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1 Introduction

A new work item of “Further LTE Physical Layer Enhancements for MTC” has been agreed in Rel-13 [2]. This WI proposes to improve coverage of low complexity MTC UEs in Rel-13 by specifying some coverage enhancement techniques. The objectives relating the coverage enhancement aspect of this WI is captured as follows [2]:
· Target a relative LTE coverage improvement – corresponding to 15 dB for FDD – for the UE category/type defined above and other UEs operating delay tolerant MTC applications with respect to their respective nominal coverage. 

· The following techniques (which shall be applicable for both FDD and TDD) can be considered to achieve this:

· Subframe bundling techniques with HARQ for physical data channels (PDSCH, PUSCH)

· Elimination of use of control channels (e.g. PCFICH, PDCCH)

· Repetition techniques for control channels (e.g. PBCH, PRACH, (E)PDCCH)

· Either elimination or repetition techniques (e.g. PBCH, PHICH, PUCCH)
· Uplink PSD boosting with smaller granularity than 1 PRB
· Resource allocation using EPDCCH with cross-subframe scheduling and repetition (EPDCCH-less operation can also be considered)

· New physical channel formats with repetition for SIB/RAR/Paging

· A new SIB for bandwidth reduced and/or coverage enhanced UEs

· Increased reference symbol density and frequency hopping techniques

· Relaxed “probability of missed detection” for PRACH and initial UE system acquisition time for PSS/SSS/PBCH/SIBs can be considered as long as the UE power consumption impact can be kept on a reasonable level.

· The amount of coverage enhancement should be configurable per cell and/or per UE and/or per channel and/or group of channels. Relevant UE measurements and reporting to support this functionality should be defined.
In this contribution, we discuss the coverage enhancement target and techniques for Rel-13 low complexity UEs and provide some observations and proposals at the end. 

2 Coverage enhancement target for Rel-13 low complexity UEs
From the above WI description, it is proposed to specify coverage enhancement target of 15dB at least for FDD mode. However, a question for understanding the WID was raised offline during last RAN1 meeting on which UE category the target of 15dB is based on in Rel-13. During the SI phase, it was assumed that the amount of coverage enhancement for different channels was in comparison to “UE Cat 1” because in general UE Cat 1 defines nominal LTE cell coverage as a baseline. Table 1 below shows the summary of Maximum Coupling Loss (MCL) for different channels based on UE Cat 1 [1]. It shows that PUSCH channel has lowest value of 140.7 dB and by improving 15dB, the MCL target becomes 155.7dB.
           Table 1. Summary of MCL from Table 9.2.1-1 of TR 36.888 in dB
	Physical channel name
	PUCCH (1A)
	PRACH
	PUSCH
	PDSCH
	PBCH
	SCH
	PDCCH (1A)

	MCL (FDD)
	147.2
	141.7
	140.7
	145.4
	149.0
	149.3
	146.1

	MCL (TDD)
	149.4
	146.7
	147.4
	148.1
	149.0
	149.3
	146.9

	Note1: eNB is assumed with 2 Tx and 2 Rx in FDD systems.

Note2: eNB is assumed with 8 Tx and 8 Rx in TDD systems.

Note 3: PHICH is neglected and the function of PHICH can be implemented by PDCCH in case of cell edge.


The above reference MCL calculation is based on UE Cat 1 with 2Rx and 1Tx, and 20MHz system bandwidth. However, low complexity UE in Rel-12 (Cat 0) with 1Rx antenna would have less coverage than UE Cat 1 due to loss of receive diversity (~ 4dB). Moreover, low complexity UE in Rel-13 may have an additional frequency diversity loss (~1-3dB) due to reduced bandwidth for both downlink and uplink transmissions. Therefore, if the coverage enhancement target of 15dB is relative to each UE category’s nominal coverage, there will be a coverage gap for delivering the same service on different MTC UE categories in the same cell range. In our view, at least in coverage enhanced mode, the coverage gap for delivering the same service on different MTC UE categories in the same cell has to be avoided. It can be done so that the relative coverage enhancement target should be based on nominal LTE cell coverage (i.e. UE Cat 1) and all other UE Categories should aim to reach the MCL target of UE Cat 1 in coverage enhanced mode.

Furthermore, while the coverage enhancement target is based on UE Cat 1, common technical solutions has to be applied for different UE categories when aiming to reach the required target, for example by implementing a different amount of repetitions based on UE category as well as its prevailing channel condition.
Observation: If the coverage enhancement target is relative to each UE category’s nominal coverage, there will be a coverage gap for delivering the same service on different MTC UE categories in the same cell range.
Proposal 1: The coverage enhancement target of 15dB should be based on UE Cat 1 and all other UE Categories should aim to reach the MCL target of UE Cat 1 in coverage enhanced mode.

