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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. The detailed simulation results presented in our companion contribution [2] illustrate that a significant uplink coverage issue exists for VoIP on LTE compared to VoIP on HSUPA and CS voice in WCDMA. The coverage issue has also been discussed in [3].
In this contribution, we discuss possible solutions to improve uplink LTE coverage. The basic idea is to form longer TTI length, however directly standardizing an increased TTI length would create significant impact to the current L1 agreements, including the number of HARQ processes and the HARQ RTT. Therefore, we propose a mechanism known as “multi-process” transmission which effectively forms a larger TTI length by allowing autonomous retransmission in consecutive subframes using consecutive HARQ processes. Closely related to this mechanism is the “time duration” field mentioned as possible part of the Uplink Scheduling Grant in the agreed document R1-073870 [4].
2 Understanding the LTE Uplink Coverage Limitation Given the Current Specification
Fig.1 illustrates the conventional transmission of a VoIP packet without any form of segmentation applied at L2. The basic problem here is that the maximum number of HARQ transmissions is typically constrained in order to meet the desired air interface delay budget, which means only a limited number of subframes can be used to collect energy per VoIP packet.

It has been shown as part of the performance verification effort that VoIP packets need to be segmented into even smaller packets in some difficult propagation scenarios, e.g. case 3, in order to improve coverage. A companion paper discusses the benefits from segmentation in more detail and includes relevant simulation results [2]. The resulting smaller packets can then be transmitted through separate HARQ processes. Fig.2 shows the principle of segmenting the VoIP packet into two parts, whereby we assume for this example optimized header sizes consisting of 8 bits for the MAC header and 8 bits for the RLC header only, and Fig.3 shows the resulting increased subframe utilization.
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Figure 1: VoIP packet transmission without L2 segmentation. VoIP delay budget typically constraints max # of HARQ transmissions to 6 (assuming 8 HARQ processes); hence can only collect energy over 6ms (6 HARQ transmissions x 1ms subframe) per VoIP packet.
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Figure 2: VoIP packets (a) without segmentation and (b) with segmentation into two smaller packets; in this example an AMR 7.95kbps vocoder is assumed, with 4 bytes of RoHC overhead.
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Figure 3: VoIP packet transmission with L2 segmentation allows larger energy collection in the given delay budget, at the expense of increased ACK/NACK transmission and additional packet overhead due to segmentation.

Segmentation has the advantage that increased energy can be collected for a given UE power limitation, which can ease coverage constraints. While the standard allows for segmentation of VoIP packets into even smaller packets and L2, there is significant overhead introduced as a result of:
(i) MAC header, RLC header, and CRC information must be applied for each segment separately, as shown in Fig.1. 

(ii) scheduling smaller packets in different HARQ processes requires additional PDCCH resources (ACK/NACK transmission on the PHICH, and UL scheduling grants in the case of dynamic scheduling)

As identified in [1] and [3], the increased ACK/NACK transmission on PHICH due to the segmented VoIP packet can lead to unacceptably high error rates as a result of NACK->ACK signalling errors.

3 Multi-Process Transmission Technique to Improve Uplink Coverage
A direct method to improve the uplink LTE VoIP coverage is to increase the amount of energy that can be collected for a given air interface delay target. This can be achieved by

(i) Increasing the TTI length beyond 1ms, and/or

(ii) Reducing the HARQ round trip time to allow a larger # of transmissions

Unfortunately, (i) involves modification to the current L1 agreements in order to support UEs with different TTI lengths, and (ii) would place even more stringent requirements on the eNB and UE processing times, which may not be possible.
An alternative which avoids the drawbacks of (i) and (ii) above is to consider what we refer to as “multi-process” transmission, which involves autonomous retransmission by the UE in consecutive HARQ processes without waiting for ACK/NACK feedback. The redundancy version on each autonomous retransmission in consecutive subframes changes in a pre-determined manner. 
Fig.4 illustrates the multi-process transmission technique for the case of utilizing two consecutive HARQ processes. Note that this method avoids the significant overhead from the current L2 segmentation technique shown in Fig.1. Segmenting into 2 packets at L2 introduces a 16% additional overhead, and segmenting into 4 packets at L2 introduces a 48% overhead, and as shown in [2] the 4 packet L2 segmentation achieves the best improvement in coverage for VoIP when taking into account the maximum allowable HARQ retransmissions. With the multi-process transmission technique in Fig.4, there is no added packet-size related overhead, given that there is only on MAC header, RLC header, and CRC associated with each VoIP packet.

[image: image5]
Figure 4: Multi-process transmission technique: autonomous retransmission in consecutive HARQ processes without waiting for ACK/NACK feedback; in this example 2 consecutive HARQ processes are used.
The key feature of the multi-process technique is the autonomous retransmission (with different redundancy versions) by the UE across multiple subframes without waiting for ACK/NACK feedback. There is a possibility that the code rate might be larger than 1 for the first subframe, but decoding becomes possible at the eNodeB as soon as the code rate becomes less than or equal to 1 (including CRC as information bits in this definition). 
4 HARQ Processing with Multi-Process Transmission Technique 

It is important that the multi-process transmission technique does not affect the UE or eNodeB processing time. In this Section, we show 3 alternatives that avoid a reduction of the processing time. We also consider the issue of excessive ACK/NACK transmission which would not only consume additional PDCCH resources, but also lead to the possibility of high packet error rate due to NACK( ACK signalling errors.
4.1 ACK/NACK per subframe

