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1 Introduction

A WID for the operating objectives of MTC UEs in Rel-13 was approved in [1]. This contribution considers design aspects for UE-specific control ((E)PDCCH/PHICH/PUCCH) and for data channels (PDSCH/PUSCH) for Rel-13 MTC UEs.

2 UE-specific Control Channels
The use of control channels should be maintained, at least for MTC UEs that do not require significant coverage enhancements, as they can provide more efficient operation than SPS PDSCH/PUSCH or higher layer ARQ for many traffic types. 
PDCCH vs. EPDCCH

EPDCCH is an optional feature in Rel-12 and it needs to be decided whether it becomes a mandatory one for Rel-13 MTC UEs and for networks that can support Rel-13 MTC UEs. A network can support Rel-13 MTC UEs in a 1.4 MHz BW re-farmed from GSM (the main reason why 1.4 MHz BW was introduced) without having to support EPDCCH. In addition to simplifying implementations, this can also allow re-use of existing functionalities (such as CSS or PHICH) that are not currently supported by EPDCCH. Also, as it is subsequently discussed, if a Rel-13 MTC UE does not support EPDCCH it can achieve about 10% in cost savings towards the overall objective for a 50% cost savings relative to Rel-12 MTC UEs. 
The main advantages cited in favor of EPDCCH over PDCCH are the ability for FDM-ICIC, the possibility for enhanced DL coverage due to beamforming of localized EPDCCH, and the potential for larger capacity relative to PDCCH. However, DL coverage may not be improved compared to PDCCH, at least for FDD and 2/4 Tx antennas, as beamforming gains are offset by channel estimation losses (primarily) and frequency diversity losses. FDM-ICIC may not be a differentiating factor for EPDCCH as the DL operating bandwidth is only 6 RBs (and TDM-ICIC is also possible). The same holds to a large extent for the DL control channel capacity where EPDCCH becomes meaningfully beneficial over PDCCH only when there is practically no DL data traffic. Conversely, use of PDCCH allows more time for processing of a data transport block (although this can be also achieved through a relaxed HARQ RTT) and, possibly, for some incremental gains in power savings.
Observation 1: EPDCCH is not essential for supporting Rel-13 MTC UEs and can remain an optional feature for Rel-13 MTC UEs (and for Rel-13 networks supporting Rel-13 MTC UEs).

(E)PHICH
The PHICH functionality should preferably be supported. However, in case of scheduling by EPDCCH, the tradeoff from designing a new EPHICH may not be positive particularly considering the small number of UEs scheduled per subframe (i.e. considering the even smaller number of UEs that will require HARQ retransmissions per subframe) and reliance on adaptive retransmissions, similar to Rel-11, can be preferable. For coverage limited operation, relying on an UL DCI format for adaptive retransmissions can be very “expensive” [2] and alternative means can be considered to provide HARQ-ACK feedback to a UE particularly as it is also very “expensive” to achieve low BLER for a PUSCH transmission. 
Observation 2:PHICH functionality can be provided by adaptive PUSCH retransmissions for normal operation. FFS for coverage limited operation.
PUCCH
The Rel-8 UCI support provides significant efficiencies that should be maintained for Rel-13 MTC UEs in general and can be opportunistically combined with the use of relaxed HARQ timelines.

One consideration is whether UCI transmission from Rel-13 MTC UEs should be confined in PUSCH transmissions or whether PUCCH transmissions should also be supported. This is because the traffic for typical MTC applications is UL dominant, relaxed HARQ timelines can be considered, and it can be expected that the MTC UE has PUSCH transmissions. The usual tradeoff of reduced flexibility for some reduced complexity applies.
Despite the tolerance for increased latency, it can be beneficial for a MTC UE to be able to transmit SR to indicate existence of data in its buffer, and thus initiate communication with an eNB, as not all traffic types are of periodic nature. Then if PUCCH format 1 is supported, PUCCH format 1a and PUCCH format 1b with channel selection can also be trivially supported and its use can avoid inefficiencies resulting from using higher layer ARQ despite a possible relaxation of the HARQ timelines. 
Support for PUCCH Format 2 may be conditioned on the support of EPDCCH that requires accurate PMI in order to obtain beamforming gains (more so that the PDSCH as the EPDCCH has stricter BLER targets). Otherwise, especially for UL-dominant traffic, CSI can be provided by PUSCH on demand by the network. This can also help alleviate PUCCH overhead in 1.4 MHz although 1 PRB suffices (multiplexing of PUCCH Format 1/1a and PUCCH Format 2 in the same PRB is supported) and it does not need to exist in every subframe particularly since typical traffic is UL-dominant (overhead can be significantly less than 16%).
Observation 3: PUCCH Format 1/1a can be supported without significant complexity or overhead. Support for PUCCH Format 2 is less beneficial. 

