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1. Introduction 
In RAN#65 [1], a new WI has been approved to further enhance the physical layer for MTC.  One of the objectives is:

· Specify a new Rel-13 low complexity UE category/type for MTC operation in any LTE duplex mode (full duplex FDD, half duplex FDD, TDD) based on the Rel-12 low complexity UE category/type supporting the following additional capabilities:

· Reduced UE bandwidth of 1.4 MHz in downlink and uplink.

· Bandwidth reduced UEs should be able to operate within any system bandwidth.

· Frequency multiplexing of bandwidth reduced UEs and non-MTC UEs should be supported. 

· The UE only needs to support 1.4 MHz RF bandwidth in downlink and uplink.

· The allowed re-tuning time supported by specification (e.g. ~0 ms, 1 ms) should be determined by RAN4.

· Reduced maximum transmit power.

· The maximum transmit power of the new UE power class should be determined by RAN4 and should support an integrated PA implementation.

· Reduced support for downlink transmission modes.

· The following further UE processing relaxations can also be considered within this work item:

· Reduced maximum transport block size for unicast and/or broadcast signalling.

· Reduced support for simultaneous reception of multiple transmissions.

· Relaxed transmit and/or receive EVM requirement including restricted modulation scheme. Reduced physical control channel processing (e.g. reduced number of blind decoding attempts).

· Reduced physical data channel processing (e.g. relaxed downlink HARQ time line or reduced number of HARQ processes).

· Reduced support for CQI/CSI reporting modes.

This contribution discusses some considerations on these objectives.

2. Discussion
In this contribution we will discuss some considerations for bandwidth reduction, uplink transmit power reduction and TM reduction.  The other complexity reduction aspects of the WID would required further study to justify their inclusion.
2.1 Bandwidth Reduction

By reducing the RF bandwidth of the UE to 1.4 MHz, the cost of the UE is estimated to reduce by 39% [2], which is a significant amount.  There are, however, significant impacts to the specifications in such reduction, which we will consider here.

In one of the objectives, Rel-13 LC-MTC UEs need to operate in all system bandwidths, and it is expected that they will coexist with normal UEs.  In the current system PDCCH carrying the scheduling information for common control messages spans the entire system bandwidth.  Since Rel-13 LC-MTC UE bandwidth is reduced to 1.4 MHz, the current PDCCH cannot be used for operation where the system bandwidth is greater than 1.4 MHz.  The following are some options that can be considered:
· Option 1: Allocate additional symbols for PDCCH for Rel-13 LC-MTC.  For example if the legacy PDCCH occupies the 1st 2 symbols, another 2 symbols can be allocated for LC-MTC UEs operating within the 1.4 MHz band.

· Option 2: DCI is not used in scheduling common control messages for LC-MTC UEs.  That is, the PDSCHs carrying common control messages are either predefined in the specifications or blind decoded by the UE.

· Option 3: Introduce CSS on EPDCCH for common control messages.

All 3 options would have some impact to the specifications.  Option 1 would create a new type of PDCCH.  Since in Rel-11 we already defined an enhancement to PDCCH, there is no benefit in creating yet another form of PDCCH.  Option 2 would create a new feature in the form of a PDSCH search space.  Unlike PDCCH, PDSCH can utilise different modulation schemes and hence the PDSCH MCS would also need to be predefined or blind decoded.  Since EPDCCH already exists since Rel-11, Option 3 is a relatively simple extension of EPDCCH to include a CSS.  Among the 3 options, Option 3 would have the least specification impact. 
Proposal 1: Introduce CSS on EPDCCH in Rel-13 for LC-MTC UE operation.

Similarly, PDCCH is not suitable for scheduling of PDSCH for UE specific traffic.  Following the above argument, EPDCCH which is already defined in Rel-11 would therefore need to be supported by Rel-13 LC-MTC UEs. 

Proposal 2: Rel-13 LC-MTC UEs should support EPDCCH for USS.

Operating all LC-MTC UEs within a single 1.4 MHz subband would create congestion in that subband.  Hence as part of the objectives, frequency multiplexing of LC-MTC UEs is proposed.  In the current system, EPDCCH and the corresponding PDSCH are scheduled within the same subframe.  EPDCCH search space can occupy a significant amount of resources within the 1.4 MHz subband, and hence the design of EPDCCH needs to take this into consideration.  The details of this are FSS.
2.2 Reduced Maximum UL Transmit Power

Cost reduction is expected from integrating the UE PA within the chipset.  This would reduce the UE maximum uplink transmit power where the amount of reduction is to be determined by RAN4.  The reduction in uplink coverage would therefore need to be compensated, which can be achieved through coverage enhancement.  Hence coverage enhancement needs to be mandatory for Rel-13 MTC UEs.

2.3  Reduction in Supported Transmission Modes
The Rel-13 LC-MTC UE is based on the Rel-12 LC-MTC UE which has 1 Rx antenna.  Hence Rel-13 LC-MTC UE is only capable of 1 layer reception.  Transmission modes that support more than 1 layer transmission are therefore not required.
The basic transmission modes, TM1 and TM2 at least should be supported.  Since TM6 supports a single layer for closed loop spatial multiplexing, it can be considered.  As discussed above, EPDCCH may be the only way to schedule PDSCH for common control and user specific data.  Hence at least TM8 & TM9 which are based on DMRS should be supported.

Proposal 3: Rel-13 LC-MTC UE should support at least TM1, TM2, TM6, TM8 and TM9.  Other TMs are FFS.
3. Conclusion

In this contribution we have discussed some considerations for bandwidth reduction, uplink transmit power reduction and TM reduction.  We propose the following:

Proposal 1: Introduce CSS on EPDCCH in Rel-13 for LC-MTC UE operation.

Proposal 2: Rel-13 LC-MTC UEs should support EPDCCH for USS.Proposal 3: Rel-13 LC-MTC UE should support at least TM1, TM2, TM8 and TM9.  Other TMs are FFS.
Proposal 3: Rel-13 LC-MTC UE should support at least TM1, TM2, TM6, TM8 and TM9.  Other TMs are FFS.
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