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1 Introduction

At RAN1#51-bis, RAN1 considered the issue of uplink coverage for LTE, based on the LS from RAN2#60 [1]. Based on discussion and performance studies in [2,3,4], RAN1 agreed that there is an issue with uplink coverage for LTE, and two possible solutions for the coverage issue have been captured in the draft reply LS [5].

The two proposed solutions in the draft reply LS [5] both make use of subframe bundling in order to improve the uplink coverage; such a technique avoids the significant overheads associated with the current L2 segmentation technique currently supported by the specifications. In this contribution we discuss the two proposed solutions and compare their performance.

2 Discussion of the Two Proposed Alternatives
The two alternatives in the draft reply LS [5] have to do with the HARQ timing relation, as illustrated in Figures 1 and 2.

Alternative 1 

· Timing relation between the last subframe in the bundle and the generation of ACK/NACK is the same as the case of no bundling

· In order not to change the minimum processing time requirements at the eNB, the retransmission of a bundle takes place 16ms later, which doubles the current HARQ round-trip-time
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Figure 1: Alternative 1 of bundling for FDD.
Alternative 2 

· Timing relation between the first subframe in the bundle and the generation of ACK/NACK is the same as the case of no bundling

· The retransmission of a bundle takes place 8ms after the previous transmission, which maintains the current HARQ round-trip-time.

· Unnecessary retransmissions may take place, given that the ACK/NACK is generated based only on the first subframe in the bundle
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Figure 2: Alternative 2 of bundling for FDD.
While Alternative 1 avoids the case of unnecessary retransmissions as in Alternative 2, it does so at the expense of increased latency, reflected by the doubling of the HARQ round-trip-time. This means that for a given air interface delay target, Alternative 2 allows for a larger number of HARQ retransmissions compared to Alternative 1. 

For example, if we consider the VoIP application (for which adequate coverage is crucial), a maximum air interface delay target of 50ms is seen to be necessary in order to maintain a reasonable end-to-end delay target [6]. With Alternative 1, a maximum of 3 or 4 HARQ transmissions (2 or 3 retransmissions) of the subframe bundle can take place while maintaining the 50ms maximum delay target (depending on the size of the bundle and also so margin added to account for possible scheduling delay at the beginning of a talk burst). However with Alternative 2 we can sustain a larger number of transmissions (5 to 6 transmissions, depending on the size of the bundle).
Given that the goal of this enhancement is to improve uplink coverage, the ability to utilize more HARQ, which directly improves coverage (see Section 3), is a crucial feature, and should be given more serious consideration compared to the fact that Alternative 2 may result in some unnecessary retransmissions.
3 Performance Comparison of the Two Proposed Alternatives

In [2] a detailed performance study was provided in which both the level of L2 segmentation as well as the level of subframe bundling was optimized for the VoIP application. It was found that utilizing 4 segments for L2 segmentation and 4 subframes for the subframe bundling in Alternative 2 was optimum. 
With a 4 subframe bundle, each transmission of a bundle occupies 4ms on the air interface. Given that voice frames are arriving every 20ms, we can use at most 5 HARQ transmissions while avoiding queue build up (if all HARQ transmissions are utilized, then with 5 HARQ transmission the packet will occupy 20ms on the air interface).

Now with Alternative 1, given that the HARQ round trip time of the subframe bundle is 16ms, we can afford at most 4 HARQ transmissions in order to stay within a ~50ms air interface delay budget; in fact, use of 4 transmission (3 retransmissions) with a 4 subframe bundle results in a 52ms delay, with no margin provided for the scheduling delay that will occur at the start of a talk spurt (time required in order to transmit a scheduling request and wait for a scheduling assignment). Therefore, we should use 3 HARQ transmissions, which results in an air interface delay of 36ms, leaving sufficient time to account for scheduling delays at the start of a talk spurt.
Following the same type of optimization approach in [2], we found that for Alternative 1 a 6 subframe bundle is the optimum level of bundling with 3 HARQ transmissions.

