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1. Introduction
The new WI “low cost & enhanced coverage MTC UE for LTE” was approved in RAN#60 in [1] following the completion of the study item. The objectives regarding coverage improvement are as follows:
· Provide a relative LTE coverage improvement – corresponding to 15dB for FDD – for the UE category/type defined above and other UEs operating delay tolerant MTC applications with respect to their respective nominal coverage. 

· Specify the following techniques (which shall be applicable for both FDD and TDD) to achieve this:

· Simplification of PHICH and PCFICH functionality or alternative mechanism to PHICH and PCFICH functionality so that coverage limited UE is not constrained by PHICH and PCFICH physical channels

· A mechanism(s) to support scalability of spectral efficiency impact for coverage improvement by identifying UE requiring additional coverage improvement and informing eNB the amount of coverage the UE requires.

· Repetition/TTI bundling and extension to PSD boosting for applicable channels/signals identified during study phase.

· A relaxed requirement for “probability of missed detection” for PRACH.

In this contribution, we discuss some related issues.  
2. PHICH & PCFICH
The PHICH carries HARQ ACK/NACK for PUSCH. PHICH can be eliminated for MTC UEs requiring coverage improvement in the sense that the functionality of PHICH can be implemented by PDCCH. 

The overhead increases since PDCCH has to be transmitted each time. The PDCCH is unnecessary in case that uplink transport block has been sucessfully decoded and no new transmission needs to be triggered. However, PDCCH has to be transmitted since otherwise non-adaptive retransmission will be triggered according to the current UE behaviour. In order to avoid unnecessary PDCCH overhead especially considering the intermittent property of MTC traffic, it is suggested that no retransmission is triggered even if uplink grant is not received. This can be achieved by delivering ACK to higher layers for each transport block transmitted on PUSCH as the procedures specified for relay node.
Proposal 1: MTC UEs requiring coverage improvement shall not expect HARQ feedback on PHICH. ACK shall be delivered to higher layers for each transport block transmitted on PUSCH.
The PCFICH carries information about the number of OFDM symbols used for transmission of PDCCHs in a subframe. The control region size has to be known by MTC UEs requiring coverage improvement before reading SIB. Thus there are only two alternatives to inform control region size. One is to define the control region size in the specification and the other is to broadcast the control region size via PBCH. The former one is preferred in terms of specification impact.
Proposal 2: MTC UEs requiring coverage improvement assume fixed control region size which is pre-defined in the specification.

3. Repetition
Repetition was identified as a main coverage improvement technique for MTC UEs requiring coverage improvement. Additional REs will be occupied for repetition. 
Currently, the UE shall assume that CSI reference signals are not transmitted

-     in the special subframe(s) in case of frame structure type 2,

-     in subframes where transmission of a CSI-RS would collide with transmission of synchronization signals, PBCH, or SystemInformationBlockType1 messages,

-     in the primary cell in subframes configured for transmission of paging messages in the primary cell for any UE with the cell-specific paging configuration. 

From the backward compatibility perspective, it is not feasible for legacy UEs to assume the CSI-RS are not transmitted if collide with transmission of common channel/message repetition. Collision with CSI-RS needs to be considered in common channel/message repetition design.
Proposal 3: Collision with CSI-RS needs to be taken into account in common channel/message repetition design.

Common channels/messages must target the worst condition MTC UE irrespective of the number of MTC UEs and they are transmitted periodically. Therefore, it is important to avoid excessive resource overhead. The information in MIB changes every TTI thus it is not feasible to combine the signals cross TTIs. But the information in SIB is expected to change infrequently. It is suggested to ask RAN2 the feasibility of combining system information across SI windows.
Proposal 4: Ask RAN2 the feasibility of combing system information across SI windows.
Moreover, it is beneficial to know which SIB(s) are necessary for MTC UEs requiring coverage improvement. Therefore, unnecessary resource overhead for coverage improvement for other SIB(s) is avoided. It is proposed that only MIB, SIB1, SIB2 and possibly SIB14 are necessary for MTC UEs requiring coverage improvement as we discussed in [2] for low cost MTC UEs.
Proposal 5: Ask RAN2 to confirm if only MIB, SIB1, SIB2 and possibly SIB14 are necessary system information for MTC UEs requiring coverage improvement.
The timing relationship between PDCCH and PDSCH is another issue to be discussed. Currently, PDCCH and PDSCH scheduled by PDCCH are transmitted in the same subframe. When repetition is applied to PDCCH and PDSCH, there are the following candidate solutions  illustrated in Figure 1.
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Figure 1: Timing relationship candidate solutions
For solution 1 and 3, the repetition times for PDCCH and PDSCH can be different while for solution 2, the repetition times is the same for PDCCH and PDSCH. The scheduling flexibility is better for solution 1 and 3 at the cost of scheduling complexity increase.
The UE knows in prior the scheduling information before PDSCH reception for solution 3 since PDCCH is transmitted before PDSCH. However, it is our understanding that the cost from the buffer size perspective is the same for all the three solutions. 

Thus we propose to select a proper timing relationship to balance the scheduling flexibility, scheduling complexity and UE cost.

Proposal 6: Select a proper timing relationship taing the scheduling flexibility, scheduling complexity and UE cost into account.
4. PSD boosting

PSD boosting is agnostic to UE if only QPSK is adopted. It is reasonable to restric that MTC UEs requiring coverage improvement adopt QPSK only. 
RE power control dynamic range defined in TS36.104 is the difference between the power of an RE and the average RE power for a BS at maximum output power. It is our understanding that the extent of PSD boosting is limited by this requirement unless eNB concentrates all the output power to a reduced bandwidth. It is proposed to ask RAN4 to what extent PSD can be boosted for MTC UEs requiring coverage improvement. 
Proposal 7: MTC UEs requiring coverage improvement adopt QPSK only.

Proposal 8: Ask RAN4 the maximum extent of PSD boosting for MTC UEs requiring coverage improvement.
5. Conclusion
In this contribution, we discuss coverage improvement for MTC UEs.

Alternative mechanisms to PHICH and PCFICH functinality are proposed as follows:
Proposal 1: MTC UEs requiring coverage improvement shall not expect HARQ feedback on PHICH. ACK shall be delivered to higher layers for each transport block transmitted on PUSCH.
Proposal 2: MTC UEs requiring coverage improvement assume fixed control region size which is pre-defined in the specification.
For repetition, we give the following proposals.
Proposal 3: Collision with CSI-RS needs to be taken into account in common channel/message repetition design.

Proposal 4: Ask RAN2 the feasibility of combing system information across SI windows.
Proposal 5: Ask RAN2 to confirm if only MIB, SIB1, SIB2 and possibly SIB14 are necessary system information for MTC UEs requiring coverage improvement.

Proposal 6: Select a proper timing relationship taing the scheduling flexibility, scheduling complexity and UE cost into account.Regarding PSD boosting, following two proposals are given.
Proposal 7: MTC UEs requiring coverage improvement adopt QPSK only.

Proposal 8: Ask RAN4 the maximum extent of PSD boosting for MTC UEs requiring coverage improvement.
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