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1. Introduction
In RAN #57, the study item description (SID) [1] has been updated which extends the scope to include study of coverage enhancements: 
A 20dB improvement in coverage in comparison to defined LTE cell coverage footprint engineered for “normal LTE UEs” should be targeted for low-cost MTC UEs, using very low rate traffic with relaxed latency (e.g. size of the order of 100 bytes/message in UL and 20 bytes/message in DL, and allowing latency of up to 10 seconds for DL and up to 1 hour in uplink, i.e. not voice). In identifying solutions, any other related work agreed for Release 12 should be taken into account.
In this paper, we analyze the system functionalities that may or may not be required or may be simplified for low-cost MTC devices in a coverage hole.
2. Discussion on Required System Functionality
2.1. Cell Synchronization and Cell Search
UE acquires time and frequency synchronization with a cell and detects the cell ID of that cell by cell search procedure. To assist the cell search, the primary and secondary synchronization signals, PSS and SSS are transmitted. For the MTC UEs in coverage hole, cell search is still needed to detect the cell ID and acquire synchronization, at least when MTC UEs power up and initially access the system. 
We still envision the following requirements:
· Initial timing and frequency acquisition via PSS/SSS, as well as cell ID detection.
· Timing and frequency tracking, to the point that induced error is negligible compared to the noise floor. Given the low SNR expected under extreme coverage scenario, we expect a much larger tolerable timing and frequency error.
· Other than for initial network entry after power-on, MTC UEs in extreme coverage scenarios are not required to perform timing/frequency acquisition or cell ID search as required for normal cell reselection.   
For the initial acquisition procedure, the latency requirement can be relaxed. Some simulation results and details analysis are given in [2], which shows that with a longer acquisition time, the coverage of synchronization channel can be improved and meet the new requirements. Power boosting the synchronization signals can also improve the coverage. However, this may affect normal UE’s cell reselection behavior. Introducing additional symbols is another method to improve the coverage, which has impact on specification and spectral efficiency. 
Proposal # 1:  Supporting cell search is required. With a relaxed time requirement, synchronization channel can achieve the new coverage requirement. Therefore, there is no need to change RAN1 specification. 
2.2. System Information
Once a UE synchronizes to a cell, the UE needs to acquire the cell system information. In LTE, system information is delivered by two different mechanisms within two different channels:
· The master information block (MIB) is transmitted using PBCH, which contains SFN, system bandwidth, PHICH configuration, and also the number of transmit antenna ports. 
· Other system information, system information blocks (SIBs), is transmitted using PDSCH. 
MIB
MIB is transmitted in PBCH every 40ms on the 72 centre subcarriers and the information in MIB changes every 4 radio frames. It is hard to combine PBCH containing different information bits (i.e., SFN changes every 4 radio frames). 
Power boosting may improve the coverage of PBCH. Power boosting to bridge a large gap of 11.7dB [3] means to increase the Tx power density by up to 15 times. This needs to concentrate all Tx power for a 20MHz (100PRB) system to 6PRB. However, interference to neighbor cells needs to be further studied, as well as impact to legacy UE behavior. 
Increasing PBCH resource allocation is another possible solution. Rather than on the 72 center subcarriers in the first four OFDM symbols of the second slot of subframe 0, additional resources can be used. For example, using all the OFDM symbols of subframe 0, or repetition the same information on other subframes (e.g., subframe 5). As long as we can keep the original PBCH unchanged and avoid scheduling legacy UEs on the additional resources, there should be no impact to legacy UEs. 
Based on the discussion in the last meeting [3], in order to get 20dB coverage enhancement, the gap of PBCH is around 11.7dB, which needs around 15 times more resources. Considering the low-cost MTC UE might only have 1.4MHz and that for TDD mode only subframe 0 and subframe 5 are always downlink, the available resources can be used is not enough. A new PBCH may be needed if the same MIB content needs to be broadcasted. 
Given the expected very low spectral efficiency of MTC UEs in coverage holes, it is worthwhile to explore the removal/reduction of MIB.  For example, SFN is still needed for SIB decoding, but it may make sense to combine a minimal set of essential system information together in a new broadcast channel that could be a special PDSCH. PHICH is needed for UL-HARQ, but the functionality and effectiveness of HARQ can be investigated if ACK/NACK transmission itself becomes non-trivial for MTC UEs in extreme coverage scenarios. 
Proposal # 2:  It is worthwhile to explore the removal/reduction of MIB. Further study and evaluation on a well-designed broadcast channel carrying essential system information for MTC UEs in bad coverage is needed to ensure it can achieve the coverage requirement.
SIB

