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1 Introduction
RAN#65 has approved a Rel-13 work item on “Further LTE Physical Layer Enhancements for MTC” [1]. This contribution outlines out initial thoughts on the design of physical data channels and associated physical control channels.
2 Discussion
According to the WID, the new Rel-13 low complexity UE should have a reduced UE bandwidth of 1.4 MHz in downlink and uplink. Bandwidth reduced UEs should be able to operate within any system bandwidth, and frequency multiplexing of different UEs should be supported.
A reduced bandwidth UE will only be able to receive up to 6 PRBs at a time. The UE will be able to re-tune its center frequency in order to e.g. move from the center 6 PRBs within the system bandwidth to some other 6 PRBs. This is depicted in Figure 1. The allowed re-tuning time is to be determined by RAN4.
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Figure 1: Bandwidth reduced UE with reconfigurable UE centre frequency.
Furthermore, coverage improvement corresponding to 15 dB for FDD should be targeted according to the WID. Techniques that can be considered include data subframe bundling with HARQ. This is depicted in Figure 2. Both the data channel and the associated control channels in downlink and uplink may need to be repeated, not necessarily with the same repetition factor.
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Figure 2: Data subframe bundling and HARQ feedback repetition.
The following agreements were made during the Rel-12 work [2].
· After the initial random access procedure, for a physical channel using repetition, the repetition level is up to network.
· For UEs in enhanced coverage mode for MTC,
· For UE-specific search space, 
· (E)PDCCH to schedule PDSCH is supported.
· Repetition of (E)PDCCH with multiple levels is supported. 
· From the UE perspective, the possible starting sub-frames of (E)PDCCH repetitions are limited to a subset of sub-frames. 
· For UEs in enhanced coverage mode for MTC,
· Repetition of PDSCH across multiple sub-frames is supported.

· Multiple repetition levels in time domain are specified.

· For UEs in enhanced coverage mode for MTC,
· Repetition of PUSCH across multiple sub-frames is supported.

· Multiple repetition levels in time domain are specified.

· For UEs in enhanced coverage mode for MTC, if/when PDSCH is indicated via (E)PDCCH,
· The relation of PDSCH timing to (E)PDCCH timing shall be known to UE and shall not be configurable by higher layer parameter dedicated only for this purpose and shall not be indicated by (E)PDCCH. FFS on how to derive it or fixed by spec.

· Assigned PDSCH is transmitted not before end of (E)PDCCH, i.e., if subframe n is the last (E)PDCCH repetition then PDSCH start n + k (k > 0)
· At least for unicast traffic,

· UE shall monitor more than one (E)PDCCH decoding candidate. 
· FFS whether or not UE shall monitor multiple total aggregated resources of (E)PDCCH decoding candidates 

· The UE shall use the same (E)PDCCH decoding candidate m with an aggregation level defined for each subframe within the repetition window.
In our view the Rel-12 agreements listed above can be adopted as they are, except that (E)PDCCH should be replaced with EPDCCH. The WID states that when defining the detailed solutions for the coverage enhancement techniques, the work should strive to minimize divergence of solutions between the new low complexity UE and other UEs, and since it is not feasible for the new low complexity UE with its reduced bandwidth to receive the wideband channel PDCCH, we do not think that enhancements of PDCCH are in the scope of this work item.
Proposals:

· Adopt the Rel-12 agreements listed above with the exception that (E)PDCCH is replaced with EPDCCH in all occurrences.
Furthermore, the following working assumptions related to PUCCH were made during the Rel-12 work [2]:

· For UEs in enhanced coverage mode for MTC, 
· No support of repetition of periodic CSI over PUCCH

· FFS: Periodic CSI over PUCCH without repetition
· ACK/NACK on PUCCH is supported. FFS on the configurability of ACK/NACK.

· Dedicated SR is supported but no further optimization beyond PUCCH repetition for SR (e.g. no new formats).

Proposals:

· ACK/NACK/SR on PUCCH is supported.

· Support of CSI on PUCCH is FFS.
The scheduling flexibility and throughput of a bandwidth reduced UE will benefit from being able to receive EPDCCH and PDSCH sequentially. In enhanced coverage, one practical solution is that all EPDCCH subframes are transmitted before all PDSCH subframes, i.e. a form of cross-subframe scheduling, as depicted in Figure 3. As stated in the WID, the work with the physical layer control signalling (e.g. EPDCCH) should aim for a high level of commonality between the solutions for the new low complexity UEs and the solutions for coverage enhanced UEs.
Proposal:

