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1 Introduction

The agreements on PDSCH/PUSCH coverage improvement in [1] are summarized as follows:
For UEs in enhanced coverage mode for MTC, if/when PDSCH is indicated via (E)PDCCH:

· The relation of PDSCH timing to (E)PDCCH timing shall be known to UE and shall not be configurable by higher layer parameter dedicated only for this purpose and shall not be indicated by (E)PDCCH. FFS on how to derive it or fixed by spec.

· Assigned PDSCH is transmitted not before end of (E)PDCCH, i.e., if subframe n is the last (E)PDCCH repetition then PDSCH start n + k (k > 0)
For UEs in enhanced coverage mode for MTC,
· Repetition of PDSCH across multiple sub-frames is supported.

· Multiple repetition levels in time domain are specified.

· Repetition of PUSCH across multiple sub-frames is supported.

· Multiple repetition levels in time domain are specified.
Repetition times needed for PDSCH/PUSCH, timing relationship between (E)PDCCH and PDSCH, and UL HARQ related aspects are discussed in this contribution.
2 Repetition Transmission for PDSCH/PUSCH
Considering 15dB coverage improvement target for FDD system, coverage target for PDSCH is about 14.3dB (considering 4dB coverage loss for 1Rx low cost MTC UEs) while coverage target for PUSCH is 15dB.
As discussed in [2], repetition in time domain, RS power boosting, increased RS density and PSD boosting can be applied to PDSCH for coverage improvement. And repetition, increased DMRS density, PSD boosting, frequency hopping (during repetition), shorter length CRC and code spreading are identified as techniques to enhance PUSCH for coverage. One or more solutions among the above identified techniques can be used for enhanced PDSCH/PUSCH coverage.
Repetition of PDSCH/PUSCH across multiple sub-frames may be required to achieve the coverage improvement target.  It is required to evaluate if current interference mitigation scheme is enough when the combination of repetitions and PSD boosting are applied.
Time domain repetition is the most important coverage improvement technique for almost all the physical channels. And the coverage improvement level (CL) for PDSCH/PUSCH should be determined first, such as UE choose one CL or eNB configure one CL according to RSRP/RSRQ, and the CL can be adjustable later. And there may be one fixed or more selectable repetition times for each coverage improvement level.
In order to improve the system efficiency, a fixed value of repetition times for PDSCH/PUSCH can be determined for each coverage improvement level. eNB and UE should reach a consensus on repetition times with each coverage improvement levels. For example, the required repetition times for PDSCH/PUSCH with different coverage improvement levels (based on the evaluation results in [3], only repetition method applied) are shown in Table 1.
Table1 Repetition times for PDSCH/PUSCH with different coverage improvement levels
	Coverage improvement target
	PDSCH Coverage improvement gap
	Required repetition times for PDSCH
	PUSCH Coverage improvement gap
	Required repetition times for PUSCH

