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1 Introduction

RAN1#80 made the following observations regarding PUSCH coverage enhancement [1]:
Observations:

· In some cases, the results have a higher than expected variation. This may be due to the differences in residual frequency offset (0-100Hz) which companies assumed and/or due to the difference in symbol timing (some companies had perfect symbol timing others used realistic symbol timing).

· Cross SF channel estimation averaging is the most effective method to reduce the number of PUSCH repeats necessary.
· For 18dB gain and SF ave of 1 and 4, 7 of 8 companies’ results shows that increasing DM-RS by 2X is an effective method to reduce the number of PUSCH repeats necessary. For all other case, increasing DM-RS had no effect.

· The simulation results for the sub-PRB narrow band method are inconsistent but in general at low SINRS, the results show only a margin decrease in the number of PUSCH repeats necessary.

· The simulation results show that frequency hopping within 6PRB is not effective method to reduce PUSCH repeats.

· 5 of 6 companies’ results show that frequency hopping at low SINRs over 50 PRBs can reduce the number of PUSCH repeats.
Further, the following agreements were also concluded [1]:
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 this contribution, based on the progress made in the last meeting, further considerations on PUSCH for MTC and coverage enhancement are provided. 

2 Narrowband location
In current LTE system, the PUSCH transmission for Msg3 is scheduled by 20 bits UL grant in RAR [2]. When RRC connection is established, the resource allocation of PUSCH transmission is indicated via DCI in physical DL control channel.

For MTC UEs, the resource allocation (including the indication of narrowband location) of PUSCH transmission for Msg3 can also be indicated in RAR. However, considering significant repetition overhead of RAR transmission and potential RAR capacity shortage in coverage enhancement, simplifying UL grant in RAR can be considered to reduce the message size of RAR. For example, the narrowband of PUSCH transmission for Msg3 can be the same as that of PRACH transmission or can be derived from default TX-RX frequency separation. Thus, the UL grant size in RAR can be reduced.

Further, to achieve more compact RAR message, the PUSCH transmission for Msg3 can fully use the frequency resource on one designated narrowband. Thus, the UL grant in RAR may not be needed. 

Proposal 1: The narrowband of PUSCH transmission for Msg3 can be the same as that of PRACH transmission or can be derived from default TX-RX frequency separation.

For PUSCH transmission after RRC connection, the narrowband of PUSCH transmission can be indicated via DCI in physical DL control channel. Similarly, to make compact DCI, the narrowband of PUSCH transmission can be derived from default TX-RX frequency separation. Further, the PUSCH transmission can use all the PRBs on one designated narrowband to obtain more compact DCI. 
Proposal 2: After RRC connection, the narrowband of PUSCH transmission can be derived from default TX-RX frequency separation.
3 Multiple subframe channel estimation and frequency hopping
As agreed in the RAN1#80 meeting [1], channel estimation across multiple subframes and frequency hopping over system bandwidth are supported to improve PUSCH performance especially in enhanced coverage.

However, to perform multiple subframe channel estimation, it requires the narrowband location should be the same on these subframes for cross-subframe channel estimation, which has to be balanced with the requirement of PUSCH frequency hopping. Thus, a tradeoff between the length of cross-subframe channel estimation and the granularity of frequency hopping should be considered.

Observation 1: A tradeoff between the length of cross-subframe channel estimation and the granularity of frequency hopping should be considered.

Moreover, if a narrow-RF UE implementation is used, time for RF frequency retuning must be reserved for PUSCH frequency hopping. How much time is FFS in RAN4. The hopping period should also need to consider the performance gain, UE’s implementation complexity and power consumption. The frequency separation at each frequency hopping should also need to define.

For 1.4MHz system bandwidth, frequency hopping cannot be applied. As a result, more repetitions would be needed. Thus, the number of PUSCH repetitions at each repetition level need to be different at least according to the system bandwidth. To allow cells with differing coverage requirements to configure the number of repetitions efficiently, the repetitions should also be configurable per CE level. If the repetitions per level are fixed (per system BW), then higher coverage levels are unavailable to cells with smaller coverage demands and it is harder to closely match the actual number of repetitions needed by a UE to the number defined for the CE level.
Proposal 3: The number of PUSCH repetitions at each repetition level should be configurable.

It is agreed that the network can enable or disable the PUSCH hopping in CE mode [1]. In current specification, one bit frequency hopping flag in UL grant is used to enable/disable PUSCH hopping [2][3]. As a result, the network can reuse the field of frequency hopping flag to enable/disable PUSCH hopping.

Proposal 4: The network can reuse the field of frequency hopping flag in UL grant to enable/disable PUSCH hopping in CE mode.

4 Increasing DM-RS density
As described in the agreed observation [1], increasing DM-RS by 2X is an effective method to reduce the number of PUSCH repetition. 
· For 18dB gain and SF ave of 1 and 4, 7 of 8 companies’ results shows that increasing DM-RS by 2X is an effective method to reduce the number of PUSCH repeats necessary. For all other case, increasing DM-RS had no effect.

Therefore, increasing DM-RS density should be supported especially for large coverage enhancement amounts. Further, considering the UL subframes for PUSCH transmission may be no-consecutive in TDD, the number of effective UL subframes for cross subframe channel estimation may be limited due to the restriction of coherence time, which may lead to some performance degradation on multiple subframe channel estimation. From this point of view, it is also beneficial to increase DM-RS density to improve performance of multiple channel estimation.
To simplify the standardization design, considering large coverage enhancement amount, the current DM-RS within one subframe should be duplicated once within the same subframe.

Proposal 5: Increasing DM-RS density should be supported by duplicating the existing DM-RS once within the same subframe.
5 HARQ
In current specification, the subframe bundling operation can be applied to PUSCH transmission, and the bundle size is four consecutive uplink subframes. For FDD, 4 HARQ process are supported when TTI bundling is configured [2].
The number of HARQ process should be determined according to HARQ RTT and the size of PUSCH repetition/bundling. The HARQ RTT can be determined according to the delay requirement of MTC traffic. For TDD, the TTI bundling impact from non-consecutive UL subframes should be investigated. In our companion contribution [4], we have some more discussion on the number of HARQ process.
6 Conclusions
In this contribution, further considerations are given on PUSCH transmission from aspects of narrowband location, multiple subframe channel estimation, frequency hopping, increasing DMRS density and HARQ process number. The following observation and proposals are presented:

Observation 1: A tradeoff between the length of cross-subframe channel estimation and the granularity of frequency hopping should be considered.
Proposal 1: The narrowband of PUSCH transmission for Msg3 can be the same as that of PRACH transmission or can be derived from default TX-RX frequency separation.

Proposal 2: After RRC connection, the narrowband of PUSCH transmission can be derived from default TX-RX frequency separation.

Proposal 3: The number of PUSCH repetitions at each repetition level should be configurable.

Proposal 4: The network can reuse the field of frequency hopping flag in UL grant to enable/disable PUSCH hopping in CE mode.

Proposal 5: Increasing DM-RS density should be supported by duplicating the existing DM-RS once within the same subframe.
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