 

	Carrier frequency
	2.6GHz

	System bandwidth
	10 MHz

	Duplexing
	FDD

	CP
	Normal CP

	Channel model
	EPA; 7.2 Hz Doppler frequency

	Antenna configuration 
	eNodeB: 2 Rx antennas with low correlation

UE: 1 Tx antenna

	Receiver Type
	MMSE

	Channel estimation
	Ideal

	PUSCH frequency hopping
	Type 2 inter-subframe PUSCH hopping with Nsb = 4

	Maximum number of HARQ retransmissions
	6

	RLC/MAC overhead
	5 bytes
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