Fig.5 shows the straightforward approach, where by one ACK/NACK per subframe is transmitted. 
Pros: 
· ACK/NACK generation follows current specification

· No increase in latency for HARQ retransmissions

Cons: 
· High number of ACK/NACKs are transmitted leading to increased sensitivity of NACK( ACK signalling errors

· possibility that the code rate might be larger than 1 for the first subframe, in which case the first subframe will always cause a NAK to be transmitted 
· potential inefficiency as illustrated in Fig.5, where the retransmission on HARQ process 0 was not needed as the packet had succeeded decoding earlier
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Figure 5: ACK/NAK per subframe

4.2 ACK/NACK for last subframe only

Fig.6 shows the approach, whereby ACK/NAK is only transmitted for the last subframe of the allocated scheduling duration. To maintain the minimum processing time for UE and eNodeB, the retransmission timing needs to be delayed, corresponding to a longer HARQ RTT for this case. To preserve the same time grid as the initial transmission, it may be advantageous to delay the retransmission by an entire HARQ RTT, which is also proposed in [3].  
Pros:

· Reducing the number of ACK/NAK transmissions reduces the control signaling overhead on PHICH and also reduces the error probabilities of receiving a ACK when NAK was transmitted and vice-versa
Cons:

· increased latency for HARQ retransmissions, which reduces the number of HARQ retransmissions that can be utilized for a given air interface delay 
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Figure 6: ACK/NAK only for last subframe per allocated scheduling duration

4.3 ACK/NACK for first subframe only

Fig.7 shows the approach where by ACK/NAK is only transmitted for the first subframe of the allocated scheduling duration. 
Pros:

· Reducing the number of ACK/NAK transmissions reduces the control signalling overhead on PHICH and also reduces the error probabilities of receiving a ACK when NAK was transmitted and vice-versa

· No increase in latency for HARQ retransmissions

Cons:

· The first NACK may cause a retransmission of the entire allocated scheduling duration, which would not be required when one of the later subframes has been decoded successfully 
· There is a possibility that the code rate might be larger than 1 for the first subframe, in which case the first subframe will always cause a NAK to be transmitted 
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Figure 7: ACK/NAK only for first subframe per allocated scheduling duration 
Weighing the pros and cons of the different methods, we prefer ACK/NACK for the first subframe only, in order to avoid increasing the latency for HARQ retransmissions.
5 Signalling Multi-Process Transmission using the Time Duration Field in the Scheduling Grant 
We propose to adopt the “time duration” field mentioned as possible part of the uplink scheduling grant in the agreed document R1-073870 [4] to convey the use of the multi-process transmission technique. As illustrated in Fig.8 and Fig.9, the use of a time duration field allows conservation of the precious PDCCH resources.

Our simulation studies have shown that applying the multi-process technique over 4 subframes is sufficient to close the LTE VoIP link budget gap compared to HSUPA [2]; hence we propose to define in the uplink scheduling grant a duration field with 2 bits, addressing 1-4 subframes with one scheduling grant.
A scheduling duration larger than one could allocate multiple subframes for the first transmission only, or for the initial transmission and every retransmission. Allocating multiple subframes for the first transmission only and allocating one subframe for the retransmission benefits from having smaller granularity in the power budget over HARQ retransmissions at the expense of additional latency. However, timing for HARQ and UE/eNodeB processing for initial transmission and retransmissions would be different. We prefer to use multiple subframes with a scheduling duration larger than one in the initial transmission and the HARQ retransmissions as well.
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Figure 8: UL transmission of two consecutive subframes without Duration field in the Scheduling Grant

[image: image10]
Figure 9: UL transmission of two consecutive subframes with Duration field in the Scheduling Grant

6 Usefulness of Scheduling Duration for the Downlink Allocation
There is a compact scheduling grant format agreed for the downlink that bears some similarity with the uplink scheduling grant format. In particular, a scheduling duration agreed as part of the uplink scheduling grant would also lend itself to a similar definition for the downlink scheduling grant. 
We consider the duration field also useful as part of all downlink scheduling grants since it could reduce PDCCH overhead and provides additional flexibility with the scheduling decisions. However, it may be noted that implicit allocation of ACK/NAK resources on PUCCH becomes more difficult with the time duration field in the scheduling grant. Alternatively, the ACK/NACK resources could be signalled explicitly, either as part of the scheduling grant or as a field multiplexed in the physical downlink shared channel (PDSCH). In the latter case, a field in PDSCH is introduced, which is done in each subframe for the next subframe in repeating fashion. Therefore, a “mini-persistent allocation” could be realized without much overhead.
7 Summary
· A multi-process transmission technique is proposed in order to improve the LTE uplink coverage, in particular to close the VoIP link budget gap between LTE and HSUPA

· The multi-process transmission technique involves autonomous retransmission over consecutive subframes with changing redundancy version, without waiting for ACK/NACK feedback.

· ACK/NACK feedback to be used only for the first subframe in a multi-process transmission

· It is proposed to have a 2 bits time duration field in the scheduling grant, corresponding to the number of consecutive subframes allocated with one scheduling grant
· Compared to the “TTI Bundling” technique proposed in [3], the multi-process transmission technique does not increase the latency of HARQ retransmissions
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