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1. Introduction

In the previous RAN1 #68bis meeting the RAN1 WG has identified that the PUSCH VoIP service coverage can be potentially improved by 1 dB using TTI bundling enhancement solutions [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: Max around 50ms for VoIP
In this contribution we continue the study of potential TTI bundling enhancement solutions for PUSCH VoIP coverage improvement. In Section 2 we provide our views on potential TTI enhancements in application to FDD systems. In particular we give an overview of the considered TTI bundling enhancements options, provide the details of the coverage vs. latency tradeoff analysis, and discuss the potential system/specification impact. In Section 3 we share our views on uplink VoIP coverage improvement for TDD systems. Finally in Section 4 we conclude the discussion and make our proposals.

2. PUSCH VoIP coverage improvement in FDD
In LTE Rel.8/9/10 the PUSCH TTI bundling mode is used to improve coverage performance of VoIP transmissions in uplink. The whole RLC SDU of a VoIP packet is transmitted using one TTI bundle which contains four consecutive subframes (TTIs). The PUSCH allocation in each subframe occupies a single physical resource block (1 PRB) in frequency domain. The HARQ retransmission period for TTI bundled allocations in FDD is equal to 16 subframes.

At the previous RAN1 #68bis meeting the detailed performance analysis of several potential TTI bundling enhancement options was provided and the corresponding results and conclusions were summarized in [1]. In particular it was shown that assuming a 52ms VoIP packet latency requirements some enhanced TTI bundling schemes may achieve about 1 dB coverage performance improvement target. The main performance benefits come from the fact that in the 52ms interval the baseline LTE scheme does not exploit all the resources that may be allocated for the one VoIP packet transmission (i.e. 20ms) while the improved schemes are capable to exploit all possible resources. Moreover it was noted that the performance of the investigated schemes significantly varies depending on the propagation conditions and in particular depends on the degree of achievable frequency and time diversity.
Based on the results of this performance analysis the following PUSCH TTI bundling enhancement solutions were selected for further analysis in application to FDD systems:

· Option 1. Reduced Retransmission Period (12 TTI RTT).
· Option 2. Extended TTI Bundle Size.
a) 10 TTIs bundle size (two retransmissions, two HARQ processes)

b) 20 TTIs bundle size (single transmission, one HARQ process, contiguous TTI allocation)
c) 20 TTIs bundle size (single transmission, two HARQ processes, interleaved TTI allocation)
The main features of the discussed TTI bundling solutions are briefly summarized in Table 1.
Table 1: PUSCH VoIP Transmission Schemes (FDD)
	Description
	Number of TTIs in bundle
	Number of HARQ processes
	Number of HARQ retransmissions 
	HARQ RTT, TTIs
	Minimum Latency, TTIs
	Maximum Latency, ms

	Baseline (Rel. 8/9/10)
	4
	4
	5
	16
	4
	68

	Option 1
	4
	3
	5
	12
	4
	52

	Option 2a
	10
	2
	2
	20
	10
	30

	Option 2b
	20
	1
	1
	20
	20
	20

	Option 2c
	20
	2
	1
	40
	39
	39


2.1. MCL vs. Latency Analysis
The previous analysis in [1] was made in an assumption of a 52ms VoIP packet latency requirement. From the operator’s perspective the overall packet latency is also an important performance metric. So in this contribution we provide further analysis and evaluate the dependence of the MCL performance of TTI bundling schemes on the VoIP packet air interface latency.
Further we define the packet air interface latency metric as the total packet transmission time starting from the first TTI of the initial transmission till the last TTI of the final HARQ retransmission which were used for the packet transmission. Thus we exclude the scheduling delays (i.e. 4 TTIs from PDCCH to PUSCH) due to possibility of using semi-persistent scheduling mechanism and receive signal processing delays which depend on the UE implementation. In Figure 1 we show an example of the packet air interface latency calculation for the baseline LTE Rel.8/9/10 scheme which uses two HARQ retransmissions.
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	Figure 1: Packet Air Interface Latency Definition 