SIBs are transmitted on PDSCH. In order to decode legacy SIBs, UE needs to decode PCFICH, PDCCH and PDSCH one by one. Decoding SIBs, essentially, is decoding PDSCH. The techniques discussed for data channels [4] are applicable here, including the possibility of blindly detecting data channel without the need of any control channel. By allocating more resources (frequency domain or time domain), the downlink data channel can be successfully decoded in the extreme coverage scenarios. 
SIBs carry other critical system information, such as, whether a UE is allowed to camp on the cell and TDD configuration in SIB1; uplink cell bandwidth, random-access parameters, uplink power control parameters in SIB2; information related to cell reselection in SIB3 and so on. Some information is necessary for MTC UEs but some other may not be necessary for MTC UEs or predefined/simplified. Considering a dedicated SIB for MTC UEs will allow us to ensure the coverage of the dedicated SIB. It is also possible to combine MIB and SIBs that are essential to MTC UEs in a special broadcast channel. 
Proposal # 3:  Considering to introduce a dedicated SIB for MTC UEs, possibly in together with a simplified MIB, to be delivered in a special downlink broadcast data channel with enhanced coverage.
2.3. Random Access
Random access is used for several purposes: initial access to establish a radio link; re-establish a radio link after radio-link failure; establish uplink synchronization during handover; request UL grant; and so on. The random access procedure takes two distinct forms: contention based and non-contention based. Random access is needed for a MTC UE to establish a radio link.
UE transmits a PRACH preamble in the first step. For FDD system, the coverage gap for PRACH is 19dB [3].  A longer PRACH preamble format can improve the coverage of PRACH. Repetition of the legacy PRACH preamble format is another solution. Both of them improve the coverage by accumulation more energy and have specification impact (RAN 1 and/or RAN 2). 
Note that not all the MTC UEs require coverage enhancement, or even if needed, the amount of enhancement requirement will be different. A 20dB gap requires 100 times of more resources/power, while 10dB only requires 10 times more. Since much more resources will be used to enhance coverage, it is important for eNB to know whether a MTC UE should operate in an “enhanced coverage mode”. Since after UE acquires synchronization and essential system information, UE can estimate the pathloss from CRS (or reduced CRS). UE can indicate to eNB that it is in an extreme coverage scenario, via the use of a new PRACH waveform as discussed here.   

