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1 Introduction

During RAN #65 meeting, “New WI proposal: Further LTE Physical Layer Enhancements for MTC” ([1]) was approved.   One objective of this work item is to target a relative LTE coverage improvement – corresponding to 15 dB for FDD – for the UE category/type defined above and other UEs operating delay tolerant MTC applications with respect to their respective nominal coverage:
· The following techniques (which shall be applicable for both FDD and TDD) can be considered to achieve this:

· Subframe bundling techniques with HARQ for physical data channels (PDSCH, PUSCH)

· Elimination of use of control channels (e.g. PCFICH, PDCCH)

· Repetition techniques for control channels (e.g. PBCH, PRACH, (E)PDCCH)

· Either elimination or repetition techniques (e.g. PBCH, PHICH, PUCCH)

· Uplink PSD boosting with smaller granularity than 1 PRB

· Resource allocation using EPDCCH with cross-subframe scheduling and repetition (EPDCCH-less operation can also be considered)

· New physical channel formats with repetition for SIB/RAR/Paging

· A new SIB for bandwidth reduced and/or coverage enhanced UEs

· Increased reference symbol density and frequency hopping techniques

· Relaxed “probability of missed detection” for PRACH and initial UE system acquisition time for PSS/SSS/PBCH/SIBs can be considered as long as the UE power consumption impact can be kept on a reasonable level.

· The amount of coverage enhancement should be configurable per cell and/or per UE and/or per channel and/or group of channels. Relevant UE measurements and reporting to support this functionality should be defined.

· When defining the detailed solutions for the above coverage enhancement techniques, the work should strive to minimize divergence of solutions between the new UE category/type and other UEs. One possible approach is to require a ‘normal complexity UE’ configured with the coverage enhancement techniques to mimic some of the behaviors of a Rel-13 low complexity UE configured with the coverage enhancement techniques.

· The work with the physical layer control signalling (e.g. EPDCCH) and higher layer control signalling (e.g. SIB, RAR and Paging messages) should aim for a high level of commonality between the solutions for the new Rel-13 low complexity UEs and the solutions for coverage enhanced UEs.

The agreements and working assumptions made during the initial work of the corresponding Rel-12 work item should be used as a starting point when applicable.
Some details of coverage improvement and power consumption analysis for physical data channels and associated physical control channels are discussed in this contribution.
2  PDSCH/PUSCH

2.1 Repetition/TTI bundling for PDSCH/PUSCH
In RAN1 #75 meeting, agreements on PDSCH/PUSCH were achieved as below:
“Agreements:
· 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.
· 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)
For PDSCH/PUSCH coverage enhancement, “Repetition of PDSCH/PUSCH across multiple sub-frames”, “multiple repetition levels in time domain”, and “Assigned PDSCH is transmitted not before end of (E)PDCCH” should be taken as the baseline. Further detailed studies are needed on the number of multiple repetition levels and adjustment mechanism. The relation of PDSCH timing to EPDCCH timing should be configured correctly and the interval value k should be fixed. Synchronous HARQ of PUSCH and relation of PUSCH timing to EPDCCH timing should be considered combined with solution of PHICH coverage enhancement [2]. 
Proposal 1: Coverage enhancement of traffic channels in Rel-13 should take repetition/TTI bundling as the baseline, and focus  on the specific design  which at least includes confirming the details of multiple repetition levels, relation of PDSCH/PUSCH timing to EPDCCH timing etc.