3 UE-specific Data Channels

PDSCH Transmission Modes (TMs)
The key issue in deciding which PDSCH TMs should be supported is to determine whether EPDCCH support is an optional or mandatory feature for Rel-13 MTC UEs and for networks that can support Rel-13 MTC UEs. If EPDCCH is an optional feature, the basic TMs of TM1 and TM2 suffice as mandatory ones and a DMRS-based TM can be an optional one. As a UE does not have to perform DMRS-based channel estimation or PMI computation (or additional CSI-RS based CSI measurements in case of TM9), the cost savings are ~2.5% relative to a Cat.1 UE or ~5% relative to a Rel-12 MTC UE (Cat.0). This takes into account the bandwidth reduction from 20 MHz to 1.4 MHz (otherwise, the cost savings are ~5% relative to a Cat.1 UE or ~10% relative to a Rel-12 MTC UE). Additional complexity/cost reductions that were not considered in Rel-12 and are considered in the WID [1] are due to the reduced requirements for (E)PDCCH blind decoding operations (by 16, or by 36.6% for PDCCH with CSS and by 50% for EPDCCH without CSS) as the MTC UE does not need to decode a DL DCI format for a non-fallback TM. 
If EPDCCH is a mandatory feature then, in addition to the basic TMs of TM1 and TM2, a DMRS-based TM, such as TM8 or TM9, can be supported by Rel-13 MTC UEs as the cost from having to implement a DMRS-based channel estimator cannot be avoided (separate discussion is needed for CSI-RS channel/CQI estimators to support TM9). As discussed during Rel-12, the other TMs are redundant (with the possible exception of TM7 for TDD). 
In general, when determining PDSCH TMs, it needs to also be considered that MTC traffic is typically UL dominant and any optimizations to PDSCH TMs (e.g. to provide small RRC reconfiguration messages) are unlikely to offer any meaningful benefits to the system or to the UE spectral efficiency. Moreover, as discussed in [2], the PDSCH is not a concern for UE coverage. Therefore, regardless of EPDCCH or PDCCH support, TM1 and TM2 suffice for PDSCH transmissions. Supported CQI/CSI reporting modes can follow once the supported PDSCH TMs are determined.
Observation 4: TM1 and TM2 suffice for PDSCH transmissions. Marginal impact on system or UE spectral efficiency exists from not supporting additional PDSCH TMs. No specification impact is expected (other than defining the PDSCH TMs for Rel-13 MTC UEs). 
Reducing Maximum TBS – Relaxing RF transceiver EVM requirements by using only QPSK
A 1 Mbps peak rate is unnecessary for nearly all MTC applications not requiring high quality video transmission. As the intended data rates for typical MTC applications are less than 100 Kbps, further reduction in maximum TBS can be afforded for further cost reduction and simpler implementations. A 1 Mbps peak rate should certainly not be expected for Rel-13 MTC UEs operating in coverage limited conditions for which the minimum currently supportable TBS, assuming minimum of 1 RB allocation per subframe, is 16 Kbps. This can be excessive (and “expensive”) for Rel-13 UEs requiring enhanced coverage particularly in conjunction with the objective to reduce power consumption, and a ~10x reduction in peak rate can be acceptable. 

One important consideration for reducing the maximum TBS is not so much the DBB cost (which is expected to continue decreasing with time) but from the RF cost (for which the cost is not as easy as for the DBB to reduce and is not subject to “Moore’s law”). A primary motivation to support HD-FDD UEs with a single oscillator in Rel-12 and to consider reduced maximum transmission power in the WID for Rel-13 [1] is to enable cost-efficient integration on a same chip for the RF and the DBB. This imposes several implementation challenges on the RF. 
Using only QPSK modulation for the new UE power class can alleviate MPR and A-MPR requirements for 16QAM/64QAM and can reduce PA cost. It can also reduce the required RF transceiver EVM and provide additional cost saving. Moreover, the reduction in the required number of ADC/DAC bits from using only QPSK modulation can provide both additional cost and power savings. It is recommended to consult RAN4 on the expected cost and power savings from using only QPSK modulation for the new UE power class considering on-chip RF and DBB integration. 

