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1 Introduction
The scope of the WID has been reduced to focus on the aspects of low cost MTC in Rel-12 with the enhanced coverage aspect having been delayed [1]. Based on the agreements in RAN1 and RAN2 so far, this contribution discusses the remaining aspects for low cost MTC UE in order to be completed in Rel-12.
2 PMCH support
In RAN2#85, it was agreed that “A low cost UE may support eMBMS (optional) and if it does it shall support a TBS size for MBMS reception of [10296] (like Category 1)”. It is deemed valuable to consider eMBMS capable UEs given some useful scenarios, e.g., the software for a number of MTC devices can be updated simultaneously by using eMBMS. Therefore, for eMBMS capable low cost MTC UEs, it is proposed to reuse the same size of MCH TBS of 10296 bits as for UE category 1.

The eMBMS capable low cost MTC UE already has the capability to buffer the data after the FFT operation for the entire system bandwidth. Considering that the benefit of bandwidth reduction comes from the cost saving of the post-FFT buffer size, it is reasonable that the eMBMS capable low cost MTC UE can override the bandwidth limitation of 6 PRBs.

Proposal 1: For a low cost MTC UE supporting eMBMS, MCH TBS is the same as UE category 1 (i.e., 10296 bits).

Proposal 2: For a low cost MTC UE supporting eMBMS, the bandwidth restriction of 6 PRBs is not applied.

3 TM & DM RS based transmissions
It is necessary to discuss which TMs (Transmission Modes) are supported for a low cost MTC UE. Note that the low cost MTC UE does not support MIMO features due to single Rx antenna requirement. In addition, it is unclear whether the low cost MTC UE needs to support DM RS based TMs such as TM7, 8, 9, and 10 when taking into account the trade-off between their benefits and implementation complexity. To support DM RS based TMs, the low cost MTC UE needs to implement an additional channel estimator using DM RS besides the CRS based one.
The same question might arise for EPDCCH which is DM RS based. If EPDCCH is supported for low cost MTC UEs as an optional feature, implementation cost increase would be expected.
Also, from WID [1], it is stated that “NOTE1:
Reduced downlink channel bandwidth for control channels in baseband could also be considered if EPDCCH with CSS is already considered in Rel-12 timeline by other work”. Since other WIDs such as the SCE and NCT WIDs, do not take into account EPDCCH with CSS, the NOTE in [1] is not applicable any more.
Due to, at least, the single Rx antenna requirement, RAN4 currently faces on substantial work load since the requirements for all physical channels, including new RRM requirements, should be defined. The capability of EPDCCH for low cost MTC UE would further delay the RAN4 progress.
 Based on the discussion above, it is foreseen that only TM1 and TM2 are indispensable and the other TMs are not essential for low cost MTC UE. In addition, DM RS based EPDCCH is not critical for low cost MTC in Rel-12. Considering the timeline for completing the WI, it is reasonable to consider only TM1 and TM2 for low cost MTC UE in Rel-12.
Proposal 3: Only TM1 and TM2 are supported for low cost MTC UE in Rel-12.

Proposal 4: EPDCCH is not supported for low cost MTC UE in Rel-12.

4 Half-duplex operation
As stated in [3], a half-duplex mode UE does not need a duplexer. Note that a half-duplex LTE MTC modem uses a switch instead of a duplexer. Additional savings from reduced complexity and memory may also be possible in the baseband module. This is primarily due to the fact that in half duplex mode, there is no need to provision processing power and memory for concurrent downlink and uplink operations. 
In [2], RAN4 indicates the following:

	· For low complexity HD-FDD MTC UE, the Rx-to-Tx switching time is up to 1ms if single oscillator is used 

· For low complexity HD-FDD MTC UE, the Tx-to-Rx switching time is up to 1ms if single oscillator is used 

· The definitions of Tx-to-Rx and Rx-to-Tx guard period need to be clarified in TS36.211 for low complexity HD-FDD MTC UE.


Figure 1 shows the HARQ operation for half-duplex FDD for low cost MTC UE with 1ms transition time. It is observed that there are some unavailable subframes, due to Tx or Rx, and transition subframes within HARQ RTT Timer 8. Note that the illustrated example applies also to the UL HARQ operation with HARQ RTT Timer 8. According to this example, if the maximum number of HARQ processes is reduced, e.g., to 2, the cost savings on soft buffer size would be 75% compared to 8 HARQ processes (overall 6.75%). Therefore, it is deemed valuable to consider the reduced number of HARQ processes for half-duplex FDD in low cost MTC UE.
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Figure 1 HARQ operation for half duplex FDD in low cost MTC UE with 1ms transition time
Proposal 5: It is suggested to reduce the maximum number of HARQ processes for half-duplex FDD in low cost MTC UE.
5 Conclusions
This contribution discusses some remaining issues for low cost MTC such as PMCH support, DM RS based TM, EPDCCH, and half duplex operation. Based on the discussions, our proposals are provided below.

Proposal 1: For a low cost MTC UE supporting eMBMS, MCH TBS is the same as UE category 1 (i.e., 10296 bits).

Proposal 2: For a low cost MTC UE supporting eMBMS, the bandwidth restriction of 6 PRBs is not applied.
Proposal 3: Only TM1 and TM2 are supported for low cost MTC UE in Rel-12.
Proposal 4: EPDCCH is not supported for low cost MTC UE in Rel-12.
Proposal 5: It is suggested to reduce the maximum number of HARQ processes for half-duplex FDD in low cost MTC UE.
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