2.2 Considerations on reduction of power consumption 
Besides coverage enhancement for MTC UEs, methods of reduction of power consumption or repetition times should be considered. Reduced TBS with shortened CRC can reduce the repetition times for PDSCH/PUSCH since MTC may be small packets traffic. Frequency hopping and increased reference symbol density may reduce the repetition times for PDSCH/PUSCH. Shorten CRC used for PDSCH/PUSCH may have small specification impact. For frequency hopping, evaluation may be needed to confirm whether the gain is obvious, and the impact to other channels should also be considered in reduced bandwidth scenario. Increased reference symbol density needs further consideration on the potential gains, performance impact caused by additional recourse occupation, and the interference problem.
Some implement method such as PSD boosting and RS power boosting may improve coverage performance for PDSCH.
Proposal 2: Frequency hopping and reduced TBS with shorten CRC  can be further considered for PDSCH/PUSCH to reduce power consumption or repetition times. 
3 (E)PDCCH
3.1 Repetition for (E)PDCCH
For coverage enhancement in Rel-13, MTC UEs with bandwidth reduction can’t use legacy PDCCH. Other UEs can use both PDCCH and EPDCCH. On consideration of unified design for coverage enhancement and minimum impact on legacy UEs, EPDCCH should be used as the downlink control channel for all categories/types UEs in coverage enhanced mode.
In RAN1 #75 and #76meeting, agreements on (E)PDCCH were achieved as below:

RAN1 #75 “Agreements:
      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.  ”
RAN1 #76 “Agreements:
      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 

· This is for illustration only:

· A Total Aggregated Resource (TAR) can be defined for a decoding candidate such that the TAR is given by Sum (ai) where i = 0…T-1, where T is repetition number and ai is the amount of resources in subframe i.  It is FFS whether ai is the same or different in different subframes.

· Whether or not multiple TARs are monitored by a UE is FFS.
· The UE shall use the same (E)PDCCH decoding candidate m with an aggregation level defined for each subframe within the repetition window.

· FFS whether or not the option of UE monitoring only a single aggregation level with a single repetition is excluded.
· FFS whether to use the current hashing function, or a new method, to determine the starting location of unicast search space at each subframe within the repetition window. This depends on collision probability between UEs in coverage enhancement mode and normal UEs in a cell.
· Study tradeoff and performance of the following options:

· Option 1: single (E)CCE aggregation level and multiple repetition levels

· Option 2: multiple (E)CCE aggregation levels and single repetition level

· Option 3: multiple (E)CCE aggregation levels and multiple repetition levels

· Examples of the options can be found in R1-141030
Above Rel-12 agreements on coverage enhancement of downlink control channel is applicable for both PDCCH and EPDCCH. In Rel-13, it is recommended to confirm the Rel-12 agreements on repetition of EPDCCH first at least including “For UE-specific search space, EPDCCH to schedule PDSCH is supported”, “Repetition of EPDCCH with multiple levels is supported” and “the possible starting sub-frames of EPDCCH repetitions are limited to a subset of sub-frames from the UE perspective”, “UE shall monitor more than one EPDCCH decoding candidate”, and “The UE shall use the same EPDCCH decoding candidate m with an aggregation level defined for each subframe within the repetition window”. 
For UE-specific search space, repetition should be considered as the baseline. Further studies are needed including the number of multiple repetition levels and adjustment mechanism, whether or not UE shall monitor multiple total aggregated resources of (E)PDCCH which may contain single or multiple ECCE aggregation levels with single or multiple repetition levels, and the detailed design of the possible starting sub-frames of EPDCCH repetition, etc.
Proposal 3: At least for UE-specific search space, EPDCCH repetition should be taken as the baseline to enhance coverage. 
In coverage enhancement scenario, common messages can either be scheduled by downlink control channel or transmitted by control-less mode with repetition.  EPDCCH or new control channel (narrowband PDCCH or CRS based EPDCCH) may be the possible methods to schedule the common messages. ECSS definition is required if EPDCCH is used for scheduling the common messages. Common messages such like SIB, RAR or Paging can also be transmitted by control-less method.  The MTC UEs will blindly detect the common messages transmitted by control-less mode. Control-less mode is beneficial for improving the system efficiency when bandwidth reduction is adopted as the key cost saving method for MTC UEs.
Proposal 4: Considering system complexity and efficiency, common messages transmitted by control-less mode can be used for coverage enhancement.
3.2 Considerations on reduction of power consumption
Besides coverage enhancement for MTC UEs, methods of reduction of power consumption or repetition times should be considered. Compact DCI with shorten CRC can reduce the repetition times for EPDCCH. Frequency hopping may reduce the repetition times for EPDCCH. CRS based EPDCCH may reduce the repetition times in bandwidth reduction scenario. Compact DCI with shorten CRC used for EPDCCH may have large specification impact. Evaluation may be needed to confirm whether the gain of frequency hopping is obvious, and the impacts to other channels should also be considered in reduced bandwidth scenario. CRS based EPDCCH also need some specification changes.
Proposal 5: Compact DCI with shorten CRC, frequency hopping and CRS based EPDCCH can be further considered for EPDCCH to reduce power consumption or repetition times. 
4 PUCCH
4.1 Repetition for PUCCH
In RAN1 #75 meeting, agreements on PUCCH were achieved as below:

