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1
Introduction

Improvements to coverage for UL VoIP and for medium data rate PUSCH were identified as first priority areas in the UL Coverage Enhancements SI [1]. Several potential techniques have been proposed, including changes to the HARQ RTT and number of bundled subframes, support for larger TB sizes and flexible configuration / signaling in support for TTI bundling.
In this contribution, we present UL VoIP link-level simulation results for NB AMR 12.2kbps. We compare R8 TTI bundling to achievable UL performance with several of the proposed techniques in [2][3].
We briefly review candidate transmission schemes to improve upon UL coverage for VoIP in Section 2. Link-level evaluation assumptions and results are summarized in Section 3.
This contribution provides an updated set of link-level evaluation results based on [2] presented in March 2012 RAN1#68bis. Other than the updated evaluation results in Figures 1 and 2, contents of all sections including discussion, recommendations and conclusions are unchanged compared to [2].
2
Discussion
UL coverage is primarily determined by how much energy the receiver, i.e. eNB can collect for any transmitted VoIP SDU. Then, the channel characteristics like the amount of time diversity achievable over the duration of allowed UL delay budget, or the probability of loss for individual HARQ transmissions in presence or absence of TTI bundling as a function of the fading channel under consideration are important.
R8 LTE introduced TTI bundling to improve UL VoIP coverage. The principle is to maximize the amount of time a UE can transmit continuously at maximum power. A single TB is channel coded and transmitted in a set of 4 consecutive TTI’s. The bundled TTI’s are treated as a single UL resource assignment where only a single UL grant and a single PHICH ACK/NACK are required. TTI bundling in R8 LTE is activated through RRC. For example, observing UE pathloss or PHR can be used by the eNB to activate TTI bundling. When R8 TTI bundling is used, every VoIP packet can now be transmitted using a bundle of 4 consecutive subframes repeating in patterns of period 16 subframes. This is to respect the LTE UL Synchronous HARQ n+8 re-transmission intervals for a given HARQ process. For the same assumed 52 ms example UL Uu delay budget, per VoIP SDU some 16 subframes can now be delivered to the receiver. UL subframe utilization per HARQ process is increased to some 28%. The UE can now use the available Tx power in 28% of all available subframes to deliver that RLC SDU when assuming no RLC segmentation. In average, the total UL subframe utilization ratio for a UE across all concurrently active HARQ processes (concurrent RLC SDU’s being transmitted) can reach as high as 80% for some radio frames. Observed UL subframe utilization ratios are typically higher than 40% during talk spurt periods. Evaluations of R8 TTI bundling (bundle size 4) show that it offers the possibility to boost coverage by some 2-2.5dB when compared to the use of 8 UL HARQ processes to carry VoIP in FDD.
Transmission schemes to improve upon R8 UL VoIP coverage using TTI bundling [2][3] may broadly be classified into 3 categories.

1. Variations of R8 TTI bundling: These are different combinations of bundle size (2, 4 or 8) and different HARQ transmissions timelines (ex: k+8, k+12, k+16). In most cases, these result in different trade-off’s between number of TTI’s per RLC PDU, maximum number of re-transmissions and number of concurrently active UL HARQ processes. Performance benefits may to some extent be expected in terms of UL multiplexing capacity, i.e. area coverage for a given AMR code rate.

2. Longer TTI’s: In its most simple realization, this is a R8 PUSCH sent over 20 TTI’s carrying one VoIP RLC SDU. In order to achieve more time diversity for a given VoIP packet over the duration of the transmission window, approaches such as for example a first initial transmission of 10 TTI’s followed by a re-transmission some 20 ms later of another 10 TTI’s may be considered falling into this category. Performance benefits may be expected from the use of the theoretical maximum number of 20 TTI’s per VoIP RLC SDU when compared to R8 TTI bundling.
3. Change of transmission format: One example for such a transmission scheme is the use of a PUCCH Format 3 like channelization scheme on PUSCH allocations. In addition to the benefits observed from the use of longer TTI’s, these approaches may also be expected to benefit from more favorable operating SNR for theoretical considerations, and offer the possibility for multiplexing gains on the system-level.
Note that these approaches or categories may not necessarily be mutually exclusive, i.e. the use of PUCCH F3 benefits from the use of longer TTI’s.

