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1 Introduction

In the last RAN1#76bis meeting, the resource allocation assignment bandwidth for low cost MTC was discussed, and it was decided for broadcast traffic, there is no explicit restriction on the resource allocation size for MTC UEs, and for unicast traffic, there is implicit restriction on the resource allocation size due to the max TBS limitation (1000 bits) under explicit MCS indices (e.g., the MCS indices mapped to explicit TBS lookup indices) for Cat 0 UEs. Furthermore, it was agreed that for category 0 UEs, the scheduling and HARQ timing for PDSCH and PUSCH are the same as category 1 UEs. However, there are still some identified open issues as follows:   
· FFS until RAN1 #77 focusing on at least the following issues:

· Whether or not there is any need/benefits to change PDCCH search space and DCI sizes

· Impact, if any, on ACK/NAK resource allocation

· Whether or not Cat. 0 UEs can be served by eNBs without knowledge of Cat. 0 UEs, and if so, any issues

· Whether or not simultaneous unicast and broadcast is allowed (depending on whether or not there is a decision in RAN2 or not)

· Transmission mode(s) supported by Cat. 0 UEs

· Whether or not EPDCCH is supported

· Whether or not SPS is supported

· Issues, if any, on coverage for TDD with Cat. 0 UEs

· Details of Category 0 to be incorporated into 36.306

In this contribution, we discuss some of the above remaining issues and provide our views in order to finalize the work item of Low cost MTC UE for LTE in Rel-12.

2 Views on the remaining open issues for Low Cost MTC UEs
· Whether or not there is any benefits to change PDCCH search space and DCI sizes
In the last meeting, it was decided that for category 0 UEs the scheduling and HARQ timing for PDSCH and PUSCH are the same as category 1 UEs. Before this decision was reached, there seemed motivation to reduce the resource allocation (RA) span to the reduced bandwidth (e.g. reducing the number of bits for RA due to reduced bandwidth), hence leading the possibility of reducing the DCI format sizes. However, based on the above agreement from the last meeting that there is no bandwidth restriction for category 0 UEs, there is no motivation to change the DCI format sizes. 

Regarding to change PDCCH search space, there could be a benefit of reducing the number of blind decodings trials by decreasing the number of candidates for different aggregation levels, e.g. AL1 and 2. This reduction of blind decodings trials needs a careful consideration as the blocking rate may increase due to less number of candidates available in the search space. However, as MTC applications are delay tolerant, the delay arising from the blocking of search space may not be so critical.
Observation: There is no motivation to change DCI format sizes for low cost MTC UEs.
Proposal 1: No change for DCI format sizes.
· Whether or not Cat. 0 UEs can be served by eNBs without knowledge of Cat. 0 UEs, and if so, any issues
As there is TBS limitation of 1000 bits for low cost MTC UEs, the eNB needs to identify the MTC UE after the initial access. Therefore, in order to serve MTC UEs after the initial access, the eNB has to take into account the MTC related functionality such as knowledge of TBS limitation, 1Rx antenna, etc, so, eNB needs the knowledge of Cat 0 UEs. For the issues relating to the initial access (e.g. RAR messages 2/4 and Paging), we have another contribution [4].
Proposal 2: eNB needs the knowledge of Cat 0 UEs after the initial access in order to serve them, e.g. TBS limitation of 1000 bits, 1Rx antenna.

· Whether or not simultaneous unicast and broadcast is allowed (depending on whether or not there is a decision in RAN2 or not)
The dis-advantage of not having simultaneous reception of unicast and broadcast is the delay. However, it has been discussed that MTC UE is mainly for delay tolerant applications, so there is no strong justification for simultaneous reception of unicast and broadcast in the same subframe. 
Observation: MTC UEs are mainly for delay tolerant applications, so there is no strong justification for simultaneous reception of unicast and broadcast in the same subframe.

· Transmission mode(s) supported by Cat. 0 UEs
For the DL transmission, it is possible to support all transmission modes with single layer transmission for low cost MTC UEs. Transmission modes with closed loop feedback may be beneficial for achieving beamforming gain which will increase the coverage of MTC UEs. Furthermore, if MTC supports only a subset of CRS-based transmission modes (e.g. TM1, TM2 and TM7), there may be capacity and scheduling limitations, for example, in case 6 out of 10 subframes in a radio frame are configured for MBSFN subframes used for PDSCH transmission (e.g. to reduce the CRS interference in HetNet scenario), because in this example, MTC UEs can only be scheduled to 4 subframes where CRS are transmitted. In addition, if MTC UE supports EPDCCH, UE will any way support DMRS reception and the related channel estimation, so it is also natural to support at least one DMRS-based TM mode with single layer transmission. Therefore, in addition to TM1, TM2 and TM7, it may be reasonable to support at least one DMRS based TM mode (TM9 or 10) with single layer transmission to enable the benefits of closed loop feedback (e.g. beamforming) and the flexibility of scheduling MTC UEs on MBSFN subframes used for PDSCH transmission.

For the UL transmission, currently two transmission modes are supported, one for single antenna and another for multiple-antenna transmission. Therefore, as MTC UEs have only one antenna, “Transmission Mode 1” with DCI format 0 should only be supported.

Proposal 3: In DL, at least TM1, TM2 and TM7 are supported for low cost MTC UEs, FFS if one additional DMRS based TM mode would be supported (TM9 or 10). For UL, “Transmission Mode 1” with DCI format 0 should only be supported.

· Whether or not EPDCCH is supported

The main purpose of EPDCCH in Rel-11 was to increase the control channel capacity and to enable beamforming to improve the reliability of the control reception at the UE. As many MTC UEs with small data rate transmission will be expected to be available in the future, the bottle neck of the system will be the control channel capacity; therefore, in order to increase the control channel capacity, it is important that low cost MTC UEs to support EPDCCH feature from the early stage.

Proposal 4: EPDCCH should be supported for low cost MTC UEs (i.e. Cat 0 UEs).

· Whether or not SPS is supported

SPS involves transmission of small packets with regular intervals in which the resources are semi-statically allocated in order to reduce the control channel overhead. It is not clear yet whether these kinds of small packets which are transmitted very frequently for a period of time would be supported in MTC applications. So, it seems there is no strong justification to support SPS in low cost MTC UEs (i.e. Cat 0 UEs).
Observation: There is no strong justification to support SPS in low cost MTC UEs (i.e. Cat 0 UEs).
Conclusion

In this contribution, we have discussed some of the remaining open issues in Low cost MTC and we have the following views:

Observation: There is no motivation to change DCI format sizes for low cost MTC UEs. Observation: MTC UEs are mainly for delay tolerant applications, so there is no strong justification for simultaneous reception of unicast and broadcast in the same subframe.
Observation: There is no strong justification to support SPS in low cost MTC UEs (i.e. Cat 0 UEs).
Proposal 1: No change for DCI format sizes.
Proposal 2: eNB needs the knowledge of Cat 0 UEs after the initial access in order to serve them, e.g. TBS limitation of 1000 bits, 1Rx antenna.

Proposal 3: In DL, at least TM1, TM2 and TM7 are supported for low cost MTC UEs, FFS if one additional DMRS based TM mode would be supported (TM9 or 10). For UL, “Transmission Mode 1” with DCI format 0 should only be supported.
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