Depending on the packet latency requirements different TTI bundling enhancement solutions will provide different performance results as they will be able to accommodate different number of HARQ retransmissions and thus accumulate different amount of energy per information bit. In Figure 2 we illustrate the dependence of the number accumulated TTIs vs. the packet air interface latency for all the considered TTI bundling schemes. One of the important conclusions from this analysis is that the baseline LTE Rel.8/9/10 scheme reaches the 20 TTI limit after 68ms from the initial transmission. Thus this scheme benefits from channel time diversity and the maximum absolute coverage can be potentially achieved. However if reduced air-interface latency requirements (e.g. < 50ms) are considered the alternative TTI bundling solutions can improve the coverage performance comparing to the baseline scheme at some extent.
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	Figure 2: Number of accumulated TTIs vs. packet air interface latency


The performance of the considered TTI bundling enhancements schemes was evaluated for frequency selective channel models (EPA and ETU). The set of Doppler frequencies FD = {0, 7.2 Hz, 72 Hz} has been used to model different user mobility scenarios (0 km/h, 3 km/h and 30km/h) and check sensitivity of uplink VoIP transmission to time diversity. The ideal channel knowledge was assumed to exclude the effect of channel estimation error and check potential coverage gains. The detailed simulation assumptions are listed in the Appendix A. In Figure 3 we illustrate the achievable MCL gains relative to the LTE Rel.8/9/10 scheme depending on the VoIP packet air interface delay requirements.
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	Figure 3: MCL gain vs. Air interface latency


The analysis of the simulation results has shown that optimal solution in terms of PUSCH VoIP coverage depends on the maximum allowed air-interface latency:

· For air-interface latencies 10 – 20ms Option 2a with 10 TTIs per bundle provides the best performance;

· For air interface latencies in the range 21 – 51ms extended TTI size Options 2a/2b/2c outperform the baseline scheme;

· For air interface latencies in the range 52 – 67ms the Option 1 (reduced RTT) solution is preferable and provides around 1dB gain in PUSCH VoIP coverage.

· For air interface latencies larger that 68ms the baseline Rel.8/9/10 TTI bundling transmission scheme has the best coverage.

Observation: In FDD mode the proposed enhanced PUSCH TTI bundling solutions may be used to improve coverage performance relative to the Rel.8/9/10 baseline VoIP transmission scheme and the exact coverage improvement depends on the maximum allowed air interface latency.

2.2. Specification and System Impact
In this section we analyze the specification and system impact of the considered TTI bundling enhancement schemes:
· Option 1. Reduced retransmission period.
· The considered reduced HARQ RTT scheme has 8ms period between the end of the initial transmission and the HARQ retransmission for the given HARQ process and does not violate the HARQ timing constraints.
· The introduction of the reduced HARQ retransmission period will require changes to the HARQ timing equations;

· The motivation to use 16ms HARQ RTT for the baseline TTI bundling solution is to support collision-free operation of normal and TTI bundled HARQ processes for different UEs. The TTI bundling with 12ms RTT may cause collisions with HARQ processes of Rel.8/9/10 UEs (both single TTI and TTI bundled with 16ms RTT) if not properly handled by the eNodeB scheduler. So this solution introduces some scheduling restrictions.
· Option 2. Extended TTI bundle size.
· In case of non-adaptive HARQ retransmissions new RV patterns need to be introduced to support TTI bundle transmission with the extended size.
· Modifications to the HARQ timing equations are required. Mechanisms of early HARQ termination may be considered for TTI bundles of large size.
· Additional signaling to support configuration of different TTI bundling sizes is needed.

· Extended TTI bundling solutions introduce scheduling restrictions when UEs configured to TTI bundling and UEs using single TTI transmission share the same frequency resources at different time instances.
3. PUSCH VoIP coverage improvement in TDD
The current RAN1 WG discussion on PUSCH VoIP coverage improvements is mainly related to FDD systems. However, as indicated in [2] some potential TTI bundling based enhancements may be also applied in TDD systems to improve coverage.