In the following, we briefly show some example transmission approaches representing the above 3 broad categories to improve on UL VoIP coverage.
Transmission scheme 1-B: TTI bundling size 8

This transmission scheme has already been evaluated in R8. A bundle size of 8 consecutive TTI’s is used (instead of 4 in R8). But like in the case of R8 TTI bundling, the re-transmission of a bundle is possible every k+16 subframes. Only 2 concurrent UL HARQ processes can be active in the UE (although some scheduling flexibility exists adjusting the number of allowed re-transmissions for some TB’s). A given HARQ process can transmit at least 2 times.

The resulting Uu delay is 24 ms per VoIP packet excluding additional processing time. 16 TTI’s can be collected per transmitted VoIP packet.

Transmission schemes 1-C and 1-D: Faster HARQ (bundle size of 4)

The TTI bundle size is 4 like in R8. However, a TTI bundle can be re-transmitted either every k+8 or every k+12 subframes instead of k+16. This comes at the expense of reduced processing times for DL grant ( 1st PUSCH ( PHICH/PDCCH ( 2nd PUSCH. The number of allowed transmissions per HARQ process is set to 4 and 5 respectively. During a talk spurt, either 2 or 3 concurrent HARQ processes can be active in average per UE.

The resulting Uu delay is 28 ms (using k+8) or 52 ms (using k+12) per VoIP packet when excluding additional processing time. 16 (using k+8) and 20 9using k+12) TTI’s can be collected per transmitted VoIP packet.

Transmission scheme 2: Longer TTI

Transmission scheme 2 in its most simple realization is a R8 PUSCH sent over 20 consecutive TTI’s carrying one VoIP RLC SDU. The R8 PUSCH format is unchanged, i.e. there is 1 RS on the middle symbol of a timeslot. The payload of TB size 320 bits + 24 bits CRC can benefit from a processing gain of 12*12*2*20/344 = 5760 or factor 16.7 in the form of channel coding. R8 turbo-coding is employed, and the contents of the circular buffer are mapped frequency-first across the 20 consecutive TTI’s resulting in an effective code rate of ~0.06. Consecutive VoIP packets delivered by the codec result in consecutive PUSCH allocations of 20 subframes each.

The resulting Uu delay is 20 ms per VoIP packet when excluding additional processing time. 20 TTI’s can be collected for every transmitted VoIP packet.

Note that in order to benefit from time diversity, the above transmission approach can be adjusted to stretch over longer durations, i.e. a first VoIP packet ready in subframe n is sent on even subframes over a period of 40 ms, while the preceding VoIP packet generated at n-20 and next-following n+20 VoIP packet are mapped to the odd subframes over this same transmission duration. Or, a single 10 ms PUSCH can be transmitted that is followed by a 2nd re-transmission in k+30. We show performance impacts due to time diversity for all 3 transmission timelines.
Transmission scheme 3: PUCCH Format 3

