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1
Introduction

The LS from RAN2 in WG2 #60 [1] has asked RAN1 to consider if there is an uplink coverage issue based on the current L2 protocol handling. 
In this contribution we illustrate that the current E-UTRA UL HARQ operation results in a VoIP coverage gap compared to UMTS CS voice as well as HSUPA Release 7 VoIP. Techniques which effectively increase the TTI length beyond 1 ms have been proposed in [2] and [3]; here we illustrate the achievable link budget gains provided by a longer effective TTI length.

2 Layer 2 Segmentation for Enhanced VoIP Coverage
Several companies have pointed out the uplink coverage limitations for VoIP in simulation Case 3 during the 3GPP LTE performance checkpoint [4], which is a result of the poor UE power utilization due to the small 1ms subframe duration. The current RAN2 agreements allow for RLC layer segmentation of VoIP packets, which improves the UE power utilization by allowing transmission in a larger number of subframes while maintaining a specified air interface delay, however segmentation has the following two drawbacks:

· Increased overhead due to the need for an RLC header, MAC header, and physical layer CRC for each segment

· Requirement of a more stringest segment error rate to ensure a given VoIP packet error rate (i.e., if just one segment of a VoIP packet is received in error, the entire VoIP packet is in error)

Even with the above drawbacks, segmentation does provide a significant link budget enhancement for VoIP compared to the case of no segmentation. In Annex A, we compare the performance of no segmentation and segmenting the VoIP packet into either 2, 4, or 8 segments (as shown in Figure 1); the results are summarized in Table 1. We have assumed an optimized RLC and MAC header of 8 bits each, pending the RAN2 decision on the use of optimized headers for VoIP. The results in Table 1 indicate that 4 segments provide the best link budget tradeoff in terms of increased segmentation overhead vs. improved subframe utilization. 

Figure 1: RLC-layer segmentation of VoIP packet (AMR 7.95kbps, 4 bytes RoHC header, 1 bytle RLC header, 1 byte MAC header) into 2, 4, and 8 segments.
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	# of Segments
	Max Num HARQ Tx
	Max Subframe Utilization
	Additional Overhead due to segmentation
	Optimum # of PRBs
	Required SNR per antenna (dB)
	Required SNR per antenna + PSD Reduction Relative to 1 PRB (dB)

	1
	6
	30%
	0%
	2
	-4.6
	-1.6

	2
	6
	60%
	16%
	1
	-3.1
	-3.1

	4
	5
	100%
	48%
	1
	-3.8
	-3.8

	8
	3
	100%
	113%
	1
	-1.6
	-1.6


Table 1: Analysis of Layer-2 Segmentation for VoIP

Table 2 illustrates a link budget comparison for CS voice, HSUPA VoIP (10ms and 2ms TTI, TPRs optimized assuming Rel’7 operation), and LTE VoIP with 4-way RLC layer segmentation. The detailed choice of power offsets for CS voice and HSUPA are given in Annex B. As shown in Table 2, even with the 4-way RLC layer segmentation, LTE VoIP has a coverage gap of almost 4 dB compared to HSUPA VoIP with the 10ms TTI.
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(Rel'7, 2ms TTI) LTE VoIP

Units Value Value Comments

Total RF Bandwidth MHz 5 5 5

Packet Tx Bandwidth MHz 3.84 3.84 3.84 0.18

1 PRB for LTE

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

MAC PDU size bits 159 239 238 68

4-way packet segmentation for LTE

CRC size bits 12 24 24 24

Modulation BPSK BSPK BSPK QPSK

Number of coded bits per Tx bits

600 1200 960 288

SF=32/SF=8, Num E-DPDCHs=1 for 

HSUPA 10ms/2ms TTI

Code Rate on 1st Tx (with 

CRC)

0.29 0.22 0.27 0.32

Max Num HARQ Tx N/A 2 4 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 -99.2 -99.2 -112.4

Required SINR per antenna for 

2 branch Rx diversity dB

-22.15 -21.44 -18.47 -3.8

For HSUPA: HS-DPCCH not included; 