In contrast to FDD the PUSCH coverage improvement in TDD is a more challenging task and requires separate analysis for each particular TDD UL-DL configuration. In Table 2 we illustrate the maximum number of TTIs that may be assigned for transmission of one VoIP packet in order to enable collision-free operation (i.e. number of UL TTIs per 20ms) for different UL-DL configurations. The results indicate that depending on the used UL-DL configuration this value is in the range from 2 to 12 in TDD systems, while in FDD systems it is always equal to 20. 

Table 2: Maximum number of TTIs per VoIP packet in TDD

	TDD Configuration
	Maximum Number of TTIs per VoIP packet

	
	

	0
	12

	1
	8

	2
	4

	3
	6

	4
	4

	5
	2

	6
	10


In Table 3 the characteristics of Rel.8/9/10 based PUSCH VoIP transmission schemes are summarized. For TDD UL-DL configurations 0, 1 and 6 we assume that a TTI bundling mechanism is applied while for the rest configurations a simple single TTI transmission is used. Additionally it is assumed that no RLC segmentation is applied and one VoIP packet corresponds to one HARQ process.

Table 3: PUSCH VoIP Transmission Schemes (TDD)

	TDD Configuration
	Number of TTIs in bundle
	Number of HARQ Processes
	Number of HARQ retransmissions
	Number of TTIs per VoIP packet
	Maximum Latency, ms

	0
	4
	3
	2
	8
	28-30

	1
	4
	2
	2
	8
	27

	2
	1
	2
	4
	4
	41

	3
	1
	3
	6
	6
	61

	4
	1
	2
	4
	4
	41

	5
	1
	1
	2
	2
	11

	6
	4
	3
	2
	8
	31


The analysis has shown that the coverage performance for UL-DL configurations 1, 2, 4, and 5 cannot be improved via TTI bundling enhancements as all these schemes already use the maximum number of available TTIs and have air-interface latency less than 50 ms. At the same time for UL-DL configurations 0, 3 and 6 some potential improvements based on TTI bundling mechanisms may be considered.

Observation: In TDD mode the PUSCH VoIP coverage cannot be improved for UL-DL configurations 1, 2, 4 and 5. For UL-DL configurations 0, 3, and 6 the coverage may be potentially improved using TTI bundling enhancements. The analysis of coverage performance improvement as well as the standardization impact need to be further studied.

4. Conclusions
In this contribution we have provided the details of the analysis of potential PUSCH VoIP coverage improvement. Based on the results of this analysis we have made a number of observations and come up with a proposal:

Observations:

· In FDD mode the proposed enhanced PUSCH TTI bundling solutions may be used to improve coverage performance relative to the Rel.8/9/10 baseline VoIP transmission scheme and the exact coverage improvement depends on the maximum allowed air interface latency. 
· Assuming VoIP air interface latency requirement equal to the 52 ms the solution with the 12ms RTT can be considered for VoIP coverage enhancement in FDD.

· In TDD mode the PUSCH VoIP coverage cannot be improved for UL-DL configurations 1, 2, 4 and 5. For UL-DL configurations 0, 3, and 6 the coverage may be potentially improved using TTI bundling enhancements. The exact enhancement solutions, degree of coverage performance improvement as well as the standardization impact need to be further studied.
Proposal: Capture the presented observations on the considered TTI bundling enhancements for PUSCH VoIP coverage improvement in the SI technical report.
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Appendix A – Simulation Assumptions
Table 4: Link level simulation assumptions
	Parameters 
	Values 

	Carrier frequency
	2.6GHz

	System bandwidth
	10 MHz

	Duplexing
	FDD

	CP
	Normal CP

	Channel model
	EPA, ETU; 0, 7.2, 72 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
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