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Introduction
In RAN#65, a WI on a new UE for MTC operation [1] has been approved. According to the WID, three aspects for a new MTC UE are specified, a new low complexity UE category/type, coverage enhancement for a new UE category/type and other delay-tolerant MTC UEs, and power consumption reduction for the UE category/type. 
In RAN1#78bis meeting, the following agreements were made:
· Reduced UE bandwidth of 1.4 MHz in downlink and uplink is prioritized as the most important complexity reduction technique for Rel-13 MTC UEs
· Regarding the physical downlink control channel for MTC:
· It is used to transmit DCI messages to Rel-13 low complexity UEs
· Its usage for other purposes than unicast transmission is FFS
· Its usage for other UEs in enhanced coverage is FFS
· It is a narrowband (within 6 PRBs) control channel
· Its demodulation is based on CRS and/or DMRS (FFS)
· It is not mapped to legacy control regions
· Its design is based on PDCCH or EPDCCH unless some aspects are agreed as not applicable
· This does not preclude the consideration of Rel-13 low complexity UE accessing 1.4 MHz system BW using legacy (E)PDCCH

In addition, the following working assumptions were made:
· The maximum TBS for unicast transmission for Rel-13 low complexity UE is approximately 1000 bits.
· UE is not required to support simultaneous reception of multiple transmissions for unicast and broadcast transmissions at least for Rel-13 low complexity UE. If eNB schedules unicast and broadcast simultaneously to UEs
· FFS: UE behavior
· The maximum TBS for broadcast transmission for Rel-13 low complexity UE is no more than approximately 1000 bits.
· RAN2 aspect and RAN1 aspect need to be considered further by RAN1 and RAN2 before confirming the working assumption
· RAN1 aspect including coding rate and spectral efficiency (taking into account coverage enhancement) and turbo coding gain

In this contribution, we provide some technical solutions of PUCCH and PUSCH for MTC.

PUCCH and PUSCH design
During MTC discussion in Rel’12 time frame, the following working assumptions were made for UEs in enhanced coverage mode for MTC:
· No support of repetition of periodic CSI over PUCCH
· FFS: periodic CSI over PUCCH without repetition
· ACK/NACK on PUCCH is supported. FFS on the configurability of ACK/NACK
· Dedicated SR is supported but no further optimization beyond PUCCH repetition for SR (e.g., no new format)
Regarding the agreements and working assumptions made during Rel’12 MTC discussion, we should additionally consider the power consumption aspects. Hence, for UEs in enhanced coverage mode for MTC, the working assumptions on PUCCH made during Rel’12 time frame should be kept as it is.
Proposal 1: For UEs in enhanced coverage mode for MTC, the working assumptions on PUCCH made during Rel’12 time frame should be kept.

Considering the amount of MTC traffic in UL, we can consider the resource allocation less than 1 RB as in [2]. However, we should consider specification impact to support finer granularity of resource allocation: UE multiplexing, reference signal design, related signalling, and so on. On the other hand, the benefits of finer resource allocation granularity with power boosting for coverage enhancement are not clear as the maximum UE power is limited. Hence, it is our preference not to design finer resource allocation than 1 RB unless clear benefits are shown. 
Proposal 2: Baseline of resource allocation unit is 1 RB unless significant benefits are shown. 

UL hopping for PUSCH transmission is supported in current specification. With reduced UE uplink bandwidth, uplink transmission is limited within contiguous 6 RB in one subframe. In one subframe, we may get little frequency diversity gain with frequency hopping within 6 RB narrow transmission bandwidth. In enhanced coverage mode, the PUSCH transmission will be also repeated. Then, we can consider the frequency hopping in subframe basis to get the frequency diversity, which PUSCH transmission may be held in different frequency region in each subframe. However, we should investigate the trade-off between performance gain from frequency diversity, and spectral efficiency degradation due to required time gap for frequency re-tuning and UE complexity. If frequency hopping across subframes is used, a mechanism to address potential spectral efficiency degradation could be needed. 
Proposal 3: For UL frequency hopping, we should further investigate the  performance benefits and mechanisms to mitigate spectral efficiency degradation from frequency retuning latency if frequency hopping is used.

Based on working assumption, there will be repeated PUCCH with HARQ-ACK/SR and PUSCH transmission from a UE. Similar to simultaneous reception in PDCCH and PDSCH in the same subframe, PUCCH and PUSCH may also be scheduled in the same subframe. Since it may be power-limited situation in enhanced coverage mode, HARQ-ACK piggy-back on PUSCH may have performance degradation for both HARQ-ACK and UE data. Hence, it is preferred that HARQ-ACK piggy-back on PUSCH is not supported. 
Proposal 4: HARQ-ACK piggy-back on PUSCH is not supported. 
Without supporting periodic CSI, aperiodic CSI reporting seems important which requires multiplexing with UE data on PUSCH. Network can handle multiplexing UE data with aperiodic CSI by setting appropriate MCS level and transmit power level. 
Proposal 5: Aperiodic CSI can be transmitted on PUSCH in the same way as that of the current specification. 

Conclusion 
In this contribution, we discussed some technical solutions for PUCCH and PUSCH for MTC UE. Based on the discussion, we propose as followings:

Proposal 1: For UEs in enhanced coverage mode for MTC, the working assumptions on PUCCH made during Rel’12 time frame should be kept.
[bookmark: _GoBack]Proposal 2: Baseline of resource allocation unit is 1 RB unless significant benefits are shown.
Proposal 3: For UL frequency hopping, we should further investigate the  performance benefits and mechanisms to mitigate spectral efficiency degradation from frequency retuning latency if frequency hopping is used.
Proposal 4: HARQ-ACK piggy-back on PUSCH is not supported.
Proposal 5: Aperiodic CSI can be transmitted on PUSCH in the same way as that of the current specification.
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