For LTE: assumes open loop PC with 

inter-subframe frequency hopping

Required Rx power dBm -121.3 -120.6 -117.6 -116.2

Building/vehicle penetration 

loss 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 4 4 3

Fast fade margin dB 1.5 1.5 1.5 0

No fast PC in LTE simulation

Implementation margin dB 1.5 1.5 1.5 1.5

Maximum Pathloss dB 139.5 138.8 135.8 134.9

LTE Coverage Gap dB 4.6 3.8 0.9


Table 2: Uplink link budget comparison between CS voice, HSUPA VoIP, and LTE VoIP using 4-way RLC layer segmentation (Pedestrian-B, 3km/hr)

3 Benefits of Longer Effective TTI Length

The techniques described in [2] and [3] autonomous HARQ retransmissions in consecutive subframes without waiting for ACK/NACK feedback; in effect forming a longer TTI length. A longer effective TTI length does not introduce overhead as in the case of RLC-layer segmentation; rather the packet size is the same as in the case of no segmentation. In addition, a longer TTI length does not require a more stringent BLER target as required in the case of segmentation.

Figure 2 gives the link level results for the case of no segmentation, 2 and 4-way RLC layer segmentation, and an effective 2ms and 4ms TTI length. Here we see that a 4ms TTI length provides a significant link budget gain. Note that we target a 0.5% segment error rate in the case of segmentation, and a 1% error rate in the case of no segmentation or a longer effective TTI length. Table 3 shows the link budget gap between LTE VoIP and HSUPA 10ms TTI is now only 0.6 dB, and the gap to CS voice is only 1.4 dB. Gaps of this magnitude can be closed by considering a lower IoT operating point to trade some capacity for improved coverage.

Figure 2: Link level results for no segmentation, with RLC-layer segmentation (2 and 4 segments), and a longer effective TTI length (2ms and 4ms), for a Pedestrian-B 3km/hr channel model.
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(Rel'7, 2ms TTI) LTE VoIP

Units Value Value Comments

Total RF Bandwidth MHz 5 5 5

Packet Tx Bandwidth MHz 3.84 3.84 3.84 0.18

1 PRB for LTE

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

MAC PDU size bits 159 239 238 224

4ms effective TTI for LTE

CRC size bits 12 24 24 24

Modulation BPSK BSPK BSPK QPSK

Number of coded bits per Tx bits

600 1200 960 1152

SF=32/SF=8, Num E-DPDCHs=1 for 

HSUPA 10ms/2ms TTI

Code Rate on 1st Tx (with 

CRC)

0.29 0.22 0.27 0.22

Max Num HARQ Tx N/A 2 4 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 -99.2 -99.2 -112.4

Required SINR per antenna for 

2 branch Rx diversity dB

-22.15 -21.44 -18.47 -7

For HSUPA: HS-DPCCH not included; 

For LTE: assumes open loop PC with 

inter-subframe frequency hopping

Required Rx power dBm -121.3 -120.6 -117.6 -119.4

Building/vehicle penetration 

loss 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 4 4 3

Fast fade margin dB 1.5 1.5 1.5 0

No fast PC in LTE simulation

Implementation margin dB 1.5 1.5 1.5 1.5

Maximum Pathloss dB 139.5 138.8 135.8 138.1

LTE Coverage Gap dB 1.4 0.6 -2.3


Table 3: Uplink link budget comparison between CS voice, HSUPA VoIP, and LTE VoIP using a 4ms effective TTI length (Pedestrian-B, 3km/hr)

4 Conclusion

· Current E-UTRA UL HARQ operation results in a significant coverage gap compared to HSUPA VoIP and WCDMA CS voice
· Techniques which form a longer effective TTI length (such as a 4ms TTI) close the link budget gap with HSUPA
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Annex A: RLC-layer Segmentation

VoIP packet assumptions:

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

· RoHC header of 4 bytes ( PDCP packet size of 208 bits

· Pending RAN2 decision, assume a 1 byte RLC header and 1 byte MAC header (optimized for VoIP)

· 24 bit CRC

Resulting packet sizes (with CRC) for different segmentation options:

· No segmentation: 248 bits

· 2 segments: 144 bits

· 4 segments: 92 bits

· 8 segments: 66 bits

Assumptions for Link level simulations:

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

· Assume a 0.5% segment error rate in order to achieve ~1% VoIP packet error rate

· QPSK modulation

· 8ms HARQ RTT

· Pedestrian B, 3 km/hr channel model,
· Inter-subframe frequency hopping applied

· TPC-PDCCH power control off for link budget study
No segmentation

Link level simulation results are shown in Figure A.1 for the case of no segmentation. Here we assume a maximum of 6 HARQ transmissions in order to keep the air interface delay to 40ms. Increasing the number of PRBs reduces the code rate (and hence reduces required SINR); however in the link budget there is also a reduction in the maximum transmit power per resource unit, hence we must find the optimum number of PRBs. Table A.1 summarizes the results, which shows that 2 PRBs is optimum here.