“Working assumption:

· 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).
For MTC UEs with coverage improvement requirement, the CSI feedback functionality of PUCCH is not necessary since RI has fixed value 1 and CSI is not important for MTC UEs under extreme coverage scenarios. In order to support DL HARQ efficiently and guarantee corresponding HARQ-ACK coverage, HARQ-ACK on PUCCH should always be supported. Therefore, the signaling used to enable/disable HARQ-ACK on PUCCH will not be needed, i.e., HARQ-ACK on PUCCH will not need to be configured. Since UCI carried in PUCCH would only include SR and HARQ-ACK, format 1a would be enough.  Elimination of PUCCH should not be acceptable and repetition should be as baseline for PUCCH coverage enhancement since less repetition times is needed for PUCCH compared with other channels to achieve the same coverage enhancement target.
Proposal 6: Repetition should be  the baseline for PUCCH coverage enhancement. HARQ-ACK on PUCCH should always be supported.
4.2 Other considerations 
If repetition is applicable for PUCCH, then some other issue need to be studied in Rel-13. Since bandwidth reduction is a feature of MTC UE in Rel-13, the resource occupied by PUCCH in narrowband should be studied. When repetition is applied, there may be PUCCH collisions between coverage improvement MTC UEs and legacy LTE UEs without coverage improvement requirement. Repetition for PUCCH may have impacts on PUSCH repetition especially in bandwidth reduction scenario [3]. 
Besides coverage enhancement for MTC UE, methods of reduction of power consumption or repetition times should be considered. Such as narrowband hopping, it may reduce the repetition times for PUCCH. 
Proposal 7: Narrowband hopping can be further considered for PUCCH to reduce power consumption or repetition times.
5 Conclusions
Coverage improvement solutions for data and control channels are discussed in this contribution.  We propose the following:
Proposal 1: Coverage enhancement of traffic channels in Rel-13 should take repetition/TTI bundling as the baseline, and focus on the specific design which at least includes confirming the details of multiple repetition levels and relation of PDSCH/PUSCH timing to EPDCCH timing.
Proposal 2: Frequency hopping and reduced TBS with shortened CRC   can be further considered for PDSCH/PUSCH to reduce power consumption or repetition times.
Proposal 3: At least for UE-specific search space, EPDCCH repetition should be taken as baseline to enhance coverage and further completed in details.
Proposal 4: Considering system complexity and efficiency, common messages transmitted by control-less mode can be used for coverage enhancement.
Proposal 5: Compact DCI with shortened CRC, frequency hopping and CRS based EPDCCH can be further considered for EPDCCH to reduce power consumption or repetition times.
Proposal 6: Repetition should be  the baseline for PUCCH coverage enhancement. HARQ-ACK on PUCCH should always be supported.
Proposal 7: Narrowband hopping can be further considered for PUCCH to reduce power consumption or repetition times.
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