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1. Introduction

According to the agreed coverage enhancement (CE) target of the maximum coupling loss (MCL) with 155.7 dB, the repetitions are required for Rel-13 low complexity (LC)-MTC UEs in enhanced coverage. The following techniques to reduce the number of repetitions are being considered.

· Cross-subframe channel estimation

· DM-RS density increase

· PSD boosting

· Frequency hopping

· CDMA

· PUCCH structure

· Short CRC

At the RAN1#80 meeting, based on the evaluation results for the PUSCH, it was agreed to support two techniques, i.e., multiple subframe channel estimation and frequency hopping as indicated below. 
Agreements:

· For ‘physical channel(s) carrying UL data’ repetition (including different RVs) for Rel-13 low complexity MTC UEs with a coverage enhancement mode, the following techniques are supported

· Multiple-SF channel estimation

· Frequency hopping over system bandwidth across subframes

· Network can enable or disable the hopping
· FFS details of configuration

· FFS on other techniques

In our view, multiple subframe channel estimation and frequency hopping are the most effective techniques to significantly reduce the number of repetitions and the other techniques may be less helpful to achieve this goal. However, there are some other techniques, e.g., CDMA or PSD boosting, for the other purposes of enhancing the capacity of LC-MTC UEs in enhanced coverage [1]. In this contribution, we provide our views on the other techniques as well as remaining issues regarding repetition. We also present an application of CDMA from capacity perspective, taking into account potential impacts on the specification.
2. Techniques to Reduce the Number of Repetitions
In addition to frequency-hopping and multiple-subframe channel estimation, increasing the DM-RS density can be considered as an alternative approach to improve the channel estimation accuracy. In the current LTE, the DM-RS is mapped to one SC-FDMA symbol, the 4th SC-FDMA symbol, in each slot. To double the DM-RS density, the same DM-RS sequence is mapped to two SC-FDMA symbols, i.e., the 2nd and 6th SC-FDMA symbol, in each slot replacing data on the PUSCH. Accordingly, the channel estimate would be improved while the coding rate becomes higher. 

Figure 1 shows the BLER performance when the DM-RS density is doubled, i.e., two DM-RS symbols per slot, with the number of repetitions, N, as a parameter. Simulation conditions are based on [2] and also shown in Table AI in the Annex. We assume the practical channel estimation and the maximum residual frequency offset of 100 Hz. Any compensation for the residual frequency offset is not applied. The number of repetitions for cross-subframe channel estimation is set to M=4 regardless of the number of repetitions N since M=4 is found to provide the lowest BLER. The cross-subframe channel estimation is also assumed. For a lower number of repetitions, increasing the DM-RS density provides worse BLER performance than that for the 1 DM-RS symbol. The reason for this is that the channel estimation is accurate enough for both 1 DM-RS and 2 DM-RS cases while the coding rate for the 2 DM-RS case is higher than that for the 1 DM-RS case. On the other hand, for a larger number of repetitions such as 64, the use of two DM-RS symbols improves the performance since the accuracy of channel estimation is improved in lower SINR regions by increasing the DM-RS density. However, the gains from DM-RS density increase seem to be marginal. Another impact of increasing DM-RS density is that it would degrade the spectral efficiency, since the increased DM-RS occupies the resource for data transmissions.
Observation 1: With cross-subframe channel estimation, increasing DM-RS density degrades the BLER performance for a lower number of repetitions while it improves the BLER performance for a larger number of repetitions.
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Figure 1 – BLER performance for DM-RS density increase (2 DM-RS symbols in a slot).

