
3GPP TSG RAN WG1 #74bis
        

              R1-134165
Guangzhou, China, October 7-11, 2013
Agenda item:
7.2.2.2.4
Source: 
Samsung 

Title: 



    (E)PDCCH Coverage Enhancements for MTC UEs
Document for:
Discussion and Decision
1 Introduction

In the Work Item (WI) on MTC UEs [1], for the coverage enhancement target, there are two aspects that have the largest impact: the use of 1 Rx antenna and the target for a 15 dB coverage enhancement (for FDD). In 3GPP RAN WG1 #74, it is further agreed that the maximum number of supported layers for downlink and uplink is 1 for low cost MTC UEs.
In LTE, (E)PDCCH is needed for scheduling system information and PDSCH/PUSCH to UEs. This contribution considers coverage enhancement aspects for (E)PDCCH and the impact of the above WI specifications on the necessity and applicability of techniques identified during the SI phase for coverage enhancements.

2 Coverage Enhancements for (E)PDCCH
In [2], the MCL calculation for FDD for PDCCH with DCI format 1A is146.1dB for an MTC UE with 2 Rx antennas. For an MTC UE with 1 Rx antenna, the MCL of DL channels is assumed to decrease by 4 dB and a reduction in the target coverage enhancement from 20 dB to 15 dB then allows 1 dB gain for the DL channels. Thus, for an MTC UE with 1Rx antenna, the resulting MCL calculation for FDD for PDCCH with DCI format 1A is 142.1dB.
Coverage enhancements on (E)PDCCH have a multiplicative effect on the latency associated with a PDSCH/PUSCH reception. Therefore, use of PDCCH should be avoided whenever possible (e.g. not use PDCCH for SIB scheduling or for the initial random access process or rely on SPS). Use of PDCCH can be avoided for some applications (e.g. a metering device transmits/receives at predetermined subframes – SPS reporting instead of triggered reporting). Further, with the exception of the resource allocation field, none of the other fields of a legacy DCI format (i.e. DCI 0/1A) is necessary for PDSCH/PUSCH transmissions to/from coverage limited MTC UEs (e.g. no need for IR at the lowest MCS, no need for multiple HARQ processes, etc.). However, the DL/UL resource allocation can be provided as part of the contention resolution message of the random access process and can be subsequently adjusted by higher layer signaling. 
Although the use of (E)PDCCH seems avoidable in many cases, an operation without any dynamic scheduling may be undesirable primarily due to associated scheduling restrictions and resource waste that can occur if there is no data to be transmitted to a UE. However, a conclusion can only be reached after the resource requirements for (E)PDCCH repetitions, the associated latency for PDSCH/PUSCH transmissions, and the impact on specifications and UE complexity are fully determined. In case (E)PDCCH is supported, repetitions should preferably use same CCEs in different subframes to enable simple implementation for the MTC UE receiver. Moreover, a starting subframe for (E)PDCCH repetitions should be defined in order for an MTC UE to know when to begin accumulations of received CCEs. 
Although EPDCCH can in principle provide better coverage than PDCCH due to the availability of more OFDM symbols, this coverage gain may be partially or completely negated by the 3+ dB worse BLER of EPDCCH particularly for sets with a small number of PRB pairs (e.g. 2) where both channel estimation and lack of sufficient frequency diversity contribute to worse BLER (in addition to worse Tx diversity) and the worse frequency/Tx diversity will be further magnified due to 1 Rx antenna. Therefore, use of EPDCCH is likely to result to larger overhead without improving coverage.
An alternative for dynamically scheduled PDSCH is to introduce a search space for different TBS similar to the search space for PDCCH for different CCE aggregation levels [5]. This will eliminate PDCCH overhead and associated latency for PDSCH scheduling. However, it will also increase specification and implementation complexity, is a significant design departure from the one for conventional UEs, and does not address PUSCH dynamic scheduling that is expected to be more common than PDSCH dynamic scheduling for MTC UEs in general.
Every technique that leads to improved spectral efficiency and UE power consumption, reduced latency, and improved coverage without having a material impact on an MTC UE implementation complexity should be considered for PDCCH coverage enhancement, especially since PDCCH is the coverage limiting channel, and pure repetitions will directly degrade spectral efficiency, latency, and UE power consumption. In addition, when multiple subframes are required for a reception of an (E)PDCCH, the system design deviates from the normal LTE one where a fixed timing relationship exists between (E)PDCCH transmission and PDSCH/PUSCH transmission. Particularly for TDD systems, the impact can be substantial and the resulting UE implementation/testing can become considerably more complex. Therefore, in addition to repetitions which are unavoidable, the following should also be supported:
a) Compact DCI format or DCI format performing MTC UE-group scheduling (~1 dB gain and large spectral efficiency gains for MTC UE-group scheduling) 
·    Larger gains can be achieved if CRC is also reduced but for coverage limited MTC UEs this will also increase the false CRC check probability. For example, an 8-bit reduction in the CRC length will increase the false CRC check probability by a factor of 256 and even if the number of blond decodings relative to legacy UEs is reduced by a factor of 4, a 64x increase in false CRC check probability will remain. Nevertheless, the possibility to reduce the CRC length should be further considered while also assessing possible additional impacts (other than just using an 8-bit CRC) on specifications and UE complexity.
b) Support of increased CCE aggregation levels as for EPDCCH (3-6 dB gains but it is not possible for all bandwidths to support aggregation levels of 16-32 CCEs) – nevertheless, a higher aggregation level is generally preferable to PSD boosting 
c) CRS boosting (~1 dB gain – CRS boosting is beneficial for all DL channels) 
For 5 dB combined gain from the above techniques, PDCCH repetitions will need to provide coverage gains of about 8.6 dB. 
Proposal: All techniques available for improving PDCCH coverage should be considered as they can have a meaningful impact on improving spectral efficiency, latency, and UE power consumption.  
3 Conclusions

This contribution considers coverage enhancements for (E)PDCCH for MTC UEs and proposes the following: 
Proposal: All techniques available for improving PDCCH coverage should be considered as they can have a meaningful impact on improving spectral efficiency, latency, and UE power consumption.  
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