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Discussion/Decision
1 Introduction
RAN1 has reached an agreement that 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.
In this contribution, we provide further UE complexity reduction considerations for MTC UE focusing on 1.4MHz operation.
2 Reduced UE bandwidth of 1.4 MHz in downlink and uplink
Frequency multiplexing of MTC UEs and non-MTC UEs
As per WID [1], bandwidth reduced UEs should be able to operate within any system bandwidth. In addition, frequency multiplexing of bandwidth reduced UEs and non-MTC UEs should be supported. 

Frequency multiplexing between bandwidth reduced MTC UEs and non-MTC UEs can be realized by scheduling bandwidth reduced MTC UEs within the allocated 1.4MHz for MTC UEs and scheduling non-MTC UE within the frequency resource not overlapping the 1.4MHz. Obviously, if the eNB does not schedule DL or UL transmissions for MTC UEs in a subframe over all of the 1.4 MHz of DL or UL bandwidth, the eNB scheduler can use any available part of the 1.4 MHz to schedule DL or UL transmissions for non-MTC UEs (subject to limitations in the resource assignment granularity).
If 1.4MHz operation is considered together with uplink PSD boosting with smaller granularity than 1 PRB for coverage improvement, fine granularity of frequency multiplexing would be needed.
Frequency multiplexing between bandwidth reduced MTC UEs within and/or across the allocated 1.4MHz can be supported with resource allocation confined in 1.4MHz.
Random access preamble occupies a bandwidth corresponding to 6 consecutive PRBs. That is, frequency multiplexing of PRACH with other physical channels for MTC is not possible within the allocated 1.4MHz frequency location. Furthermore, for 1.4MHz system bandwidth, frequency multiplexing of random access preamble for MTC UE and PUSCH/PUCCH for non-MTC UEs (or random access preamble for non-MTC UE and PUSCH/PUCCH for MTC UEs) in a subframe is not possible with current random access preamble structure.

Observation 1: In DL, frequency multiplexing of bandwidth reduced UEs and non-MTC UEs can be supported with current resource allocation scheme.

Observation 2: In UL, frequency multiplexing of bandwidth reduced UEs and non-MTC UEs may not be supported, e.g. transmission of random access preamble in 1.4MHz system bandwidth.
Re-tuning time

Although it is a RAN4 task to determine the allowed re-tuning time, our initial view is that UE Rx or Tx frequency change would not require too much time. The main component of re-tuning time would be the time for PLL settlement. As the amount of frequency switching is relatively small (i.e. at most 20MHz for 1.4MHz MTC UE while 10 ~ 400MHz for HD-FDD UE to switch Tx/Rx frequency [3]), corresponding PLL settlement time could be in the order of tens of usec.
3 Elimination of Control Channels
Reduced UE bandwidth of 1.4 MHz impacts on downlink control channels (PCFICH/PHICH/PDCCH), which need to be sent within the bandwidth supported by the MTC UEs. Elimination of use of the control channels are considered in the context of coverage improvement. In our view, at least PCFICH and PHICH can be eliminated, DL control can be provided by EPDCCH, while further discussion is needed on how to replace PHICH while maintaining physical layer HARQ functionality for PUSCH transmissions [2].

For PUCCH, the spec change in terms of reduced bandwidth may not be needed as the eNB could configure PUCCH to be located within the reduced bandwidth. However, unlike Rel-12 operation, frequency hopping should be supported for repetitions of a PUCCH transmission from an MTC UE.
 Observation 3: PCFICH can be removed for Rel-13 MTC UEs. PHICH can be removed but its functionality should be maintained.

4 Reduced support for downlink transmission modes

According to TR36.888 [4], the estimated relative total cost saving with reduction of supported downlink transmission modes is about 2-10%. Taking into account other cost reduction factors, as well as the reduced bandwidth operation in Rel-13, the total cost savings are expected to be in the order of 5% relative to a Rel-12 MTC UE. The cost saving may come from removing PMI computation and a simplified MIMO detection/equalization algorithm. DL transmission mode reductions should be pursued to avoid unnecessary implementations and testing that, depending on the specific design of Rel-13 MTC UEs, are unlikely to be directly derived from respective implementations for Rel-12 UEs. Moreover, as MTC traffic is expected to be UL dominant, minimal/no impact on DL spectral efficiency is expected; on the contrary, there may be some small gain as unnecessarily large DCI formats will not need to be supported.

DL coverage and UE power savings can be improved by supporting a single, compact, DCI format for PDSCH scheduling and UE complexity can be improved by a reduced number of EPDCCH candidates.
Observation 4: Supporting reduced DL TMs can be sufficient for Rel-13 MTC UEs. DCI format size can be minimized for better coverage and reduced power consumption, and EPDCCH candidates can also be minimized.
5 Further UE processing relaxations

Restricted modulation scheme

The relative cost savings with restricting the maximum modulation to QPSK for downlink/uplink from the reference Cat.1 UE are 3 – 10 % [4]. The cost savings are due to less restrictive power amplifier EVM requirements, local oscillator of RF transceiver, less precision/power needed for the ADC, simplification of the UL processing block, turbo decoding, post-FFT data buffering, and HARQ buffering.
Observation 5: Restricting the modulation order to QPSK for Rel-13 MTC UEs can provide gains in terms of UE cost reduction and power consumption.
HARQ timing and processes

In Rel-12, the scheduling and HARQ timing and the maximum number of HARQ processes are kept unchanged for Cat.0 MTC UE. In Rel-13, the adjustments of HARQ timeline and the number of HARQ processes could be reconsidered, for example in conjunction with coverage improvements or with respect to a design for HD-FDD UEs.
Reduced CSI reporting modes and reduced support of transmission modes are related with each other. 
Observation 6: Restricting the number of HARQ processes to 3 or less can be considered particularly if the Rel-13 MTC design is to be optimized for HD-FDD MTC UEs or for MTC UEs requiring coverage enhancements.

6 Conclusion
This contribution discussed UE complexity reduction for MTC UE based on the WID [1]. Generally speaking, the total of the cost reduction gain from multiple sources cannot be their linear sum due to existence of UE processing sharing. Nevertheless, Rel-13 MTC UEs (as well as any UEs) should not support unnecessary or marginal functionalities as it is not possible to predict their combined cost, power consumption, or implementation complexity especially considering unknown variables for state-of-the-art technologies in the future.
In particular, the following observations are made:
Observation 1: In DL, frequency multiplexing of bandwidth reduced UEs and non-MTC UEs can be supported with current resource allocation scheme.

Observation 2: In UL, frequency multiplexing of bandwidth reduced UEs and non-MTC UEs may not be supported, e.g. transmission of random access preamble in 1.4MHz system bandwidth.

Observation 3: PCFICH can be removed for Rel-13 MTC UEs. PHICH can be removed but its functionality should be maintained.

Observation 4: Supporting reduced DL TMs can be sufficient for Rel-13 MTC UEs. DCI format size can be minimized for better coverage and reduced power consumption, and EPDCCH candidates can also be minimized.

Observation 5: Restricting the modulation order to QPSK for Rel-13 MTC UEs can provide gains in terms of UE cost reduction and power consumption.

Observation 6: Restricting the number of HARQ processes to 3 or less can be considered particularly if the Rel-13 MTC design is to be optimized for HD-FDD MTC UEs or for MTC UEs requiring coverage enhancements.
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