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1. Introduction

During the last RAN1 meeting in June, there were discussions on extending Tx time duration longer than 0.5 ms to enhance the cell coverage in both EUTRA downlink and uplink. There were several enabling methods discussed, that is, variable TTI, subframe repetition, persistent scheduling. In this paper, we make some clarifications and suggest a way forward.
2. Coverage enhancement by extended Tx time duration
We assume that radio transmission time duration of both L1/L2 control signaling and data of a subframe should be lengthened to enhance the cell coverage. That is, equal or more than two OFDM symbols should be allocated to L1/L2 control signaling and much longer than 0.5 ms should be allocated to data transmission.
Under this assumption, we identify three possible methods discussed during the last meeting. We discuss those methods below.

(Method 1) Simple Nx repetition of a subframe
With this method, 0.5 ms subframe including L1/L2 control channel is transmitted repeatedly N times as depicted in figure 1. This looks very simple approach which doesn’t require any modification on the 0.5 ms subframe format design. However, there are significant drawbacks with this method as follows.

· Delay in reading L1/L2 control signaling: UE or eNode B receiver should read L1/L2 control signal spanned over N subframes, which especially blocks ‘micro-sleep’ operation in downlink, if any.

· Increased buffering: UE or eNode B receiver should keep buffering data part of N-1 subframes before it can decode the L1/L2 control signaling. Especially, this will be significant problem in downlink since a UE cannot know if certain time-frequency resource is scheduled to itself before it decodes L1/L2 control signaling
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Figure 1. Nx repetition of a subframe
(Method 2) TTD (radio transmit time duration) larger than 0.5 ms
For convenience, we define a term ‘TTD’ indicating actual radio transmit time duration of a L1 PDU since there were some confusions in using the term ‘TTI’ during last meeting.
With this method, a TTD which is N times longer than 0.5 ms subframe is defined. There can be various options depending on the encoding and interleaving schemes of L1/L2 control part and data part within a TTD. However, we suggest the following structure.
Number of supported TTDs: Only one TTD is supported at least in one cell.

Encoding of L1/L2 control signaling part: Number of OFDM symbols used for L1/L2 control signaling may vary depending on the control channel design.
· If only one TTD is to be supported at least in one cell, it can be efficient being able to change the number of OFDM symbols (e.g. 1 or 2 symbols) used for L1/L2 control signaling in respect of required coverage and signaling overhead.
Encoding of data part: Common encoding and interleaving of data part over whole TTD
· Regardless whether multiple TTDs are employed or not, each TTD should support highest peak data rate if only one TTD is to be supported at least in one cell.  For this reason, data part within a TTD should be encoded as a whole. Coverage can be enhanced by applying MCS with very row code rate.
Placing L1/L2 control signaling: Putting L1/L2 control signaling part ahead of the data part within a TTD
· This structure seems to provide absolute benefits in respect of L1/L2 control signaling delay and buffering.

Figure 2 depicts the proposed structure in case of TTD = 1 ms in a cell.
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Figure 2. TTD larger than 0.5 ms
(Method 3) Persistent scheduling
In current TR25.814 [1], 2~3 bits ‘scheduling duration’ information is defined as a part of L1/L2 control signaling for persistent scheduling. Even though there was a discussion on using persistent scheduling as a kind of ‘dynamic TTD’ for coverage enhancement, we think it is difficult to exploit persistent scheduling for coverage enhancement due to the reasons as follows.

· Data parts of persistent-scheduled subframes should be encoded subframe by subframe because
· If not, too many MCS should be defined and tested.
· If not, codeword (and interleaver) size should be too large.
· If not, HARQ delay should be too large and HARQ efficiency should be greatly degraded due to the large HARQ packet size.

3. Conclusion
In this paper, we discussed possible methods of coverage enhancement by extending Tx time duration. As a conclusion, we think that simple subframe repetition or persistent scheduling cannot be an efficient solution for coverage enhancement. Regarding TTD (transmit time duration) larger than 0.5 ms. We suggest to employ variable number of OFDM symbols for L1/L2 control signaling put ahead of data part within a TTD, and common encoding/interleaving over data part within a TTD. 
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