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1 Introduction

During RAN #65 meeting, “New WI proposal: Further LTE Physical Layer Enhancements for MTC” ([1]) was approved. The general objective is to specify a new UE for MTC operation in LTE that also allows for enhanced coverage compared to existing LTE networks and low power consumption, with three main objectives:

· Specify a new Rel-13 low complexity UE category/type for MTC operation in any LTE duplex mode.
· Target a relative LTE coverage improvement – corresponding to 15 dB for FDD.
· Provide power consumption reduction for the UE category/type defined above, both in normal coverage and enhanced coverage, to target ultra-long battery life.
Considerations on PDSCH/PUSCH enhancement for Rel-13 low complexity UEs and details of coverage enhancement and power consumption analysis for physical data channels are discussed in this contribution.
2 Narrow band for PDSCH/PUSCH
Followings are three options about the narrow band allocation for PDSCH/PUSCH.
Option 1: The narrow band for PDSCH/PUSCH can be in any position of the entire system bandwidth. That is, Rel-13 low complexity UEs can be scheduled in any PRB(s) within any 6 consecutive PRBs.
Option 2: The entire bandwidth is divided into multiple non-overlapped narrow bands, and Rel-13 low complexity UE’s PDSCH/PUSCH can be scheduled within one of them. For example, 20MHz system bandwidth is predefined as 16 or 17 non-overlapped narrow bands. The scheduling flexibility of this option is slightly worse compared with option 1, but the overhead of resource allocation may be less.
Option 3: Some narrow bands are predefined or semi-static configured by eNB for Rel-13 low complexity UEs. If the number of the narrow bands is small enough, the overhead of resource allocation will be further reduced compared with option 2.
In downlink, the legacy UEs may be scheduled based on the RBGs. For option 2 and 3, in order to reduce impact on scheduling of legacy UEs, narrow band allocation should try to avoid fragmenting the RBGs as much as possible. Then, narrow bands may be aligned with RBGs. 
For Rel-13 low complexity UEs with reduced bandwidth of 1.4MHz, SRS would occupy 4 PRBs. If the uplink narrow band consists of two partial SRS bandwidth with 4 PRBs as in Figure 1(a), the SRS transmission for Rel-13 low complexity UEs may be truncated and it may cause non-orthogonal interference to SRS of the legacy UEs. In order to avoid this problem, the narrow band can include only one SRS with 4 PRBs bandwidth as shown in Figure 1(b) and 1(c).
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Figure 1. Relationship between uplink narrow band and SRS
Observation 1: The configuration of narrow bands would be influenced by the positions of RBGs or SRS.
3 Considerations on Rel-12 agreements
In RAN1 #75 meeting, agreements on PDSCH/PUSCH were achieved as below:
“Agreements:
· 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.

· 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 PDSCH/PUSCH coverage enhancement, “Repetition of PDSCH/PUSCH across multiple sub-frames”, “multiple repetition levels in time domain”, and “Assigned PDSCH is transmitted not before end of (E)PDCCH” should be taken as the baseline in Rel-13. Further detailed studies are needed on the number of multiple repetition levels and adjustment mechanism. The relation of PDSCH timing to EPDCCH timing should be confirmed and the interval value k should be fixed. Relation of PUSCH timing to EPDCCH timing also need to be confirmed whether maintaining the present timing or not. UL HARQ should be considered combined with solution of PHICH coverage enhancement. 
Proposal 1: Coverage enhancement of traffic channels in Rel-13 should take repetition/TTI bundling as the baseline, and focus on the specific design which at least includes confirming the details of multiple repetition levels, relation of PDSCH/PUSCH timing to EPDCCH timing etc.
4 The relation of PDSCH/PUSCH timing to (E)PDCCH
In Rel-12 , it was 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) ”. It is not clear whether or not uniform “k” value is used for different coverage enhancement levels. 

Even for maximum coverage enhancement level, the corresponding “k” value will not be very large and usually no more than 4. Compared with delay requirement, the delay caused by “k” value will be ignorable. Multiple “k” values will bring more standardization work and implementation complexity, which is not helpful for cost reduction. The relation of PDSCH timing to EPDCCH timing should be confirmed and the interval value k should be fixed in the specification.
Proposal 2: Time offset value ‘k’ is fixed in specification, and the same “k” value is used for different coverage enhancement levels of PDSCH timing to EPDCCH timing. 
In legacy FDD system, the starting sub-frame of transmission of PUSCH would be the 4th sub-frame after the EPDCCH transmission. Under the coverage enhancement scenario, even if the number of maximum blind detection for EPDCCH repetition is large, 4 sub-frames are enough for EPDCCH repetition processing. Relation of PUSCH timing to EPDCCH timing should maintain the existing 4 sub-frames timing.

Proposal 3: Relation of PUSCH timing to EPDCCH timing should maintain the existing 4 sub-frames timing.
5 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 inefficient for packet retransmission. PHICH is used to convey HARQ-ACK for PUSCH transmission for legacy UEs. As for Rel-13 low complexity UEs in coverage enhanced mode or not, repetition for PHICH cannot be used. Alternatively, the functionality of PHICH can be replaced by EPDCCH for coverage enhanced MTC UEs. Relay-like HARQ operation pattern could be considered for coverage enhanced MTC UEs as discussed in [2]. Considering the overhead of replacing functionality of PHICH by EPDCCH may be large, a compact DCI format can be considered.
Proposal 4: UL HARQ mechanism should be reserved for coverage enhanced MTC UEs, and functionality of PHICH can be replaced by EPDCCH.