3. Remaining Issues on Frequency-Hopping and Multiple-Subframe Chanel Estimation
There was discussion on whether or not to support discontinuous transmissions. There may be a tradeoff between time diversity effect due to discontinuous transmission and improvement of channel estimation accuracy by multiple subframe channel estimation. If each PUSCH subframe containing the same data is discontinuously transmitted, improvement of multiple subframe channel estimation cannot be expected. On the other hand, when continuous transmission of the PUSCH is always applied, time-diversity effect is not achieved. Therefore, in order to exploit the gains from both multiple subframe channel estimation and frequency-hopping, discontinuous transmission is applied every X consecutive PUSCH subframes as show in Fig. 2. Nevertheless, the performance gains from discontinuous transmission may be limited in the presence of frequency hopping since the diversity order achieved by only frequency hopping may be sufficient. Thus, one advantage of such discontinuous transmission would be considered to control traffic of LC-MTC. For a large number of repetitions, once data transmission/reception is initiated, the same resource is always consumed over more than 100 subframes. However, this may interrupt the normal LTE operation. In such a case, such an impact can be mitigated by applying discontinuous transmission. It should be further discussed whether discontinuous transmission is needed and how discontinuous transmission is fixed or configured.
Observation 2: Performance gains from discontinuous transmission may be reduced in the presence of frequency hopping. Discontinuous transmission would be beneficial in providing flexible resource allocation for normal LTE UEs.
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Figure 2 – Discontinuous transmission for PUSCH when applying multiple subframe channel estimation and frequency hopping.

4. Discussion on CDMA
Regarding other techniques, we consider that CDMA with a small spreading factor is suited to repetition using cross-subframe channel estimation. For example, in Fig. 3, CDMA can be directly applied by multiplying X consecutive subframes by an orthogonal cover code (OCC). Although application of CDMA does not help to reduce the number of repetitions, it can boost the LC-MTC capacity without sacrificing any performance benefits as long as low mobility is assumed. Considering the market trend of MTC, numerous MTC terminals are anticipated in the near future and capacity enhancement is considered to be also important factor. Therefore, we would prefer to support CDMA when the coverage enhancement is applied. 
Proposal 1: CDMA should be further considered when repetition is applied.
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Figure 3 – Application of CDMA to repetition.

If CDMA is to be supported, there are some specification impacts as summarized below.

· Code assignment

· In order to despread the repeated data, UE needs to know code information such as spreading factor and assigned OCC. The spreading factor would be indicated to the UE by semi-static signaling or associated with the number of repetitions. On the other hand, dynamic assignment of OCC would be preferred considering a flexible use of OCC, e.g., by means of the DCI. Assignment of the OCC is a part of resource allocation, and thus can be carried out by reusing MCS field or resource allocation filed in the DCI since all the MCS sets and resources do not need be reserved for the LC-MTC UE with a reduced UE BW. Therefore, specification change due to the code assignment would be trivial.
· The spreading factor needs to be determined considering performance and capacity. Regarding capacity enhancement, a greater capacity is always preferred as long as the performance is not deteriorated. From the performance perspective, we can refer to the impact of multiple subframe channel estimation on the performance. The appropriate number of consecutive subframes would be found to be four to eight [3] and thus, the spreading factors can be decided between four or eight.
· Power control
· In order to apply CDMA, the constant envelope over the consecutive subframes is required. However, a UE behavior needs to be cleared when the UE receives the TPC command during CDMA transmission.

5. Conclusion
In this contribution, we presented the remaining issues regarding the PUSCH transmission for the LC-MTC UEs in enhanced coverage. We discussed the need for the other techniques to improve the BLER performance and reduce the number of repetitions, i.e., increase in DM-RS density and discontinuous transmission. We observed the following
Observation 1: With cross-subframe channel estimation, increasing DM-RS density degrades the BLER performance for a lower number of repetitions while it improves the BLER performance for a larger number of repetitions.

Observation 2: Performance gains from discontinuous transmission may be reduced in the presence of frequency hopping. Discontinuous transmission would be beneficial in providing flexible resource allocation for normal LTE UEs.

We also described the need for the capacity enhancement for the LC-MTC UEs by means of CDMA and clarified the specification impact such as code assignment and UE behaviours. We made the following proposal.
Proposal: CDMA should be further considered when repetition is applied.
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Annex

Table AI.  Simulation Conditions
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