	15dB
	14.3dB
	150
	15 dB
	100

	10dB
	9.3 dB
	25
	10 dB
	20

	5dB
	4.3 dB
	4
	5 dB
	4


Each coverage improvement level may correspond to one default repetition times. eNB can semi-statically or dynamically adjust coverage improvement level or repetition times for each coverage improvement level by higher layer or by physical layer according to spectral efficiency and overhead.
For PDSCH, transmission mode 1 (single-antenna port) or transmission mode 2 (transmit diversity) will be a better choice since any close-loop or multiplexing transmission mode is unsuitable for noise-limited extreme coverage scenario. In legacy LTE system, “zero-power-CSI-RS” signaling is indicated by RRC message from higher layer after initial access. In order to improve rate matching performance in the stage of initial access, adding “zero-power-CSI-RS” signaling in SIB may be considered.
For PUSCH, legacy frequency hopping can be used to achieve further coverage improvement or to reduce the repetition times.
For PDSCH/PUSCH, the same or different RVs could be used for repetition transmission. In the case of low code rate, which is computed based on single subframe, e.g., ≤1/3, the iBLER performance may be almost the same whether same or different RVs are used. In the case of high code rate, which is computed based on single subframe, e.g., >1/3, the iBLER performance may be better if different RVs are used.
The repetition times for PDSCH/PUSCH could be reduced if CRC size for small packets can be reduced. For smaller MTC packets, 24bits CRC is too large and it causes resource waste. As shown in [4], evaluated the PUSCH performance of CRC bits reduced from 24bits to 8 bits can bring about 2dB gain. 
Proposal 1: It is preferable that the coverage improvement level and repetition times for the PDSCH/PUSCH are adjustable through physical or high layer signaling.
Proposal 2: Reduction of CRC length is adopted for small size packets.
3  Timing relationship between (E)PDCCH and PDSCH
In last RAN1 meeting , it is agreed that “ For UEs in enhanced coverage mode for MTC, if/when PDSCH is indicated via (E)PDCCH, assigned PDSCH is transmitted not before end of (E)PDCCH, i.e., if subframe n is the last (E)PDCCH repetition then PDSCH start n + k (k > 0) ”. Whether uniform “k” value is used for different coverage improvement levels or not is not clear. 
Even for maximum coverage improvement level, the corresponding “k” value will not be very large, e.g. no more than 4. Compared with delay requirement, the delay caused by “k” value will be ignorable. Even though different “k” values are used for different coverage improvement levels, the corresponding transmission delay also will not have a significant improvement for a relative lower coverage improvement level. Multiple “k” values will bring more standardization work and implementation complexity, which is not helpful for cost reduction. 
Proposal 3: Same “k” value is used for different coverage improvement levels. Value “k” is fixed by specification.
4 UL HARQ Related Aspects
If the functionality of physical layer HARQ is removed, RLC layer ARQ mechanism may be used to ensure transmission quality. But RLC layer ARQ is low efficient for packet retransmission. PHICH is used to convey HARQ-ACK for PUSCH transmission. If repetition is used for PHICH coverage improvement, it may cause resource collision problem and interference problem to normal UEs. Alternatively, the functionality of PHICH can be replaced by (E)PDCCH for coverage improvement MTC UEs. Relay-like HARQ operation pattern could be considered for coverage improvement UEs, as discussed in [5].
Proposal 4: UL HARQ mechanism should be reserved, and functionality of PHICH can be replaced by (E)PDCCH.

Multiple HARQ processes may not be required for low data rate, and functionality of PHICH can be implemented by UL Grant in (E)PDCCH, then asynchronous uplink HARQ (similar to downlink ) will be a better choice for PUSCH and corresponding HARQ-ACK transmission. If UL Grant of the same process is not received within the predefined Timer, “ACK” would be assumed; otherwise, “NACK” would be assumed and UL-SCH data would be re-transmitted on the granted PUSCH resource.
In legacy FDD system, the starting sub-frame of repetition transmission of PUSCH would be the 4th sub-frame after the ending of (E)PDCCH repetition transmission. Under the coverage improvement scenario, if the number of maximum blind detection for (E)PDCCH repetition is enlarged, new timing between (E)PDCCH and PUSCH may need to be considered.
Proposal 5: Similar to downlink, asynchronous uplink HARQ mechanism should be used for PUSCH and corresponding HARQ-ACK transmission.
5 Conclusions
Repetition times needed for PDSCH/PUSCH, timing relationship between (E)PDCCH and PDSCH, and UL HARQ related aspects are discussed in this contribution.  We propose the following:
Proposal 1: It is preferable that the coverage improvement level and repetition times for the PDSCH/PUSCH are adjustable through physical or high layer signaling.

Proposal 2: Reduction of CRC length is adopted for small size packets.
Proposal 3: Same “k” value is used for different coverage improvement levels. Value “k” is fixed by specification.
Proposal 4: UL HARQ mechanism should be reserved, and functionality of PHICH can be replaced by (E)PDCCH.

Proposal 5: Similar to downlink, asynchronous uplink HARQ mechanism should be used for PUSCH and corresponding HARQ-ACK transmission.
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