Proposal # 4:  It is important for eNB to know if a MTC UE needs to be served in an “enhanced coverage mode” via the use of a coverage- enhanced PRACH waveform.
Different PRACH configurations can be chosen by UEs based on the estimated pathloss according to some predefined or broadcasted rule. For example, different physical resources or different preamble sequence can indicate different ranges of pathloss. Based on the physical resources or preamble sequence chosen by the UE, eNB can schedule appropriate uplink resource to the UE for transmitting message 3. A different PRACH/RACH configuration from that for legacy UEs needs to be signaled. This information may include in the dedicated SIB for MTC UEs. 
In the second step, eNB transmits a random access response (RAR) in PDSCH, which conveys RA-preamble identifier, Timing Alignment information, initial UL grant and assignment of Temporary C-RNTI. RAR transmission is similar to PDSCH transmission, so the enhancements of PDSCH discussed in [4] are applicable.
UE transmits a Message 3 on PUSCH following the scheduled grant from eNB after successfully decoding the RAR. If eNB has some information on the pathloss from message 1, eNB could allocate enhanced PUSCH to the UE. In this case, HARQ-ACK on PHICH to ACK/NACK Message 3 may not be necessary for contention based random access procedure. UE can directly expect for the contention resolution.
 Contention resolution (Message 4) is transmitted on PDSCH after PDCCH. The techniques for coverage enhancement on PDSCH and PDCCH should be applicable. 
Moreover, it may be worth to further study the message size or other higher layer messages for RRC connection (re-)establishment. 
Proposal # 5:  Random access is needed. A separated resource for PRACH/RACH can be dedicated to MTC UEs in enhanced coverage mode where the PRACH resource indication can be included in the dedicated SIB for MTC UEs. Further optimization may be worthwhile, such as different PRACH configurations and further study the RRC connection (re-)establishment message.
2.4. DL Control Signaling
In LTE system, PDSCH and PUSCH resource allocation is indicated in (E)PDCCH. Some coverage enhancement techniques for downlink control channel are discussed in [5]. The coverage of PDCCH/EPDCCH can be improved by repetition in time domain (i.e., coverage-enhanced PDCCH/EPDCCH). PCFICH may be not necessary if we can fix the OFDM symbols for PDCCH. When multiple subframes are required for control channel, the system design deviates from the normal LTE where control and PDSCH are contained in the same subframe. PDSCH may need a different number of retransmissions than PDCCH/EPDCCH, depending on the number of resources or power allocated for PDSCH and coverage-enhanced PDCCH/EPDCCH. So resource allocation becomes a challenge for both control and data channels. Note that ideally the eNB should not use a maximal retransmission all the time because the amount of retransmission required for MTC UEs in extreme coverage scenarios still varies from UE to UE. Extending current PDCCH/EPDCCH search space to include a set of candidate time-domain retransmission for coverage-enhanced PDCCH/EPDCCH allows eNB to use a flexible number of retransmissions without introducing another level of dynamic control information. When coverage-enhanced PDCCH/EPDCCH is used to indicate a DL grant, the coverage-enhanced PDSCH may be sent together with coverage-enhanced PDCCH/EPDCCH using the same retransmission pattern. This will allow the UE to combine the received signal in the same way as PDCCH/EPDCCH coherent combining and/or soft bits combining as discussed in [5]. 
Proposal # 6:  Introduce coverage-enhanced PDCCH/EPDCCH with across-subframe retransmission. Extending the current PDCCH/EPDCCH search space to include a set of candidate time-domain retransmission for coverage-enhanced PDCCH/EPDCCH allows eNBs to use a flexible number of retransmissions.
2.5. Resource Allocation and PDSCH 
For MTC UEs in extreme coverage mode, the transport block size in DL can be small (e.g., 20 bytes/message in 10 seconds). In fact, there may be only a few different types of TBS to support typically. More importantly, due to challenging, it may be typical to see a large set of the resources in the frequency allocated for PDSCH, with additional repetitions in time domain. As a result, resource allocation in frequency and/time may not need to be very dynamic. A few possible locations in the frequency domain and a few candidates in the time-domain repetition may provide adequate scheduling flexibility, while the transmission format (e.g., MCS) can be fixed. In this case, a blindly-detected coverage-boosted PDSCH can be introduced without requiring any control channel. As discussed in [4], the overhead for DCI message in termed of required REs can be more than twice of the REs used for PDSCH. It can be beneficial to remove/reduce control overhead while maintaining flexibility in resource allocation.
Proposal # 7:  Consider to introduce blind detection on coverage-enhanced PDSCH to reduce/remove control overhead while still maintaining resource allocation flexibility. 
2.6. HARQ and PUCCH
In general, HARQ can improve the coverage. However, in LTE system, HARQ relays on feedback and the HARQ feedback for uplink and downlink is transmitted on PHICH and PUCCH/PUSCH respectively.  
Instead of enhancing PHICH and PUCCH, it is worthwhile to explore the possibility of removing HARQ and PUCCH. MAC layer ARQ can be relied on if there is no HARQ. Even if keeping HARQ, PHICH can be replaced with UL grant transmitted in PDCCH (which is needed for new data indication any way). Considering the use cases for MTC devices in [6], command-response traffic is a downlink command and followed by an uplink report. eNB can assume the downlink command is successfully decoded if received a uplink report. The other use cases, exception reports and periodic reports, do not involve downlink HARQ feedback. DL-centric operation may not be the main use case for metering application. If DL-HARQ is absolutely required and cannot be piggy back with PUSCH, a dedicated PUSCH for ACK/NACK is possible. As far as PUCCH for CQI report and SR, for a fixed MTC device in a bad coverage, these reports may not that useful. 
Proposal # 8:  Study further if PHICH and PUCCH can be removed for MTC UEs operating in extreme coverage scenarios. 
3. Proposed TP
-------------------------------------------------------Start of TP (Sec 9.3)---------------------------------------------

