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Discussion
1
Introduction

In RANP#57, the Low-cost UE SI was revised to investigate feasibility and techniques for a potential 20 dB improvement in coverage when compared to the LTE cell coverage footprint as engineered for “normal” LTE UE’s. 
Coverage extension for Low-cost UE’s is considered for low rate traffic in the DL and UL. Typical assumed message sizes are of the order of DL 20 bytes and UL 100 bytes. Allowable data transmission latencies are in the order of up to 10 seconds in the DL and up to 1 hour in the UL [2].
In this contribution we discuss several techniques on individual UL channels to achieve significantly extended coverage for low-rate data transmissions and their associated implementation and specification impacts.

2
General design considerations
Some common schemes can be used for coverage improvement, such as repetition, TTL bundling, smaller packets transmission and lower code rate. There are other system level solution, e.g. COMP, ICIC/eICIC, Relay,as the description of all these feature are already detailed in 3GPP, we would discuss if the specific schemes can be used for UL channels for low cost MTC, and the impacts on specification and implementation. 
3
Extending PUSCH coverage
3.1 Repetition 

By repeating the TB multiple times using the same RV can improve the cell coverage. During the repetition period, it does not depend on the HARQ feedback, so it can reduce the control channel usage and the latency. Considering the MTC traffic generally occurs in lower traffic load and it requires relaxed requirement on latency, the repetition times may reach many times, for example 32 times of repetition achieves gain of 10-12dB.

The repetition method have impact on RAN1 specification, as no HARQ feedback. And if repetition times is large than 28 which is the highest repetition times in RRC protocol in R11, RAN2 is also impacted.
3.2
Increasing the RLC segmentation level
By segmenting the MTC traffic packets into smaller packets, it would be effective for coverage improvements , As concurrent HARQ process and lower MCS are used for transmission. While each RLC PDU incurs 8 bytes overheader.

It is suggested for RAN2 to consider if the RLC/MAC header and CRC bits could be simplified.
3.3 Using TTI bundling
TTI bundling are involved to enhance VOIP coverage in R8, it also can be used for MTC, considering the relaxed requirements for MTC, the bundle size may extend from current 4 to more large value.

For the specification modification of TTI bundling, it needs to design if the bundle size is fixed or flexible for implementation according to the channel condition, and the procedure for signalling the bundling size. So it would impact RAN1, or RAN2 if flexible bundle size is used. 
It is suggested to study further if all UL/DL configurations are applicable for TTI bundling. 
4
Extending PUCCH coverage
4.1 Repetition
Repeating UCI multiple contiguous subframes within fixed number of subframes, Currently only HARQ ACK/NACK supports repetition, if involving the repetition of other UCI, RAN1 and eNB/UE behavior would be impact.
4.2 PUCCH elimination
PUCCH carries UCI including HARQ ACK/NACK, CQI or SR, while it may not necessary for HARQ feedback for down link data, and CQI is not essential for eNB if fixed MCS is used , considering that HARQ and CQI can be omitted for low cost MTC, and SR can be transmitted via random access, the PUCCH may be eliminated for low cost MTC .

5. Extending PRACH coverage
5.1 Repetition

For PRACH, the repetition scheme can also be applied. However, the starting subframe, the number of repetition times, the dedicated PRACH resource for low cost MTC need to be designed and signaled. And the collision probability may be increased, because some PRACH resource are dedicated to MTC.

5.2 New PRACH format
Currently five PRACH formats are designed to satisfy different cell coverage with different length of CP and sequence. For MTC UE, new PRACH format with even longer sequence can be involved to extend the PRACH coverage. Based on the length of CP and GP, the cell coverage is defined.
In summary, the cell coverage improvement is at the cost of resources, more spectrum or more power. For the purpose of energy saving and improvements of the system performance, it needs to evaluate some specific requirements, such as the bundle size, the repetition times, and the number of RLC segments, etc..
6. Conclusions and Recommendations
Considering that the coverage enhancement for low cost MTC UE should have lower impacts on specification and flexible simple implementation. We have following proposals:
Proposal 1: There is no common solution for coverage improvement, schemes can be combined at extreme coverage scenarios. 
Proposal 2: Each channel can choose schemes respectively based on the MCL.  
Proposal 3: It is more flexible for eNB implementation to use different resource allocation if indentify the MTC UE from the normal UE by dedicated preambles or RRC protocol.
Proposal 4: It is suggested RAN2 consider if the RLC/MAC header and CRC bits could be simplified for smaller packets transmission. 
Proposal 5: Extended TTI bundling and Repetition are more efficient for coverage improvement.
Proposal 6: Fixed BPSK could be used for MTC, and new modulation and TBS index are needed. 

Proposal 7: Evaluating further some specific requirements, such as the bundle size, the repetition times, and the number of RLC segments
Proposal 8: Evaluating further if PUCCH could be eliminated for MTC.

Proposal 9: it is suggest to detail the coverage extending for PRACH, it may have more impact on specification. 
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