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1. Introduction

Several documents submitted to previous RAN1 and RAN2 meetings discussed VoIP UL coverage for LTE ‎[1]. The majority of the proposals can be grouped into TTI bundling ‎[2]

 REF _Ref189989559 \r \h 
‎[3]

 REF _Ref189989561 \r \h 
‎[4] and L2 segmentation ‎[5] of VoIP packets. This contribution compares TTI bundling and L2 segmentation and concludes in favor of TTI bundling.

2. L2 Segmentation vs. TTI bundling

The current RAN2 agreements allow applying L2 segmentation if VoIP packets cannot be transmitted in a single TTI due to a low uplink link budget. For example, a VoIP packet could be segmented in 4 RLC PDUs that are transmitted in 4 consecutive TTIs and several HARQ retransmissions might be targeted to achieve sufficient coverage. This is illustrated in the left part of Figure 1. However, this approach has three drawbacks ‎[2]:

1. Each additional segment introduces additional overhead.

2. HARQ transmissions/retransmissions for every segment may require grants on PDCCH consuming significant PDCCH resources.

3. Each HARQ transmission or retransmission is followed by HARQ feedback on PHICH. Assuming a NACK-ACK error ratio of 1e-3, the large number of HARQ feedback signals leads to high packet loss probabilities.  For example, if 12 HARQ feedback signals are sent, the HARQ feedback error ratio might be in the order of 1.2e-2. Packet loss rates of more than 1e-2 are unacceptable for VoIP traffic.
This problem may be solved with an ACK/NACK prohibit timer to ignore the first number of sent ACK/NACK.

An alternative to L2 segmentation is to bundle several TTIs together. In each TTI a redundancy version for a single HARQ process is sent, without waiting for HARQ feedback. Only when the last transmission of a TTI bundle is received, HARQ feedback is sent and expected. In essence, this scheme transmits the VoIP payload over a larger time span, thereby increasing the received energy at the receiver without the burden of additional L2 overhead. Note that, as soon as the code rate is below the mother code rate of 1/3, there is no gain in increasing the scheduled bandwidth as there is no additional coding gain to obtain and the UE is power limited – only an increased transmission duration helps. Since synchronous HARQ has been agreed for the uplink, special care has to be taken to align the HARQ retransmissions into the HARQ process pattern. One example of this is shown in the right part of Figure 1. The details on how to configure bundling are part of the RAN2 scheduling discussions but one possibility is to use RRC signaling to configure the number of TTIs to be bundled.
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Figure 1: L2 segmentation (left) and one example of retransmissions/”bundling” (right).

3. Evaluation

In our simulation setup users were located at the cell border having a constant path loss. On top of this path loss a fast fading model reflecting an ETU3 channel model was applied. 

In case of TTI bundling, 8 TTIs are bundled together. To model PHICH errors a NACK->ACK error rate of 1e-3 is assumed. 

For L2 segmentation a VoIP packet is segmented into a number of RLC PDUs that are transmitted in consecutive TTIs. Also here a NACK->ACK error rate of 1e-3 is assumed. Since in case of L2 segmentation a correct reception of a VoIP packet requires correct PHICH reception for all segments and retransmissions an ACK/NACK prohibit timer is introduced to ignore the first N transmitted ACK/NACK. 

The evaluation criteria applied to both schemes is a BLER of less than 1% over 10 s and a packet delay of less than 70 ms. Figure 2 shows the user satisfaction (i.e. for how many users above criteria is fulfilled) over the normalized sustainable path loss. The path loss is normalized to TTI bundling over 8 TTIs and a user satisfaction of  80 %. As can be seen influences the ACK/NACK prohibit timer user satisfaction if L2 segmentation is applied. Typically ignoring the first N = 4 ACK/NACK is sufficient. Assuming 2 segments and an ACK/NACK prohibit timer of N = 4 leads to a minimum resource requirement of 8 TTIs per voice packet. This can be compared with bundling of 8 TTIs, also here the minimum required number of TTIs to convey a single VoIP packet is 8.
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	Figure 2: User satisfaction over (normalized) pathloss.


Depending which user satisfaction is required the difference between bundling of 8 TTI and L2 segmentation into 2 segments varies from 2 dB (at high user satisfaction) to 4 dB (at lower user satisfaction) in favor of TTI bundling. 

The typically assumed voice outage ratio that is acceptable is 95 %. Assuming that these 5 % of users without coverage are placed at the cell border – and in our simulation all users are placed at the cell border – a user satisfaction of 0 % in our simulation would correspond to an overall user satisfaction of 95 %.  However, since this paper addresses techniques how to improve cell edge coverage it seems inappropriate to accept a satisfaction level of 0 %. However, as can be seen from Figure 2  below 80 % user satisfaction the relative difference between bundling of 8 TTIs and L2 segmentation into 2 RLC PDUs is almost constant 4 dB. 


Many factors contribute to this large difference of 4 dB, most noticeable are:

1. Due to the delay constraint the maximum number of TTIs that can be used to transmit a single VoIP packet is different for 8 TTI bundling and L2 segmentation into 2 RLC PDUs: In case of bundling at the most 32 TTI can be used to transmit a single VoIP packet where for segmentation this number is only 18. But even looking at segmentation of a VoIP packet into 4 RLC PDUs and ignoring the first 4 ACK/NACK– where the maximum number of TTIs that can be used to transmit a VoIP packet within 70 ms is 36 – underperforms with about 2 dB at user satisfaction levels below 80 %. Furthermore requires this scheme always at least 16 TTIs to transmit a VoIP packet.

2. The BLER of a single RLC PDU must be lower for L2 segmentation to fulfil the BLER target rate for the complete VoIP packet. 

3. Increased L2 and CRC overhead.

4. Conclusions

This contribution compares L2 segmentation and TTI bundling. It is shown that TTI bundling is superior to L2 segmentation and can increase coverage by several dB. 
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