3 Coverage enhancement techniques for Rel-13 low complexity UEs
The main candidate technique for coverage enhancement is the repetition in time domain with some additional complementary techniques such as RS power boosting, PSD boosting, cross-subframe channel estimations and frequency diversity transmissions (e.g. frequency hopping).

Repetition in time domain: As already evaluated in the SI phase [1], repetition in time domain can achieve the required target coverage improvement. However, for the worst case scenario, the amount of repetitions needed for EPDCCH/PDSCH/PUSCH/PUCCH/PRACH/PBCH is very excessive causing significant cell spectral efficiency degradation as well as more UE power consumption. Nevertheless, as each UE’s coverage level can be assumed to be known at the eNB, for example from the initial PRACH repetition level or reported RSRP measurements, so, it is preferable to have different amount of repetitions targeting different levels of coverage improvement, for example 5dB, 10dB and 15dB.
Proposal 2: Repetition in time domain should be adopted for EPDCCH/PDSCH/PUSCH/PUCCH/ PRACH/PBCH 

Proposal 3: Consider different amount of repetitions targeting different levels of coverage improvement.

TTI bundling where a single transport block is coded and transmitted in a set of consecutive subframes with at least single decoding attempt of the bundle at the receiver is inline with current LTE specifications at least for uplink transmissions, so, in principle, the form of repetition for PDSCH/PUSCH should be TTI bundling combined with HARQ retransmissions.
To reduce the amount of repetitions that have significant impact on cell spectral efficiency in the network as well as UE power consumption, some of the following additional complementary techniques should be considered:

· RS power and PSD boosting are currently supported in LTE downlink which improves the performance. However, if higher boosting is required than currently supported by the LTE specification, some discussion is needed how much boosting is possible and its impact on RAN4 requirements. For uplink, we assume that UE is already using its maximum transmission power, so there may not be any further power boosting applicable.  

· Cross-subframe channel estimation in which data is transmitted on same consecutive RBs in time domain may improve the channel estimation and as a result improves the decoding performance.

· Frequency diversity transmission: while cross-subframe channel estimation may be useful, but there is also a clear benefit from diversity transmission such as frequency hopping [5]. Therefore, by getting a right balance between the cross-subframe channel estimation and frequency hopping, it should be possible to harvest both of these gains at least for downlink EPDCCH/PDSCH transmission. As shown on Figure 1 below, it should be possible to transmit PDSCH/EPDCCH within the same 6PRB-pairs (1.4MHz) at least for two consecutive subframes, then hop or make cyclic shift to the next 6PRB-pairs assuming that the retuning/switching time is not more than the three OFDM symbols occupied by PDCCH channel for the legacy UEs. Furthermore, it should be noted that UL frequency hopping for PUSCH is already being supported in the current specification, however, the allowable switching/re-tuning time (e.g. ~0 ms, 1 ms) should be determined by RAN4.
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     Figure 1. Frequency hopping/cyclic shift of 6PRB-pairs in every two subframes
· Increased DMRS density for PUSCH: It has been shown that increased DMRS density (e.g., doubled DMRS symbols) improves the accuracy of the channel estimation, and also reduce the number of repetitions to achieve coverage gain [5]. So, increased DMRS density can be considered at least for PUSCH.
· Relaxed requirements for “probability of miss detection”: For PRACH requirement, probability of miss detection can be relaxed from 1% to 10% depending on required coverage level [4]. In addition, the initial UE system acquisition requirement for PSS/SSS/PBCH/SIBs can also be relaxed. 
Proposal 4: Some additional complementary techniques that can reduce the number of repetitions in time domain should be considered. 

Conclusion

In this contribution, we have discussed the coverage enhancement target and techniques for Rel-13 MTC UEs and we have the following proposals: 

Observation: If the coverage enhancement target is relative to each UE category’s nominal coverage, there will be a coverage gap for delivering the same service on different MTC UE categories in the same cell range.
Proposal 1: The coverage enhancement target of 15dB should be based on UE Cat 1 and all other UE Categories should aim to reach the MCL target of UE Cat 1 in coverage enhanced mode.

Proposal 2: Repetition in time domain should be adopted for EPDCCH/PDSCH/PUSCH/PUCCH/ PRACH/PBCH 

Proposal 3: Consider different amount of repetitions targeting different levels of coverage improvement.
Proposal 4: Some additional complementary techniques that can reduce the number of repetitions in time domain should be considered. 
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