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1. Introduction
In RAN Plenary # 65 meeting, a new WID [1] was approved, to further reduce the complexity/cost of MTC device, to extend 15dB coverage, and to reduce power consumption both in normal coverage and enhanced coverage, to target ultra-long battery life. The general considerations on coverage extension for Rel-13 MTC UE are addressed in this paper.

2. Coverage Gap for Each Physical Channel under 15dB Improvement
Based on study in Rel-12 SI, the MCL of each physical channel for Category 1 UE is shown in Table 1. For FDD, the coverage gap for each channel targets to15dB coverage improvement is summarized in Table 2 with a MCL = 155.7dB, which is based on PUSCH of FDD, assuming TDD system can achieve the same MCL (155.7dB) as FDD. 
For Rel-13 Low cost MTC device, coverage loss is quite serious due to reduction of uplink transmission power, and single Rx (about 4dB coverage loss [2]). Moreover, bandwidth reduction may have 1~3dB coverage degradation [2] because of the loss of frequency diversity gain for both uplink and downlink if there is no frequency hopping to compensate it. In a summary, for common channels (i.e., PRACH, PBCH, SCH), the coverage degradations come from uplink transmission power reduction for uplink channel (PRACH), single Rx for downlink channels (PBCH, SCH). For data and control channels, additional 1~3dB degradation due to lack of frequency diversity is expected if bandwidth is reduced, such as PUCCH, PUSCH, PDSCH and potential EPDCCH. As a result, the coverage degradation for both downlink and uplink is expected to be similar for data and control channels and 1~3dB less for common channels (assuming ~3dB uplink transmission power reduction). That is, the coverage gap is expected to be similar as category 1 UE shown in Table 2. The absolute MCL target with 15dB coverage gain is about 150dB. 
Observation #1: The absolute MCL target for Rel-13 MTC UE and other LTE UE is about 155.7dB and 150dB respectively. The coverage gaps for each physical channel are shown in Table 2.   
Table 1 MCL of each physical channel for Category 1 UE (unit:dB) [2]
	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


Table 2 Coverage Gap for Category 1 UE/Rel-13 MTC UE with Target MCL = 155.7/~150dB (unit:dB) 
	Physical channel name
	PUCCH (1A)
	PRACH
	PUSCH
	PDSCH
	PBCH
	SCH
	PDCCH (1A)

	(FDD) Category 1/
Rel-13 MTC UE
	8.5
	14/
- 1~3dB
	15
	10.3
	6.7/
- 1~3dB
	6.4/
- 1~3dB
	9.6

	 (TDD) Category 1 UE/
Rel-13 MTC UE
	6.3
	9/
- 1~3dB
	8.3
	7.6
	6.7/
- 1~3dB
	6.3/
- 1~3dB
	8.8


3. Applicable Rel-12 Agreement for Coverage Improvement 
In Rel-12 WID, some progress has been made on coverage extension, and corresponding RAN 1 agreements can be referenced to [3]. Some agreements are applicable for Rel-13, but some agreements need to be revisited considering UE power consumption. Moreover, there are still some remaining issues needs to be solved from Rel-12 learning and some new challenges due to more ambitious cost reduction techniques in Rel-13.
MIB and SIBs
There were a lot of discussions in Rel-12 on the techniques for coverage extension of MIB, including intermittent transmission and repetition. However, since Rel-13 MTC devices cannot decode PHICH and the bandwidth is fixed to 1.4MHz, some information in MIB is not necessary. Therefore, it may be preferable to reconsider reducing the payload of MIB. In principle, we can follow the agreements in Rel-12 for coverage improvement for MIB if there is a PBCH with current or new payload. 
On the other hand, although RAN 2 made an agreement that “No need to introduce a new SIB unless we identify a SIB of which UEs in extended coverage mode would only need a small subset of the contained IEs. So far, no such SIB was identified” [4], it is also necessary to consider power consumption when specifying the solutions for system information. According to the analysis in [5] and [6], introducing a new MIB can help to reduce UE power consumption, which shall be reconsidered in Rel-13. When specifying the new SIB, the agreements for PBCH in Rel-12 can also be adopted as a design principle for new SIB. Moreover, it can be considered to combine MIB into the new SIB, since useful IEs in current MIB are quite limited for Rel-13 MTC devices. 

Proposal #1: Evaluate if MIB can be combined into the new SIB or if the payload of current MIB can be reduced first. If PBCH is kept, the agreements made in Rel-12 can be followed as a starting point for coverage enhancement. The agreements for PBCH can be considered as design principle for new SIB design.  
PRACH

The study on coverage enhancement of PRACH can start from the agreements in Rel-12. However, the accuracy of RSRP for coverage gap or path loss needs to be further studied. If necessary, the density of reference signal can be increased. Based on the result, the decision on how UE choose a starting level to ramp up can be made. In the meanwhile, UE power consumption needs to be considered. 
Relaxed “probability of missed detection” for PRACH is another potential technique to improve coverage. However, it may not only extend Tx/Rx period but also high UE power consumption and lower system efficiency, due to repeated unsuccessful trials. Careful study will be carried out in RAN 2, and also in RAN4 if needed. 
Proposal #2:  The study on coverage enhancement of PRACH can start from agreements in Rel-12. Carefully study the potential impact on UE power consumption and system efficiency for relaxing Pmiss of PRACH. 
Downlink control signals

Repetition across multiple subframes is identified as the solution for coverage improvement of PDCCH, and some agreements including timing relationship with PDSCH and PUSCH were made in Rel-12. For Rel-13 low cost MTC UE, PDCCH may not be supported due to limited bandwidth. However, the agreements for PDCCH can also be adopted for coverage improvement of EPDCCH, as well as the timing relationship with data channel. Other details are discussed in [7] including introducing a compact DCI. 
Another issue is whether the coverage of PDCCH needs to be improved for LTE normal UEs in coverage enhancement mode. Based on the study in Rel-12, there are more challenges to improve the coverage of PDCCH, such as higher block rate. Therefore, it is proposed not to improve the coverage of PDCCH. If LTE normal UEs want to operate in coverage enhancement mode, they need to be capable to decode EPDCCH, like Rel-13 MTC UE. 

