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1 Introduction
One of the objectives of the Rel-12 work item on “Low cost & enhanced coverage MTC UE for LTE” [1] is to specify coverage improvements corresponding to 15 dB for FDD. The specified coverage improvement techniques should also be applicable for TDD.

In contribution [2] we discuss the required link budget improvement for each physical signal/channel in FDD. For PDCCH with DCI format 1A, the required improvement is found to be around 13.6 dB (assuming 4 dB losses from single Rx) for the new low-complexity UE type with a single receive antenna and 9.6 dB for other LTE UEs. Using the assumption that the PDCCH common search space needs to be received by all UE types, a 13.6 dB coverage improvement on PDCCH (assuming a payload corresponding to DCI format 1A) needs to be the design target.
In this contribution we discuss DCI content to achieve the needed coverage enhancements for downlink control signalling. 
2 Discussion on DCI coverage
In this section we discuss the possibility to extend the coverage of DCI messages. We keep the discussion general at this point and do not make an assumption on whether EPDCCH or PDCCH is the physical channel used for the transmission. A few possibilities are then available:
· Reduce the amount of DCI information

· Relax the required error rate

· Increase the amount of resources, either

· Physical resources (e.g. in time, across subframes)
· Transmission power (power resources)
2.1 Reduced DCI size

The link budget calculations made during the study item [3] assumed a bandwidth of 10 MHz. For this bandwidth a format 1A DCI constitutes 43 bits including CRC. Format 1A gives scheduling flexibility in modulation and coding, HARQ process mapping and other things that may not be needed for a device in bad coverage, so with optimizations a few bits could probably be removed. If and what bits that can be removed depends on the design of the uplink and downlink data channels. Reduction of payload bits implies definition of a new DCI format and thus comes at the cost in complexity of supporting additional DCI formats and loss of flexibility in scheduling. For instance, a restriction in resource allocation should be clearly motivated to not unnecessarily put restrictions on the scheduling flexibility.  

An additional way to reduce the message size is to reduce the CRC size. This could be motivated if the search space is significantly reduced such that false detection rate does not go up significantly. With significantly larger aggregation levels the number of blind decodes per subframe may very well decrease just due to lack of potential resources. It should be noted that if message sizes are reduced this may also bring an increase in the false detection probability. False detection has a negative impact on UE power consumption and may increase the overall interference in the system. Reducing the search space also reduces the flexibility of scheduling which may increase overhead, power consumption and latency. 
Observation:
· Reduced CRC size can only be motivated if a smaller search space is defined.
Broadcast information such as SI-message scheduling can be conveyed using DCI format 1C which has been payload optimized, e.g. for 10 MHz this result in only 27 bits. This gives some guidance on how much a DCI can be reduced with maintained flexibility.  We have conducted link simulations to assess the gains that can be achieved with reduced DCI payload. 
In Figure 1, EPDCCH aggregation level (AL) 32 results are given for DCI payload of 27 and 43 bits (including CRC) with and without subframe interpolation. The EPDCCH was configured with 4 PRB pairs one edge of the system bandwidth and 4 PRB pairs on the other edge. The channel was EPA with 1Hz Doppler and 20 Hz frequency error. 

The BLER at -14 dB SNR is plotted versus the number of repetitions. It is observed at 1% BLER that inter subframe channel estimation can reduce the number of repetitions by approximately 40% and that R=448 is the total number of required ECCE to reach 1% BLER at -14 dB SNR . 

Reducing the payload to 27 bit from 43 bits gives a reduction in the number of repetitions of about 33% when subframe interpolation is used and 38% without. 
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Figure 1 EPDCCH BLER at -14 dB SNR with AL=32, N=8 PRB pairs and a DCI payload of 27 or 43 bits Channel interpolation is performed across adjacent RBs in the same subframe. 
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Figure 2 EPDCCH BLER as a function of SNR for a 27 bit payload. AL=32 and N=8 PRB pairs split 4+4 at band edges. With subframe interpolation (solid) and without (dashed)
In Figure 2, the BLER is shown for the 27 bit payload cases. Subframe interpolation gives about 2 dB SNR gain compared to no interpolation. 
Hence, this payload reduction could represent using DCI format 1C instead of 1A. Format 1C has a limited maximum TBS size of 2216 bits, this TBS size may be sufficient for operation in enhanced coverage mode however the format lacks an indication between uplink and downlink and NDI. 
Translating the SNR gain into repetitions, there is a significant reduction in the required number, having impact on latency and also reducing impact on blocking of scheduling of legacy UEs if PDCCH is used.

We thus believe it is worthwhile to introduce a reduced payload DCI format 1E and thus make the following proposal: 
Proposal:
· Introduce support for PDSCH and PUSCH scheduling with DCI format 1E and 0E respectively, where the payload is smaller than for format 1A
· Allow the UE to perform subframe interpolation between repetition subframes
2.2 Relaxed error probabilities 
An “artificial” way of improving a link budget calculation is to change the assumed required quality. For PDCCH the assumption has been that an error rate of 1% should be achieved. Of course it is possible to operate a system with a higher error rate on the scheduling control channel with a higher number of missed assignments as a result. If the error rate assumption was changed to 10%, the link budget would improve with 2-3 dB. Of course a higher error rate would also result in a higher overhead, not only on the control channel but also on the data channel due to retransmissions. A suitable error rate target must consider latency and overhead, also taking the ratio between data channel and control channel into account. It is hence not directly obvious that a relaxed error target will reduce the resource consumption.
Observation:
· Resource consumption for different target error rate depends on the needed control channel resources and the size of the granted resource. 
3 Conclusions

In this contribution we discussed the DCI coverage and showed simulation results with a positive effect of reducing the DCI payload size. Hence we make the following proposal:
Proposal:
· Introduce support for PDSCH and PUSCH scheduling with DCI format 1E and 0E respectively, where the payload is smaller than for format 1A and 0 respectively
· Allow the UE to perform subframe interpolation between repetition subframes
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