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1. Introduction
By the following agreements, techniques including repetition, multiple-SF channel estimation, and frequency hopping will be supported at least for PUSCH transmissions from UEs in enhanced coverage:
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 enhanced coverage:
· Repetition across multiple subframes is supported for the ‘Physical downlink control channel for MTC’

· Multiple repetition levels in time domain are supported

· Repetition/bundling of PDSCH across multiple subframes is supported

· Multiple repetition/bundling levels in time domain are supported

· Repetition/bundling of ‘physical channel(s) carrying UL data’ is supported

· Multiple repetition/bundling levels in time domain are supported
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 more details to support the agreed PUSCH transmission techniques. Discussions on the frequency hopping can be found in [1].
2. Discussions
2.1. Determination of PUSCH transmission subframes
Repeated PUSCH transmissions for LC MTC UE can introduce several new UE behaviours in determining which subframes are used for the repetitions.
First, the timing relationship needs to be defined between UL grant and PUSCH. Here, we propose that the eNB configures the set of subframes in which the PUSCH repetition can start. For example, when a UE receives UL grant whose last transmission occurs in subframe n, the corresponding PUSCH transmission starts in subframe n+k where k is the smallest value with k ≥4 and subframe n+k is included in the set of PUSCH start subframes. As illustrated in Figure 1, this operation enables the eNB to align the start of PUSCH transmissions from multiple UEs even when the corresponding UL grants are transmitted in different subframes. This can ease eNB scheduling for multiplexing PUSCH. For example, multiple UEs having the same repetition number can be grouped, and the group-wise TDM or FDM can be easily scheduled if PUSCH start subframe is aligned within the group.
Proposal 1: The eNB configures the set of subframes in which PUSCH repetition can start.
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Figure 1. An example of aligning the start of repeated PUSCH transmissions among UEs.
Second, it needs to be discussed whether the repetition applies to all the UL subframes or some UL subframes can be excluded in the repeated transmissions. If the network multiplexes normal UE and LC MTC UEs with coverage extension, a HARQ-process domain TDM can be used so that a set of UL subframes corresponding to a few selected UL HARQ processes are reserved for normal UEs. Such an operation has the benefit that at least the selected UL HARQ processes for normal UEs are not interrupted by the repeated transmissions from LC MTC UEs. In addition, some subframes can be reserved for other normal UE transmissions such as PRACH, and it is desirable to exclude those subframes in the repeated transmissions of LC MTC UEs. Thus, the eNB should be able to configure a set of UL subframes that are usable for repeated transmissions from LC MTC UEs. Furthermore, it is necessary to define eNB signalling for the resources where the shortened PUSCH is used in order to avoid collision with SRS transmitted from normal UEs.
Proposal 2: The eNB configures the set of subframes where PUSCH repetition can occur. In addition, the eNB configures the resource where the shortened PUSCH is used.
Another issue is how to handle the overlap of PUSCH transmissions from a single UE. When a long repetition is configured for PUSCH, it may be possible that a UE receives a UL grant which triggers another PUSCH transmission starting from a subframe that appears before completing the repetition of the previous PUSCH. This may not be an error case in the coverage extension case: For example, if the eNB successfully receives the previous PUSCH in the middle of repetition, the remaining repetition is meaningless and it can reduce the overall resource and power consumption by starting the next PUSCH transmission as early as possible. Figure 2 shows such an example. In order to allow this operation, the UE should drop the on-going repetition and start PUSCH repetition according to the newly received UL grant.
Proposal 3: When a new PUSCH transmission is scheduled before completing repetition of the previous PUSCH transmission, the UE stops the previous PUSCH transmission and starts new PUSCH. 
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Figure 2. An example of early PUSCH termination.
2.2. Transmit power control and timing advance
It is straightforward that TPC is necessary for UEs in normal coverage where the transmit power is not limited. For UEs in enhanced coverage, TPC may be beneficial at least for PUCCH as a tool to handle the near-far problem caused by the CDM-nature of PUCCH. Further investigation seems necessary on whether/how to support TPC for UEs in enhanced coverage as discussed in [2]. It is noteworthy that, if any power control (either open loop or closed loop) is applied to the repeated transmission of PUSCH/PUCCH, the transmission power should be kept at a constant level at least for the time duration in which the eNB performs multiple-SF channel estimation. This is because change of transmit power may lead to phase discontinuity as mentioned in [3]. 

Timing advance issue also needs to be considered carefully in the enhanced coverage case where multiple-SF channel estimation is supported. To be specific, if the UE changes its UL transmit timing in the middle of a set of subframes in which the eNB performs multiple-SF channel estimation, it gives the effect of changing the channel between the UE and the eNB during the repeated transmissions and the gain of multiple-SF change estimation may reduce. Thus, the application of TA command and any self adjustment should not be done for the time duration in which the eNB performs multiple-SF channel estimation.
The above discussions imply that some restriction needs to impose on changing UL transmission power and timing. In other words, the entire UL subframes are divided to multiple partitions, and UE is allowed to change them only at the boundary of the partition such that eNB can perform multiple-SF channel estimation over each partition. As the channel will anyhow change when the transmission RB changes by the frequency hopping, the UL subframe partition can be aligned with the frequency hopping pattern. 
Proposal 4: UE can change transmit power and timing only when the transmission RB changes by the frequency hopping. 

3. Conclusion
This contribution discussed about PUSCH-related operations in LC MTC UEs. The following proposals were made:
Proposal 1: The eNB configures the set of subframes in which PUSCH repetition can start.
Proposal 2: The eNB configures the set of subframes where PUSCH repetition can occur. In addition, the eNB configures the resource where the shortened PUSCH is used.

Proposal 3: When a new PUSCH transmission is scheduled before completing repetition of the previous PUSCH transmission, the UE stops the previous PUSCH transmission and starts new PUSCH.
Proposal 4: UE can change transmit power and timing only when the transmission RB changes by the frequency hopping.
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