Transmission scheme 3 follows the same approach described above for transmission scheme 2. However, the R10 based PUCCH Format 3 like channelization is employed instead of R8 PUSCH. There are 2 RS per timeslot using OCC length 5. Every subframe can carry 48 channel-coded bits. 960 channel-coded bits are available for a TB size 320 bits + 24 bits CRC over transmission duration of 20 TTI’s. The effective code rate is around 0.35. Turbo-coding and frequency-first mapping is used. The overall available processing gain for this single RB allocation occupying 20 TTI’s total factors into both spreading (x 5) and channel coding (x 3).
Note that it is also possible to consider using a PUCCH F3 like transmission format using only 1 RS per timeslot, assuming that channel estimation losses can be recovered by not using intra-subframe FH. In this case, the OCC length for the data-carrying symbols is increased to 6.
Similar to the PUSCH based transmission schemes, in order to benefit from time diversity, a VoIP packet ready for transmission at time instant k=0 ms is coded into a first group of 10 consecutive TTI’s, transmitted over a duration of the next 10 consecutive subframes, then re-transmitted in a second group of 10 consecutive TTI’s at k+30ms. There are 3 active HARQ processes, each having a TTI length of 10 ms with a number of 2 total transmissions.
The resulting Uu delay is 40 ms per VoIP packet when excluding additional processing time. 20 TTI’s can be collected for every transmitted VoIP packet.
Table 1 summarizes all evaluated transmission schemes in Section 3. We also show the number of TTI’s that can be collected per RLC PDU when using the selected HARQ configuration assumptions. Entries labeled in red show where a given candidate transmission approach differs from the R8 baseline.
Table 1: Summary of HARQ configurations for the evaluated transmission schemes.
	
	R8 baseline
	(1) Variations of TTI bundling
	(2) Longer TTI’s
	(3) PUCCH F3

	Parameters
	No TTI bundling
	TTI bundling
	TTI bundle size 2
	TTI bundle size 8
	TTI bundle size 4
	TTI bundle size 4
	PUSCH 20ms
	PUSCH 10ms
	PUSCH 10ms
	PUCCH F3 2RSs
	PUCCH F3 1RS

	TTI bundle size
	1
	4
	2
	8
	4
	4
	20
	10
	10
	10
	10

	Number of

transmissions per
UL HARQ
process (maxTx)
	8
	4
	4
	2
	4
	5
	1
	2
	2
	2
	2

	Re-transmission
timeline per UL
HARQ process
	k+8
	k+16
	k+8
	k+16
	k+8
	k+12
	N/A
	k+20
	k+30
	k+30
	k+30

	Number of UL
HARQ processes
per UE
(nHARQ)
	4
	4
	4
	2
	2
	3
	1
	2
	3
	3
	3

	HARQ timeline
	4/4/4
	4/4/8
	4/4/3
	4/4/5
	4/3/2
	4/4/4
	4 / N/A
	4/4/6
	4/4/16
	4/4/16
	4/4/16

	TTI’s per trans-

mitted RLC SDU
	8
	16
	8
	16
	16
	20
	20
	20
	20
	20
	20


3
Evaluation assumptions and results
For all transmission schemes, NB-AMR 12.2 kbps is assumed. NB-AMR 12.2 kbps is evaluated for a TB size of some 320 bits when not using RLC segmentation. This number assumes 3 bytes ROHC headers, 3 bytes PDCP/RLC/MAC headers and includes 2 bytes for either padding or handling of small variations in payload size.

For the baseline case R8 TTI bundling, a re-transmission of a TTI bundle of size 4 is possible for every k+16 subframes. The number of allowed transmissions per HARQ process is set to 4. During a talk spurt, 4 HARQ processes per UE are active in average. The resulting Uu delay is 52 ms per VoIP packet when excluding additional processing time from the vocoder, buffering, L1 and L23 protocol handling and any scheduling delay. 16 TTI’s can be collected per transmitted VoIP packet.
We do not show results for the R8 case when transmission windows are increased to about 70-80 ms. The latter approach will result in better performance that needs to be accounted for when considering proposed transmission schemes to improve UL VoIP coverage when compared to R8.
Single RB PUSCH allocations are used for all evaluated transmission schemes including R8 TTI bundling. Therefore, no separate link budget is included into this contribution, given that the required operating SNR numbers to reach a rBLER = 2% already provide an indication of relative performance to be expected in UL coverage limited scenarios.
MCS index 6 is used for scheduling the PUSCH in the evaluated setup. PUCCH Format 3 follows the R10 specifications, i.e. OCC length is 5 for the un-shortened format. Performance for shortened transmission formats is not evaluated. R8 PUSCH frequency-hopping is used for all evaluated transmission schemes.

