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Abstract

This document discusses timing relationships for MTC control channels that ensure that the data rate that can be transmitted to an MTC device is not impacted.
1. Introduction
This document considers two issues related to the timing of the control channels for MTC:
· cross subframe scheduling

· frequency location of the unicast PDSCH relative to the control channel

In order to support a range of MTC applications, including consumer electronics types of application, this document proposes that a UE should be able to receive a control channel and a unicast PDSCH in the same subframe when cross subframe scheduling is applied and that the unicast PDSCH and control channel should exist within the same range of PRBs.
2. Cross-subframe scheduling
In RAN1#80 Athens, the following agreement was made:

For Rel-13 low complexity MTC UEs:

· At least for unicast PDSCH transmission scheduled by ‘Physical downlink control channel for MTC’, cross-subframe scheduling is supported for normal coverage
For consumer-electronic type devices, a data rate of up to 1Mbps may be required [1]. This data rate is compatible with cross-subframe scheduling provided that the following mode of operation applies (as illustrated in Figure 1):

· in subframe ‘n’, the UE can receive a control channel allocating unicast PDSCH in subframe ‘n+k’
· in subframe ‘n’, the UE can receive unicast PDSCH that was scheduled using a control channel in subframe ‘n-k’
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Figure 1 – Mode of cross-subframe scheduling required to achieve peak data rate
In order to provide a useable peak data rate to CE-LTE types of devices, the UE should be able to receive a control channel and a unicast PDSCH in the same subframe, even when cross-subframe scheduling is applied. Hence the following proposal is made:

Proposal 1: the UE should be able to receive a control channel and a unicast PDSCH in the same subframe, even when cross-subframe scheduling is applied.
3. Frequency location of PDSCH and control channel
In order to maximize the data rate that can be delivered to the UE and to provide a robust system, the LTE MTC link should preferably work in the following manner:

1. The UE spends the minimum amount of time switching between frequencies. Since the Release-13 MTC UE is narrowband in nature, a switching time penalty occurs whenever the UE retunes from one frequency to another frequency.
2. It should be possible to transmit control signaling and unicast PDSCH to the UE in the same subframe (as per Figure 1).
3. The system should be robust to control signaling errors. The eNodeB needs to know in which set of PRBs the UE is decoding the control channel. This effectively precludes the eNodeB from dynamically allocating the control channel location for the UE via layer 1 signalling (if the UE does not receive one of the control channel messages, the UE and eNodeB can lose synchronisation in terms of the location of the control channel) 
The third point leads us to the conclusion that the control signaling should always exist in a fixed location for the UE. The second point, and based on the narrowband nature of the UE, then leads to the conclusion that the data should exist in the same narrowband region as the control signaling, at least for MTC UEs with relatively high data rate requirements.

In a cell there will be a mix of UEs, some requiring high data rates and others supporting low data rate applications. Although the eNodeB needs to schedule control and data in the narrowband region to maximize throughput to the high data rate UEs, this is not necessarily the case for the low data rates UEs. Allowing the eNodeB to schedule the low data rate UEs in any frequency location may be desirable form a scheduling flexibility perspective. However the number of bits required in the DCI in order to precisely schedule small amounts of physical resource to MTC UEs in a wide system bandwidth may be prohibitive (it has been observed [2] that reducing the DCI size leads to better performance of the Physical Downlink Control Channel for MTC). Hence from the perspective of control channel performance and system simplicity, our preference is that the control channel and data occupy the same set of PRBs, at least during the period of one frequency hop.
Hence the following proposal is made:

Proposal 2: During the period of any one frequency hop, the unicast PDSCH and the control channel should both occupy the same narrowband region of PRBs.
4. Conclusion
This document has considered two timing related issues for MTC control channels, leading to the following two proposals.

Proposal 1: the UE should be able to receive a control channel and a unicast PDSCH in the same subframe, even when cross-subframe scheduling is applied.
Proposal 2: During the period of any one frequency hop, the unicast PDSCH and the control channel should both occupy the same narrowband region of PRBs.
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