Figure A.1: Link level simulations for no segmentation
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	# PRBs
	Code Rate on 1st Tx for 224 bit packet + 24 bit CRC
	Required SNR per antenna (dB) for 1% residual BLER
	Tx PSD Reduction relative to 1 PRB (dB)
	Req. SNR + PSD Reduction  (dB)

	1
	0.86
	-0.5
	0
	-0.5

	2
	0.43
	-4.6
	3
	-1.6

	3
	0.29
	-5.9
	4.8
	-1.1

	4
	0.22
	-7.1
	6
	-1.1


Table A.1

RLC-layer segmentation: 2 segments

Link level simulation results are shown in Figure A.2 for the case of forming 2 segments. Here we assume a maximum of 6 HARQ transmissions in order to keep the air interface delay to 40ms. Table A.2 summarizes the results, which shows that 1 PRB is optimum here.

Figure A.2: Link level simulations for 2 segments
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	# PRBs
	Code Rate on 1st Tx for 120 bit packet + 24 bit CRC
	Required SNR per antenna (dB) for 0.5% residual BLER
	PSD Reduction relative to 1 PRB (dB)
	Req. SNR + PSD Red (dB)

	1
	0.49
	-3.1
	0
	-3.1

	2
	0.24
	-6
	3
	-3

	3
	0.16
	-7.3
	4.8
	-2.5

	4
	0.12
	-8.4
	6
	-2.4


Table A.2

RLC-layer segmentation: 4 segments

Link level simulation results are shown in Figure A.3 for the case of forming 4 segments. Here we assume a maximum of 5 HARQ transmissions in order to avoid queuing delay. Table A.3 summarizes the results, which shows that 1 PRB is optimum here.

Figure A.3: Link level simulations for 4 segments
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	# PRBs
	Code Rate on 1st Tx for 68 bit packet + 24 bit CRC
	Required SNR per antenna (dB) for 0.5% residual BLER
	PSD Reduction relative to 1 PRB (dB)
	Req. SNR + PSD Red (dB)

	1
	0.32
	-3.8
	0
	-3.8

	2
	0.16
	-6.7
	3
	-3.7


RLC-layer segmentation: 8 segments

Link level simulation results are shown in Figure A.4 for the case of forming 8 segments. Here we assume a maximum of 3 HARQ transmissions in order to avoid queuing delay. Assuming a 0.5% segment error rate is required with 8-way segmentation and 1% error rate for no segmentation, we see that 8-way segmentation provides no gain over the the case of no segmentation with 2 PRBs. 

Figure A.4: Link level simulations for 8 segments compared to no segmentation. 
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Annex B: Assumptions for R99 and HSUPA Rel’7

TPRs were optimized for voice and VoIP for CS voice and HSUPA (Rel’7), respectively, for a Pedestrian-B 3km/hr channel model. For VoIP via HSUPA, HS-DPCCH was not included to have a fair comparison with LTE in which we did not include the affects of the data non-associated control information.

· CS Voice assumptions for AMR 7.95kbps:

· d/c = 15/11
HSUPA VoIP 10ms TTI:

· ed/c = 30/15

· ec/c = 6/15

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

HSUPA VoIP 2ms TTI:

· ed/c = 27/15

· ec/c = 8/15

· Max of 4 HARQ transmissions, target 1% BLER post-HARQ
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[image: image9.emf]2-way segmentation, 116 info bits, QPSK,  HARQ RTT=8ms, Max HARQ Tx = 6
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[image: image10.emf]4-way segmentation, 68 info bits, QPSK,  HARQ RTT=8ms, Max HARQ Tx = 5
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[image: image11.emf]224 bits + 24 bit CRC, QPSK, HARQ RTT=8ms, Max HARQ Tx = 6
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