9.3. Required system functionality
Cell Synchronization and Cell Search
Cell synchronization and cell search is required, as for normal LTE. With a relaxed latency requirement, existing PSS/SSS may achieve the new coverage requirement (see 9.5.1). 
System Information
MTC UEs in extreme coverage scenario still needs some essential system information. It is worthwhile to explore the removal/reduction of MIB. Further study and evaluation on a well-designed broadcast channel carrying essential system information for MTC UEs in bad coverage is needed to ensure it can achieve the coverage requirement. Consider to introduce a dedicated SIB for MTC UEs, possibly in together with a simplified MIB, to be delivered in a special downlink broadcast data channel with enhanced coverage.

Random Access
RACH is required for MTC UEs in extreme coverage scenarios. A separated resource for PRACH/RACH can be dedicated to MTC UEs in enhanced coverage mode where the PRACH resource indication can be included in the dedicated SIB for MTC UEs. Further optimization may be worthwhile, such as different PRACH configurations and further study the RRC connection (re-)establishment message. It is also important for eNB to know if a MTC UE needs to be served in an “enhanced coverage mode” via the use of a coverage- enhanced PRACH waveform.
DL Control Signaling
Control signaling for at least UL grant is still necessary.  Introduce coverage-enhanced PDCCH/EPDCCH with across-subframe retransmission. Extending the current PDCCH/EPDCCH search space to include a varying number of time-domain retransmissions for coverage-enhanced PDCCH/EPDCCH allows eNBs to use a flexible number of retransmissions. 
Resource Allocation and PDSCH
Coverage enhanced PDSCH can be achieved with more resource allocation, power boosting, and retransmission. Consider to introduce blind detection on coverage-enhanced PDSCH to reduce/remove control overhead while still maintaining resource allocation flexibility.
HARQ and PUCCH

Study further if PHICH and PUCCH can be removed for MTC UEs operating in extreme coverage scenarios.
-------------------------------------------------------end  of TP (Sec 9.3)---------------------------------------------

4. Conclusion
In this contribution, we shared some observations and views on potential coverage enhancement techniques on downlink control channel for low-cost MTC. 

Proposal # 1:  Supporting cell search is required. With a relaxed time requirement, synchronization channel can achieve the new coverage requirement. Therefore, there is no need to change RAN1 specification. 
Proposal # 2:  It is worthwhile to explore the removal/reduction of MIB. Further study and evaluation on a well-designed broadcast channel carrying essential system information for MTC UEs in bad coverage is needed to ensure it can achieve the coverage requirement.
Proposal # 3:  Considering to introduce a dedicated SIB for MTC UEs, possibly in together with a simplified MIB, to be delivered in a special downlink broadcast data channel with enhanced coverage.
Proposal # 4:  It is important for eNB to know if a MTC UE needs to be served in an “enhanced coverage mode” via the use of a coverage- enhanced PRACH waveform.
Proposal # 5:  Random access is needed. A separated resource for PRACH/RACH can be dedicated to MTC UEs in enhanced coverage mode where the PRACH resource indication can be included in the dedicated SIB for MTC UEs. Further optimization may be worthwhile, such as different PRACH configurations and further study the RRC connection (re-)establishment message.
Proposal # 6:  Introduce coverage-enhanced PDCCH/EPDCCH with across-subframe retransmission. Extending the current PDCCH/EPDCCH search space to include a set of candidate time-domain retransmission for coverage-enhanced PDCCH/EPDCCH allows eNBs to use a flexible number of retransmissions.
Proposal # 7:  Consider to introduce blind detection on coverage-enhanced PDSCH to reduce/remove control overhead while still maintaining resource allocation flexibility. 
Proposal # 8:  Study further if PHICH and PUCCH can be removed for MTC UEs operating in extreme coverage scenarios. 
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