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1
Introduction
In RAN1 #80 and #81, the followings have been agreed for the PUSCH coverage enhancement [1-2]:

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

Agreements:

· For UEs in coverage enhancement, the repetition level for at least unicast PDSCH/PUSCH is dynamically indicated based on a set of values configured by higher layers

· Note: the configuration can be explicit or implicit

· FFS: Use of different RVs or transmitting code bits of a TB across subframes for the repetitions

· Note: any previous agreements on RV still hold

· The dynamic signaling is via:

· Option 1: existing field in DCI 

· Option 2: A new field in DCI dedicated to provide the number of repetitions 

In this contribution, we discuss on the remaining issues on PUSCH coverage enhancement for MTC UE.
2
PUSCH transmission in CE
The number of repetition for PUSCH will be indicated from the associated DCI within a set of configured repetition number as agreed in the previous RAN1 meeting, therefore an eNB scheduler may perform a link adaptation of PUSCH transmission according to the channel condition. Note that even open-loop link adaptation can be used based on HARQ-ACK feedback. However, the number configured set of values should be as small as possible as it can increase the control signalling overhead, thus resulting in larger number of repetition of control channel. Since a finer link adaptation may be performed by a power control, only one or two bits to indicate the number of repetitions in the DCI seems to be reasonable.
Proposal-1: 1 or 2 bits are used to indicate the number of repetitions.
It has been discussed which field in the DCI will be used to indicate the number of repetitions for the associated PDSCH/PUSCH. The option-1 is using existing field in the DCI (e.g. TPC command) and the option-2 is introducing a new field in the DCI.
Given that the maximum TBS is limited and the resource allocation could be simpler for low-cost UE, the DCI format for low-cost UE could be newly designed rather than reusing existing DCI format. Therefore, a compact DCI can be designed for low-cost UE and/or coverage enhanced UE. In that sense, simply introducing a new field for the indication seems to be straightforward.
Proposal-2: a new field in DCI is used to indicate the number of repetitions.
Assuming that a small number of bits are used to indicate the number of repetitions of the associated PUSCH, using power control seems to be necessary for better battery saving especially in a small coverage enhancement case. For example, if the granularity of the repetition number indicated from DCI is 3dB, there is a possibility that a coverage limited UE may waste approximately 3dB in case that power control is not used and the coverage limited UE transmits maximum power always. Moreover, the use of power control for PUSCH transmission may help to reduce unnecessary inter-cell interference level. Therefore, it seems beneficial to support power control for PUSCH transmission at least in a small CE.
Proposal-3: power control is used for PUSCH transmission at least in a small CE.
In order to support the power control for a coverage enhanced UE, the number of repetition should be taken into account in the power control formula. For example, an offset which may be determined as a function of the repetition number may be used to compensate the PUSCH transmission power according to the number of repetition used for the PUSCH transmission.
Proposal-4: number of repetition is taken into account for PUSCH transmission power.
It has been proposed that the DM-RS enhancement is used for PUSCH coverage enhancement in which the DM-RS density for PUSCH is increased for better channel estimation performance. From the observations in [3], the benefit of increased DM-RS density is marginal in the best case and it sometimes results in performance degradation due to the loss of REs for PUSCH transmission. Note that cross-subframe channel estimation can increase channel estimation accuracy. Therefore, we propose not to use DM-RS enhancement for PUSCH coverage enhancement.

Proposal-5: no DM-RS density increment for PUSCH coverage enhancement. 

3
Conclusion
In this contribution, we discussed on the remaining issues for the PUSCH for MTC UE. From the discussions and observations, we propose followings:
Proposal-1: 1 or 2 bits are used to indicate the number of repetitions.
Proposal-2: a new field in DCI is used to indicate the number of repetitions.

Proposal-3: power control is used for PUSCH transmission at least in a small CE.

Proposal-4: number of repetition is taken into account for PUSCH transmission power.

Proposal-5: no DM-RS density increment for PUSCH coverage enhancement. 
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