In Rel-12 studies, one concern from not supporting 16QAM/64QAM was the reduced spectral efficiency. However, this was typically under simulation assumptions of full buffer traffic and/or of large system bandwidth (5 MHz or 10 MHz) with ideal CQI feedback. Such assumptions do not reflect the current WID or typical MTC traffic of small data packets, especially in the DL. Moreover, a peak rate of 0.936 Mbps can be provided by QPSK over 6 PRBs and this effectively matches the peak rate for Rel-12 MTC UEs. 

Observation 5: Supporting QPSK-only modulation can provide cost and implementation benefits for the new UE power class. No specification impact is expected (other than defining that Rel-13 MTC UEs support only QPSK). 
Observation 6: The maximum TBS for Rel-13 MTC UEs can be reduced to 100 Kbps or less. In case of coverage limited operation, the maximum TBS can be reduced to less than ~20 Kbps for Rel-13 MTC UEs.  
Reduced PDSCH/PUSCH data processing
A relaxed HARQ timeline is necessary for coverage limited operation. For normal coverage operation, a relaxed HARQ timeline can be beneficial for HD-FDD UEs to avoid a limitation in peak data rates. For example, there can be more UL subframes than DL subframes or, in general, the number of DL subframes and UL subframes per frame can be according to the traffic needs, if the 8 subframe HARQ RTT is relaxed. Peak data rates can also be improved as the number of successive DL subframe or UL subframes, without the overhead of switching subframes, can increase. A relaxed HARQ timeline can also assist with the UE processing requirements, particularly for scheduling by EPDCCH, but this is not a strong motivation as the processing time is already sufficient, even for scheduling by EPDCCH, since the DL/UL data transport blocks are small.

As was discussed in Rel-12, for HD-FDD UEs the number of HARQ processes can be reduced [3]. For example, the number of HARQ processes can be reduced from 8 to 3. However, the cost savings are only about 0.6% (and will be even less if the Rel-12 maximum TBS of 1000 bits is reduced) while some (probably small) specification impact and scheduler impact are expected. 
Observation 7: It can be beneficial to relax HARQ timelines, particularly for HD-FDD UEs. Reduction in the number of HARQ processes can be considered if beneficial to other designs (the motivation only for cost savings is minor).  
4 Conclusions

This contribution considered aspects related to UE-specific control channels and UE-specific data channels for Rel-13 MTC UEs. In particular, the following observations are made for the areas identified in the WID.
Observation 1: EPDCCH is not essential for supporting Rel-13 MTC UEs and can remain an optional feature for Rel-13 MTC UEs (and for Rel-13 networks supporting Rel-13 MTC UEs).

Observation 2:PHICH functionality can be provided by adaptive PUSCH retransmissions for normal operation. FFS for coverage limited operation.
Observation 3: PUCCH Format 1/1a can be supported without significant complexity or overhead. Support for PUCCH Format 2 is less beneficial. 

Observation 4: TM1 and TM2 suffice for PDSCH transmissions. Marginal impact on system or UE spectral efficiency exists from not supporting additional PDSCH TMs. No specification impact is expected (other than defining the PDSCH TMs for Rel-13 MTC UEs). 
Observation 5: Supporting QPSK-only modulation can provide cost and implementation benefits for the new UE power class. No specification impact is expected (other than defining that Rel-13 MTC UEs support only QPSK). 
Observation 6: The maximum TBS for Rel-13 MTC UEs can be reduced to 100 Kbps or less. In case of coverage limited operation, the maximum TBS can be reduced to less than ~20 Kbps for Rel-13 MTC UEs.  
Observation 7: It can be beneficial to relax HARQ timelines, particularly for HD-FDD UEs. Reduction in the number of HARQ processes can be considered if beneficial to other designs (the motivation only for cost savings is minor).  
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