Table 1 summarizes generic link-level evaluation assumptions. Figures 1 and 2 show link-level performance for the evaluated transmission schemes in EPA 7.2Hz and ETU 7.2Hz for 1 Tx / 2 Rx antenna configurations.

Table 1: Link-level evaluation assumptions / VoIP UL Coverage

	Parameters
	Value

	System bandwidth
	10 MHz

	Antenna configuration
	1 Tx / 2 Rx (Low correlation)

	Channel
	EPA (7.2 Hz), ETU (7.2Hz)

	Receiver
	MMSE

	Channel Estimation
	Realistic

	Noise Estimation
	Ideal

	PUSCH frequency-hopping
	ON

	Codec mode
	NB-AMR 12.2

	RLC segmentation
	OFF

	rBLER target
	2%
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Figure 1: NB-AMR 12.2kbps UL coverage in EPA 7.2Hz using different transmission approaches
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Figure 2: NB-AMR 12.2kbps UL coverage in ETU 7.2Hz using different transmission approaches

As can be seen in Figures 1 and 2, the use of longer TTI’s either by sending a R8 PUSCH or by sending a R10 PUCCH Format 3 using PUSCH allocations offers potential for an improvement close to 1dB when compared to R8 TTI bundling for a residual BLER target of 2%.
Using either approach, 20 TTI’s can be collected per transmitted RLC PDU. These results also show that time diversity is important. The observed loss from transmitting a 20 TTI long consecutive PUSCH or PUCCH F3 allocation rather than a first transmission of 10 TTI’s followed by a re-transmission of 10 TTI’s some 20 subframes later amounts to some 1-1.5dB.
Similarly, the use of shortened HARQ timelines, ex: k+12 would allow for collecting 20 TTI’s for any given RLC SDU over the duration of a much smaller transmission window.
For the evaluated PUCCH F3 using only 1 RS per timeslot rather than R10 PUCCH F3 with 2 RS, losses due to channel estimation are observed. However, when using inter-subframe based FH only, one may expect to see better performance if channel estimation can benefit from the 2 RS’s available over 2 consecutive timeslots.

The selected mapping scheme for the channel-coded bits onto available time-/frequency resources similarly impact achievable performance. For above results in Figure 1 and 2, a sequential mapping approach was chosen. This results in channel-coded bits being mapped to individual TTI’s rather than being spread across all available TTI’s and reduced diversity. In consequence, the decoding performance of PUCCH F3 is penalized by around 1dB when comparing to the frequency-first mapping chosen for the PUSCH based transmission approach. However, both approaches will perform similar for the assumed noise-limited UL setup when reasonable mapping schemes are chosen, i.e. about 1 dB better than achievable with R8 TTI bundling.
While the presented link-level results provide a good indication of what gains to expect due to availability of 20 TTI’s to decode any given VoIP RLC SDU in a purely noise-limited UL, system-level evaluation is necessary to assess the efficiency of above transmission schemes taking into account factors such as losses due to reduced HARQ early termination gains with longer TTI’s. In addition, the use of PUCCH F3 may be expected to result in further benefits due to the ability to multiplex users onto RB’s through OCC.
4.
Conclusions and Recommendations

In this contribution, we show UL VoIP link-level simulation results for NB AMR 12.2kbps in EPA and ETU 7.2 Hz. We compare R8 TTI bundling to achievable UL performance with several of the proposed techniques in [2][3].

Based on above results, we observe that the use of longer TTI’s either by sending a R8 PUSCH or by sending a R10 PUCCH Format 3 using PUSCH allocations offers potential for an improvement close to 1dB when compared to R8 TTI bundling for a residual BLER target of 2%.
While the presented link-level results provide a good indication of what gains to expect due to availability of 20 TTI’s to decode any given VoIP RLC SDU in a purely noise-limited UL, system-level evaluation is necessary to assess the efficiency of above transmission schemes taking into account factors such as losses due to reduced HARQ early termination gains with longer TTI’s. In addition, the use of PUCCH F3 may be expected to result in further benefits due to the ability to multiplex users onto RB’s through OCC.
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