Another open issue is whether CSS needs to be introduced in EPDDCH. It should be evaluated with new SIB, RAR and paging in coverage enhancement mode, where some analysis can be found in companion paper [5]. In general, it is worthy to consider EPDCCH-less operation for common channels at least, considering UE power consumption and spectral efficiency. 
Proposal #3: Adopt the agreements for PDCCH in Rel-12 as a starting point for coverage enhancement of EPDCH for Rel-13 MTC UE. If other UEs operate in coverage enhancement mode, they need to be able to decode EPDCCH for Rel-13 MTC UE with coverage extension. Further study on the EPDCCH-less operation at least for common channels. 
Other control channels

Since Rel-13 MTC UE cannot decode PHICH, PCFICH, and PUCCH, some new design may be needed. Alternatively, some control channels can be eliminated. Considering design complexity and backward compatibility, it is suggested to evaluate the functionality of these control channels for Rel-13 MTC UEs first in normal coverage. And if some control channels are necessary and need new design, the 15dB coverage extension shall be considered together. Moreover, similar to downlink control channels, if other normal UEs operate in enhancement coverage mode, they need to support the new designed channels for Rel-13 MTC UE.
Proposal #4: Evaluate the functionality of PHICH, PCFICH, PUCCH first for Rel-13 MTC UE in normal coverage first. If new physical channel(s) are needed, consider 15dB coverage extension when designing the new physical channels. Other UEs in coverage enhancement mode need to be able to support the new designed channel(s).  
Synchronization channels
In Rel-12 WI phase, the progress on coverage enhancement of synchronization channels is quite limited since legacy PSS/SSS can work, though a longer latency is expected. However, based on the discussion on UE power consumption in [6], it is observed that using PSS/SSS may result in a high UE power consumption. Considering the power consumption reduction target in Rel-13 WID, it is worthy to further study synchronization acquisition together with new SIB and paging design, especially for the UE waking up from PSM mode with a known cell ID and global timing. 

Proposal #5: Further study synchronization acquisition together with new SIB and paging design especially for the UE waking up from PSM mode with a known cell ID and global timing.  
Other issues
Based on the analysis above, the accuracy of some measurements may need to be verified, such as RSRP. In WID [1], one target is:
· 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 order to support configurable per UE and/or per channel and/or group of channels, current CQI/CSI feedback needs to be reviewed. Some level of channel quality information may need to be feedback to eNB so that eNB can schedule a proper repetition number to the UE in coverage enhancement mode to avoid unnecessary overhead and reduce power consumption at UE side. If new CQI for coverage enhancement mode is introduced, the reporting mechanism may also be further studied. 
In addition, the accuracy of frequency offset estimation based on CRS in legacy design had not been studied in Rel-12, but it may have problem in such a low receiving SNR range in coverage enhancement mode. The transmission/reception will be impacted, if it is hard to achieve an acceptable CFO estimation. Increasing the density of reference signal or introducing a new reference signal is optional solutions for this problem. The enhanced reference signal may also be used for other purposes, such as demodulation or synchronization. 
Proposal #6:  Further study on the current measurements including RSRP, channel quality information, and frequency offset estimation. Consider introducing new metric and mechanism of CQI feedback if it is helpful for spectral efficiency and achieve the goal of WID. 
4. Conclusion

In this paper, we analyzed the target of UE power consumption, discussed evaluation of current LTE UE power consumption with coverage extension and then provided some techniques to reduce UE power consumption. Some proposals are made based on the analysis:
Proposal #1: Evaluate if MIB can be combined into the new SIB or if the payload of current MIB can be reduced first. If PBCH is kept, the agreements made in Rel-12 can be followed as a starting point for coverage enhancement. The agreements for PBCH can be considered as design principle for new SIB design.  
Proposal #2:  The study on coverage enhancement of PRACH can start from agreements in Rel-12. Carefully study the potential impact on UE power consumption and system efficiency for relaxing Pmiss of PRACH. 

Proposal #3: Adopt the agreements for PDCCH in Rel-12 as a starting point for coverage enhancement of EPDCH for Rel-13 MTC UE. If other UEs operate in coverage enhancement mode, they need to be able to decode EPDCCH for Rel-13 MTC UE with coverage extension. Further study on the EPDCCH-less operation at least for common channels. 
Proposal #4: Evaluate the functionality of PHICH, PCFICH, PUCCH first for Rel-13 MTC UE in normal coverage first. If new physical channel(s) are needed, consider 15dB coverage extension when designing the new physical channels. Other UEs in coverage enhancement mode need to be able to support the new designed channel(s).  
Proposal #5: Further study synchronization acquisition together with new SIB and paging design especially for the UE waking up from PSM mode with a known cell ID and global timing.  
Proposal #6:  Further study on the current measurements including RSRP, channel quality information, and frequency offset estimation. Consider introducing new metric and mechanism of CQI feedback if it is helpful for spectral efficiency and achieve the goal of WID. 
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