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1. Introduction

RAN2 requests in incoming liaison ‎[1] analysis from RAN1 if the current assumptions on L2 protocol handling pose a coverage problem for LTE or not. This contribution provides link level results for VoIP considering current L2 protocol assumptions, especially L2 segmentation. 

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 2-3 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.

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

To illustrate the benefits of hybrid ARQ retransmissions (“TTI bundling”) compared to L2 segmentation, a simple example on the receiver sensitivity is given below. A VoIP service (AMR12.2 kbit/s) is assumed and 1, 2 and 4 RLC PDUs are used per VoIP packet including the required L2 overhead, see Table 2. In addition, the maximum number of HARQ transmissions (transmissions and retransmissions) was varied.  The results are shown in Table 3. As reference the case without L2 segmentation and up to 8 hybrid ARQ transmissions (i.e., up to 7 hybrid ARQ retransmissions) were used. Further parameters used for the simulations are provided in Table 1.

	Parameter
	

	Frequency hopping
	Yes

	Nominal bandwidth
	5 MHz

	Scheduled resource blocks
	1

	Number of RX antennas
	2

	Modulation
	QPSK

	Channel model
	PedA, 3 km/h


Table 1: Simulation assumptions.

	Number of segments
	Payload per segment [bit]
	Overhead per segment [bit]

	1
	296
	24

	2
	296/2
	24

	4
	296/4
	24


Table 2: Payload and overhead size.

	
	1 Transmission
	2 Transmissions
	4 Transmissions
	8 Transmissions

	1 segments
	-
	9.5 dB
	4.5 dB
	0 dB

	2 segments
	11 dB
	6 dB
	2 dB
	-2.5 dB

	4 segments
	8 dB
	4 dB
	0.5 dB
	-4 dB


Table 3: Sensitivity required for VoIP (AMR12.2 kbit/s). The sensitivity levels are normalized to the reference case of 1 segment and up to 8 transmissions.


In case of no segmentation and no retransmissions the required service quality cannot be achieved (this is obvious as the code rate is larger than one if only a single resource block is used for the payload in this example).  It can also be seen that retransmissions are far more efficient than segmentation due to the additional L2 and CRC overhead introduced by segmentation. For example, comparing the cases 8 transmissions/no segmentation with 2 transmissions/4 segments shows that retransmissions outperform segmentation by 4 dB. The exact number of course depends on the channel model, the scheduled bandwidth, the payload, etc, but the principle still holds - retransmissions are more beneficial than L2 segmentation.

The above results are optimistic in the sense that no feedback error on PHICH is considered. In order not to exceed a certain packet loss after several retransmissions very low error requirements on PHICH would be required. Another drawback on relaying on retransmissions is the increased delay since a retransmission cannot take place prior receiving corresponding ACK/NACK.  One solution to overcome these drawbacks but still avoid the disadvantages of segmentation is bundling of multiple TTI as outlined in ‎[2] and briefly described in Section ‎2.

4. Conclusions

This contribution presents link level results for VoIP coverage. The results show that L2 segmentation is inferior to retransmissions due to the high overhead introduced by L2 segmentation.
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