· For bandwidth reduced and/or coverage enhanced UEs, all EPDCCH subframes are transmitted before the associated PDSCH subframes.
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Figure 3: Illustration of EPDCCH and PDSCH/PUSCH transmission.
In order to be able to refer to the PRBs within the total system bandwidth in a simple way, the total number of PRBs could be split into PRB groups where each PRB group consists of 6 PRBs. An example is depicted in Figure 4. In this example, the total number of PRBs is 100. The centre PRB group (PRB group #8) contains e.g. PSS/SSS and PBCH. There are 7+7=14 other PRB groups of size 6 PRBs. At system bandwidth edges there are “incomplete” PRB groups consisting of less than 6 PRBs.
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Figure 4: Grouping of PRBs into groups of 6 PRBs (100 PRBs in total).
It may be beneficial to allocate UEs that require the same amount of downlink coverage enhancement to the same downlink PRB group(s). It may simplify the timing relationships and help avoid resource fragmentation within each PRB group. If frequency hopping is introduced, the UEs within the same PRB group should probably be hopping together in some PRB group hopping pattern.

EPDCCH should be optimized for 1.4 MHz bandwidth so that it can be contained within 6 PRBs and also fill out 6 PRBs completely when this is needed. There may be a need for slight modifications of EPDCCH to achieve this. New compact DCI formats should be considered. Different DCI formats may be used by enhanced coverage UEs and normal coverage reduced bandwidth UEs. For example, it makes sense that a UE in enhanced coverage is always scheduled with 6 PRBs in downlink and always with 1 PRB in uplink, assuming that 1 PRB is the minimum uplink resource granularity. This would save DCI payload overhead. The minimum uplink resource granularity needs to be defined before the details of the resource allocation are worked out.
Any performance improvement that helps to significantly bring down the UE power consumption deserves to be considered since reduced power consumption is one of the work item objectives. Improvements that help reduce the number of required repetitions will be helpful in reducing the power consumption through reduced UE transmit/receive time.

In order to improve the reception performance of low complexity UEs with single receive antennas and reduced receive bandwidth, especially in enhanced coverage, frequency hopping should be considered for all physical channels associated with data transmission (EPDCCH, PDSCH, PUSCH, PUCCH). Furthermore, it is likely that a higher DMRS density will be beneficial for the data channels (PDSCH, PUSCH) when these channels are operated with large bundle size at very low SNR.

Observations:

· The minimum uplink resource granularity needs to be defined before the details of the resource allocation are worked out.
· Frequency hopping is likely to be very beneficial from performance point of view for all physical channels associated with data transmission.
· Higher DMRS density may be beneficial from performance point of view for the data channels.

We plan to investigate these aspects till the next meeting.

3 Conclusions

Proposals:

1. Adopt the following Rel-12 agreements with the exception that (E)PDCCH is replaced with EPDCCH in all occurrences:
a. After the initial random access procedure, for a physical channel using repetition, the repetition level is up to network.
b. For UEs in enhanced coverage mode for MTC,
i. For UE-specific search space, 
1. (E)PDCCH to schedule PDSCH is supported.
2. Repetition of (E)PDCCH with multiple levels is supported. 
3. From the UE perspective, the possible starting sub-frames of (E)PDCCH repetitions are limited to a subset of sub-frames. 
c. For UEs in enhanced coverage mode for MTC,
i. Repetition of PDSCH across multiple sub-frames is supported.

ii. Multiple repetition levels in time domain are specified.

d. For UEs in enhanced coverage mode for MTC,
i. Repetition of PUSCH across multiple sub-frames is supported.

ii. Multiple repetition levels in time domain are specified.

e. For UEs in enhanced coverage mode for MTC, if/when PDSCH is indicated via (E)PDCCH,

i. The relation of PDSCH timing to (E)PDCCH timing shall be known to UE and shall not be configurable by higher layer parameter dedicated only for this purpose and shall not be indicated by (E)PDCCH. FFS on how to derive it or fixed by spec.

ii. Assigned PDSCH is transmitted not before end of (E)PDCCH, i.e., if subframe n is the last (E)PDCCH repetition then PDSCH start n + k (k > 0)
f. At least for unicast traffic,

i. UE shall monitor more than one (E)PDCCH decoding candidate. 
ii. FFS whether or not UE shall monitor multiple total aggregated resources of (E)PDCCH decoding candidates 

iii. The UE shall use the same (E)PDCCH decoding candidate m with an aggregation level defined for each subframe within the repetition window.
2. ACK/NACK/SR on PUCCH is supported.

3. Support of CSI on PUCCH is FFS.

4. For bandwidth reduced and/or coverage enhanced UEs, all EPDCCH subframes are transmitted before the associated PDSCH subframes.

Observations:

1. The minimum uplink resource granularity needs to be defined before the details of the resource allocation are worked out.

2. Frequency hopping is likely to be very beneficial from performance point of view for all physical channels associated with data transmission.

3. Higher DMRS density may be beneficial from performance point of view for the data channels.
We plan to investigate these aspects till the next meeting.
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