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1 Introduction
At RAN1#81, the support for M-PDCCH aggregation levels with different repetition levels was discussed, with the following agreements:

Agreement:

· For an M-PDCCH candidate with {L, R}

· L: ECCE aggregation level, R: number of repetitions

· The L is the same within R subframes

· The ECCE indices are same within R subframes

· For an M-PDCCH UE-specific search space

· Multiple M-PDCCH candidates with the same {L, R} can be configured. 

· M-PDCCH candidates with different R can be configured for enhanced coverage.

There was online discussion whether any ALs other than 24 should be supported when repetitions (R>1) are used. In this paper, we argue that there should not be any restriction to AL24 for UEs operating CE.
2 Discussion
2.1 Blocking of non-MTC UEs

It is recognized in the WID that supporting FDM of the Rel-13 MTC UEs with non-MTC UEs is important, so that operators can make efficient use of spectrum while serving MTC devices which can have infrequent and possibly irregular traffic patterns, as well as widely differing coverage enhancement needs within one cell. This principle needs to be respected in designing M-PDCCH also.

If only L=24 were supported for R>1, then even the least amount of CE would block the entire of any MTC narrowband to non-MTC UEs. It is likely that there will be more than one narrowband for MTC, e.g. one for common messages and at least one for unicast messages, so this would result in total blockage of any unicast band for which a single MTC UE needed even the smallest amount of repetition for M-PDCCH.
Although the power consumption of the MTC UE is important, it will be handled as part of the balance between message latency and UE active time that the eNB scheduler decides. There would be no motivation for the scheduler to unnecessarily extend an MTC UE’s active time if it can complete the transmission more quickly. However, the eNB has a view of the whole cell, and the ability to reach the best overall decision considering all the UEs, and their different traffic types.
Since the start of the study phase for MTC, the understanding has been that we are designing for a few UEs operating CE, that can be handled at a quiet time when non-MTC UEs are not transmitting heavily. Therefore, we should not make a system which gives such high priority to MTC UEs over non-MTC UEs as would be implied by AL=24 for all R>1.
2.2 Blocking of non-CE MTC UEs

The population of MTC devices within a cell is likely to be heterogeneous among UEs that are essentially non-mobile and fixed in long-term deep coverage; those with some mobility where the coverage enhancement requirement varies over time; and those that need no coverage enhancement, whether or not mobile. This reflects the wide range of MTC applications that have been indentified for the future, especially as the IoT market expands.
If only L=24 is supported during M-PDCCH repetition, then UEs not requiring CE are completely blocked from being scheduling during the repetition time of any R>1 M-PDCCH. It may be possible for eNB to schedule such UEs with a mixture of low aggregation levels, and therefore have good multiplexing capability within a subframe, but the (sole) repetition UE will block any such possibility. It would be possible to create an additional narrowband for UEs not requiring CE, but this would further restrict the scheduling of non-MTC UEs if done on an OAM basis, and if done dynamically/semi-statically, there would be retuning losses for the MTC UEs with no clear benefit for those UEs. Supporting L<24 allows that when the MTC traffic in a cell increases, the eNB is able to adapt to the load to try to serve the traffic of MTC UEs not needing CE quickly, and then dedicate its M-PDCCH resources to repetition UEs sooner, whilst still being able to serve some repetition UEs in the meantime.
2.3 DL/UL grant restriction

M-PDCCH will be used to send UL grants to MTC UEs. If a repeated M-PDCCH always took the whole 6 PRB narrowband, then there would be some UL subframes which could not be utilized, in the case an UL transmission finished before a DL transmission. Instead, the eNB should use AL<24 for a repeated M-PDCCH transmission when it knows there would be such un-schedulable UL subframes. Once the UL resources have been allocated, a subsequent M-PDCCH transmission can be at L=24 if possible.
2.4 PSD-boosting and frequency domain ICIC alternatives
To reduce MTC UE active time, there are alternatives to fixing M-PDCCH to the maximum AL. For example, PSD boosting has been analyzed for MTC in several contexts, and shown to reduce the number of repetitions needed to reach a given MCL. TR36.888 notes a few potential specification impacts, mostly related to RAN4, but the design of M-PDCCH being based on EPDCCH and DM-RS lends itself to such techniques. PSD boosting within current limits set by RAN4 would still reduce UE active time, and be transparent to the UE, with no specification impacts.
Frequency domain ICIC is also readily applicable to MTC systems due to the 6 PRB limitation. Operators can plan adjacent cells to permanently avoid or reduce intercell interference, or Rel-8 ICIC can be used to adjust neighboring cells configurations at an appropriate timescale. The reduction of interference will reduce the number of repetitions needed for cell-edge MTC UEs, and hence their active time.
Essentially, fixing M-PDCCH at all times to the highest AL is not necessary, since existing tools can be combined with repetition by operators and eNBs, when the use of a lower AL with repetition offers system level advantages. In summary, we make the following proposal:

Proposal: For M-PDCCH configured with R>1, the choice of L is up to eNB from L= {1,2,4,8,16,24}.

3 Conclusions
In this paper we argue that there should not be a restriction to M-PDCCH having only AL 24 during repetition transmission. We understand that current RAN1 agreements anyway imply this, but there are also system level advantages to having more eNB choices of AL, and using AL 24 is in no way precluded by also allowing others. Existing tools such as PSD boosting and ICIC can also be used to improve the operating condition of an M-PDCCH transmission, and thus reduce the UE’s active time when eNB can achieve system level advantages by using AL less than 24.
Proposal: For M-PDCCH configured with R>1, the choice of L is up to eNB from L= {1,2,4,8,16,24}.

























