Figure 4 compares the link level performance of Alternative 1 (with both 4ms and 6ms bundle) and Alternative 2 (using a 4ms bundle), using the simulation assumptions given in Annex A. For a desired post-HARQ error rate of 1%, we see that Alternative 2 provides a 1 dB to 3 dB improvement in required SINR, which directly translates to a 1 dB to 3 dB improvement in coverage. 
As the link budgets in Annex B illustrate, Alternative 1 will not be able to achieve coverage comparable to HSUPA VoIP while Alternative 2 can; this is a very important consideration in an overlay scenario.
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Figure 4: Link level comparison of Alternative 1 and Alternative 2 for VoIP. The max number of HARQ transmissions is set to give the same maximum air interface delay. Alternative 2 provides a 1-3 dB improvement in coverage compared to Alternative 1 at the 1% error rate target, depending on the level of subframe bundling used.
4 Conclusions
· Alternative 2 provides a 1-3 dB coverage improvement compared to Alternative 1 for VoIP
· Unlike Alternative 1, Alternative 2 allows LTE VoIP to achieve similar coverage compared to HSUPA VoIP (10ms TTI), which is necessary in overlay scenarios

· Alternative 2 should be chosen as the solution to improve LTE uplink coverage
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Annex A: Simulation Assumptions

VoIP packet assumptions:

· AMR 7.95kbps gives an RTP packet size of 176 bits

· RoHC header of 4 bytes results in a PDCP packet size of 208 bits

· Assume a 1 byte RLC-UM header and 1 byte MAC header 
· 24 bit CRC

Assumptions for Link level simulations:

· Standards-compliant transport and physical layer

· Non-data associated control signaling (ACK/NACK, CQI) is not included in link simulations

· QPSK modulation with 1 resource block

· Inter-subframe frequency hopping enabled over a 5 MHz bandwidth

· 16ms HARQ RTT for Alternative 1, 8ms HARQ RTT for Alternative 2

· Pedestrian B, 3 km/hr channel model

· MMSE frequency domain equalization

· 2 diversity spaced Rx antennas as eNB

· Channel estimation: non-ideal

· Sounding reference signal off

· Power control off (appropriate for coverage/link budget study)
Annex B: Link Budget Comparison

Assumptions for HSUPA VoIP 10ms TTI:

· ed/c = 30/15

· ec/c = 6/15

· Max of 2 HARQ transmissions, target 1% BLER post-HARQ
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Units Value Value Value Comments

Total RF Bandwidth MHz 5 5 5 5

Packet Tx Bandwidth MHz 3.84 0.18 0.18 0.18

1 PRB for LTE

Vocoder AMR 7.95kbps AMR 7.95kbps AMR 7.95kbps AMR 7.95kbps

MAC PDU size bits 239 224 224 224

CRC size bits 24 24 24 24

Modulation BSPK QPSK QPSK QPSK

Number of coded bits per Tx bits

1200 1152 1152 1152

SF=32, Num E-DPDCHs=1 

for HSUPA

Max Num HARQ Tx 2 3 3 5

UE Max Tx Power (dBm) dBm 21 21 21 21

Body loss dB 2 2 2 2

BS Antenna Gain dBi 18 18 18 18

Rx cable loss dBi 3 3 3 3

Rx thermal noise density dBm/Hz

-174 -174 -174 -174

Rx noise figure dB 4 4 4 4

Interference Margin dB

5 5 5 5

RoT for HSUPA, IoT for LTE

Total noise + interference dBm

-99.2 -112.4 -112.4 -112.4

Required SINR per antenna for 

2 branch Rx diversity dB

-21.44 -4 -6 -7

For HSUPA: HS-DPCCH not 

included; For LTE: non-data 

assoc. control not included

Required Rx power dBm -120.6 -116.4 -118.4 -119.4

Building/vehicle penetration  dB 8 8 8 8

Shadow fade margin dB

10.3 10.3 10.3 10.3

95% coverage area

Cell selection gain dB 4 3 3 3

Fast fade margin dB

1.5 0 0 0

No fast PC in LTE simulation

Implementation margin dB 1.5 1.5 1.5 1.5

Maximum Pathloss dB 138.8 135.1 137.1 138.1

LTE Coverage Gap dB 3.6 1.6 0.6
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