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1 Introduction

For MTC UEs, techniques to enhance coverage by 15 dB are targeted per the WI objective [1].  This document discusses enhanced coverage for Data Channels.

2 Discussion

Repetition is a common solution that is applicable for enhancing coverage of uplink and downlink channels. For PDSCH, enhanced coverage can be achieved by using a repetition factor of ~100 and using CRS PSD boosting [2][3]. Repetition can specified for PDSCH by reusing the TTI bundling principle defined for uplink. 

Enhanced coverage for MTC applications is specified for two types of UEs – low-complexity UEs (as defined by the new MTC UE category with restricted capabilities) and for normal/ordinary LTE UEs (i.e. Category 1-8) – operating delay tolerant MTC applications. 

Since the normal LTE UEs (i.e. UE categories 1-8) are already capable of receiving SIB/Paging/RAR along with DL data in a given subframe, such a capability should be maintained even when such UEs are operating in enhanced coverage mode for delay-tolerant MTC applications. 

Proposal: For normal//ordinary LTE UEs (i.e. UE categories 1-8) requiring enhanced coverage and operating delay tolerant MTC application, it should be possible to receive SIB/Paging/RAR with DL data in given DL subframe, i.e., no change to Rel-11 behaviour.  
For low-complexity MTC UEs (LC-MTC UE) requiring enhanced coverage, the DL peak rate supported in a subframe is limited to 1Mbps (corresponding to 1000 bits of TBS). However, the maximum TBS for a SIB/Paging/RAR can be as large as 2216 bits. Mandating simultaneous reception of SIB/Paging/RAR along with DL data can then increase the decoding complexity for LC-MTC UE.
 If such an increase in decoding complexity is not desirable, one of the following options can be considered: 

· the constraint of “maximum number of transport block bits in a TTI” (specified in TS 36.306) applies to all PDSCH transport blocks received by the LC-MTC UE in a subframe, 

· the LC-MTC UE is expected to receive a maximum of one DL transport block per TTI.
Since the first constraint is more relaxed than the second one, we propose the following. 

Proposal: For low-complexity MTC UEs requiring enhanced coverage, it should be possible to receive concurrent transmission of SIB/Paging/RAR and DL data in a given subframe, subject to the constraint of “maximum number of transport block bits in a TTI” limit as defined by the corresponding UE category. 
A companion paper discusses enhanced coverage for DL control channel [4] using the principle of repetition, requiring transmission of a DCI across multiple subframes, which could be several multiples of radio frames. In such a scenario, it makes sense to start the PDSCH bundle transmission close to when the corresponding DL DCI transmission is completed. For example, if the DL DCI transmission ends in subframe n, the PDSCH bundle transmission can begin in the subframe n/n+1 or in the next radio frame. Varying levels of enhanced coverage can be obtained by adapting MCS/RA/bundle size for the bundled transmission, signalled via higher-layers or via DCI. As described in [4], it should be possible to carry DL control information using PDSCH resources of a subframe rather than defining a separate PDCCH enhancement. 

3 Conclusions

We propose the following for enhanced coverage of DL data channel:

For normal/ordinary LTE UEs (i.e. UE categories 1-8) requiring enhanced coverage and operating delay tolerant MTC application, it should be possible to receive SIB/Paging/RAR with DL data in given DL subframe, i.e., no change to Rel-11 behaviour.  
For low-complexity MTC UEs requiring enhanced coverage, it should be possible to receive concurrent transmission of SIB/Paging/RAR and DL data in a given subframe, subject to the constraint of “maximum number of transport block bits in a TTI” limit as defined by the corresponding UE category. 
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� If such a decoding complexity increase is to be considered, then other design options are much more attractive – increase “maximum number of transport block bits in a TTI” for the new low-complexity UE category to a higher value e.g. 3216 (1000 + 2216) and relax restriction of 6 PRBs for DL data in a subframe. 