Multiple HARQ processes may not be required for low data rate, and functionality of PHICH can be implemented by UL Grant in EPDCCH, 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.
Proposal 5: Similar to downlink, asynchronous uplink HARQ mechanism can be used for PUSCH and corresponding HARQ-ACK transmission in coverage enhancement scenario.
6 Reduction of repetition times 
Besides coverage enhancement for MTC UEs, methods of reduction of power consumption or repetition times should be considered. Reduced TBS with shortened CRC can reduce the repetition times for PDSCH/PUSCH since MTC traffic may be small. Frequency hopping and increased reference symbol density may reduce the repetition times for PDSCH/PUSCH. PDSCH/PUSCH repetitions can be early terminated on consideration of changing of radio condition. Early termination can be further implemented by block transmission. In block transmission, hundreds number of repetition could be divided into some blocks to transmit successively. If the UE had successfully decoded the data before the last block by combination of previous blocks, resources allocated for the rest of block(s) transmission would be released. This would happen due to not too accurate repetition times or dynamic channel change. This would bring benefit when repetition times of feedback channels carried ACK/NACK is much less than that of PDSCH/PUSCH.
According to simulation assumption in Annex table A.1-1, for frequency hopping with hopping distance is “outside 6PRB” [3], simulation result in Figure A.1-1 shows the gains are about 1~2dB. For each repetition times, different hopping frequency (N=1, 4, 8, 16 SF) has little impact on hopping gains. On consideration of returning time, smaller hopping frequency would not be supported. In addition, from simulation results in Figure A.1-2, hopping gain is next to nothing when hopping distance is “within 6PRB” [3]. On consideration of hopping performance, hopping within 6PRB would not be supported. As shown in Figure A.1-3, the gain of shorten CRC reduced from 24bits to 8bits is less than 1dB. The gains of shorten CRC reduced from 24bits to 8bits with MCS0, MCS5 and MCS9 are between 1.7dB and 0.5dB as shown in Figure A.1-4. Shorten CRC could be used for smaller TBS while false detection probability would increase. Shorten CRC used for PDSCH/PUSCH may have small specification impact. The impact of frequency hopping to other channels would also be considered in reduced bandwidth scenario. 
Observation 2: The gains of frequency hopping are about 1~2dB. And different hopping frequency has little impact on hopping gains. On consideration of returning time, smaller hopping frequency would not be supported. On consideration of hopping performance, frequency hopping within 6PRB would not be supported.
Observation 3: The gain of shorten CRC reduced from 24bits to 8bits is less than 1dB. Shorten CRC could be used for smaller TBS.
Proposal 6: Frequency hopping, reduced TBS with shorten CRC and early termination of repetitions can be further considered for PDSCH/PUSCH to reduce power consumption or repetition times. 
7 Conclusions
Coverage enhancement solutions for data and control channels are discussed in this contribution.  We have the following observations and proposals:

Observation 1: The configuration of narrow bands would be influenced by the positions of RBGs or SRS.
Observation 2: The gains of frequency hopping are about 1~2dB. And different hopping frequency has little impact on hopping gains. On consideration of returning time, smaller hopping frequency would not be supported. On consideration of hopping performance, frequency hopping within 6PRB would not be supported.
Observation 3: The gain of shorten CRC reduced from 24bits to 8bits is less than 1dB. Shorten CRC could be used for smaller TBS.
Proposal 1: Coverage enhancement of traffic channels in Rel-13 should take repetition/TTI bundling as the baseline, and focus on the specific design which at least includes confirming the details of multiple repetition levels, relation of PDSCH/PUSCH timing to EPDCCH timing etc.
Proposal 2: Time offset value ‘k’ is fixed in specification, and the same “k” value is used for different coverage enhancement levels of PDSCH timing to EPDCCH timing.
Proposal 3: Relation of PUSCH timing to EPDCCH timing should maintain the existing 4 sub-frames timing.
Proposal 4: UL HARQ mechanism should be reserved for coverage enhanced MTC UEs, and functionality of PHICH can be replaced by EPDCCH.
Proposal 5: Similar to downlink, asynchronous uplink HARQ mechanism can be used for PUSCH and corresponding HARQ-ACK transmission in coverage enhancement scenario.
Proposal 6: Frequency hopping, reduced TBS with shorten CRC and early termination of repetitions can be further considered for PDSCH/PUSCH to reduce power consumption or repetition times.
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Annex
A.1 Simulation assumptions and simulation results of PUSCH

Table A.1-1 Simulation assumptions
	Parameter
	Value

	System bandwidth
	10MHz

	Frame structure
	FDD 

	Carrier frequency
	2.0 GHz 

	Antenna configuration
	1x2, low correlation 

	Channel model
	EPA 1Hz

	MCS
	5    (0、9)

	TBS
	72   (16、136)

	Number of UL RBs
	1

	maximum transmit power
	20dBm

	channel estimation
	Real channel estimation. one estimate should be used for all 12 subcarriers in the PRB (i.e. no frequency dependent channel estimations should be used)

	If incremental redundancy or chase combining is used
	chase combining

	If symbol level combining before demodulation or  LLR(log likelihood ratio) combining after demodulation
	symbol level combining before demodulation

	Retune/switching time for frequency hopping
	At least 1ms

	Transmission mode
	TM1

	Frequency tracking error
	100Hz 

	Performance target
	10% iBLER
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Figure A.1-1 simulation results
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Figure A.1-2 simulation results
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Figure A.1-3 simulation results
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Figure A.1-4 simulation results
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