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1 Introduction

In RAN#60, the “Low Cost & Enhanced Coverage MTC UE” WI was approved [1].  In RAN1#75 we agreed the following on PDSCH [2]:
· 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, 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)
This contribution discusses some aspects of coverage enhanced (CE) mode operation for PDSCH.
2 Discussions
It was agreed that multiple repetition levels in the time domain are supported for PDSCH [2].  The repetition level is based on the coverage level which is not expected to change frequently given that CE-MTC UEs are assumed to be stationary.  Hence the repetition level can be semi-statically configured via RRC signalling, e.g. using Message 4 of the RACH process [3].  The number of levels can be made consistent with that used for PRACH, i.e. 3 levels.
Proposal 1: The PDSCH repetition level is semi-statically configured for each CE-MTC UE via RRC signalling.
Proposal 2: Three semi-statically configurable repetition levels are defined for PDSCH.
In the legacy system 32 MCS levels are supported for PDSCH, where CSI is one of the inputs used by the eNB in selecting the MCS.  CSI in CE mode is unavailable or not reliable and hence it is feasible to operate only with a single MCS.  In order to support different throughputs, with only a single MCS, the eNB would vary the number of PRBs.  Flexibility can be offered to the eNB scheduler if the eNB can also vary the number of repetitions in addition to the number of PRBs.  It is not expected that we need all 32 MCS levels in CE mode (it is highly unlikely that any but the lowest MCSs would be used in conjunction with repetition for coverage enhancement), and a reduced set of MCS (e.g. 4 levels) can be used.  Power boosting can be based on eNB implementation and the amount of power boosting can change the number of repetitions.  Hence it is beneficial that the number of PDSCH repetitions within each repetition level can changed dynamically (i.e. repetition sub-level).  The number of repetition for PDSCH in each repetition level can be indicated by the DCI in (E)PDCCH [4] or the UL grant in the RAR message [3] by using some MCS and/or power control bits.

Proposal 3: Support a reduced set of MCS (e.g. 4 MCS levels) for PDSCH when repetition is used.
Proposal 4: The number of repetitions for PDSCH in each repetition level can be indicated by the DCI in (E)PDCCH or the UL grant in the RAR message.
In RAN1#75, it was agreed that if the last (E)PDCCH repetition is in subframe n then the PDSCH repetition would start at subframe n+k (k>0).  For k > 1, there would be a gap between the repetitions of (E)PDCCH and those of PDSCH.  We cannot see any benefits of having such a gap and hence for simplicity, we prefer that there is no gap, i.e. k=1.

Proposal 5: If the last (E)PDCCH repetition is in subframe n, then the PDSCH repetition would start at subframe n+1.

3 Conclusion

In this contribution we discuss some considerations for PDSCH.  We propose:
Proposal 1: The PDSCH repetition level is semi-statically configured for each CE-MTC UE via RRC signalling.
Proposal 2: Three semi-statically configurable repetition levels are defined for PDSCH.
Proposal 3: Support a reduced set of MCS (e.g. 4 MCS levels) for PDSCH when repetition is used.
Proposal 4: The number of repetitions for PDSCH in each repetition level can be indicated by the DCI in (E)PDCCH or the UL grant in the RAR message.
Proposal 5: If the last (E)PDCCH repetition is in subframe n, then the PDSCH repetition would start at subframe n+1.

4 References
[1]
RP-130848, “New WI: Low cost & enhanced coverage MTC UE for LTE,” Vodafone, RAN#60
[2]
R1-140001, “Draft Report of 3GPP TSG RAN WG1 #75 v0.2.0,” MCC Support, RAN1#76

[3]
R1-140153, “Coverage enhancement for RACH messages,” Alcatel-Lucent, Alcatel-Lucent Shanghai Bell, RAN1#76

[4]
R1-140154, “Coverage enhancement for (E)PDCCH,” Alcatel-Lucent, Alcatel-Lucent Shanghai Bell, RAN1#76
