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1 Introduction
In RAN#57, the updated SID [1] on Provision of low-cost MTC UEs was approved to investigate enabling techniques to meet up to 20dB coverage enhancement for MTC UEs compared to normal LTE UE. This contribution reviews each data/control channel and discusses whether enhancement for each channel is required and a few candidate techniques for the cases where the enhancement is needed.

2 Lessons Learned from Coverage Enhancement SI
In TR 36.824[2], extensive simulation results on estimated coverage for data/control channels are presented with identified a few limiting channels such as PUSCH and RACH for normal LTE UEs. According to the results shown in Table 5-7 to 5-11 in [2], overall, the maximum difference between the limiting channels and the best channel (e.g., VoIP 12kbps PDSCH and PBCH in Table 5-9) does not exceed 10dB. Thus, it is inferred that likely all downlink and uplink channels should be enhanced to achieve 20dB coverage gain. 

The followings are conclusions from extensive coverage simulations from TR 36.824:

· Further investigate coverage enhancements for medium data rate and VoIP in UL with first priority, and for Msg3 with second priority.

· Further investigate coverage enhancements for DL control channel(s). And this part is proposed to be processed in “Enhanced downlink control channel(s) for LTE” WI.
· Further enhancements for other channels are FFS.
With the relaxation in terms of latency and very low data rate requirement on MTC, the priority of channels needs to be redefined. In general, PUSCH coverage may be improved by higher channel coding gain and larger bundling size similar to enhanced TTI bundling proposed in TR 36.824 [2] whereas synchronization channels such as PSS/SSS and random access channels such as RACH and Msg3 may have to be prioritized. 

Additionally, when we consider further enabling techniques, some of cost reduction techniques such as single RX/RF chain and bandwidth reduction for a low-cost MTC UE should be accounted for where potential coverage gain by frequency diversity or antenna diversity may be limited. 
3 Downlink Channels
(1) PDCCH: Based on simulation results shown in Table 5-9 of TR 36.824, it is estimated around 3dB gain by increasing aggregation level from 4CCE to 8CCE. Naturally, one of basic technique is to increase the maximum supported aggregation level such as 32 and 64. Moreover, a shorter DCI (than 1A/1C) may be considered for coverage-limited MTC UEs where TBS field (5bits) may not be needed assuming a coverage-limited MTC UE is pre-fiexed with IMCS = 0 all the time. With consideration of supporting bandwidth reduction for a low-cost MTC UE where ePDCCH may be used instead of PDCCH, the same techniques would be applied to ePDCCH. To accumulate more energy on a PDCCH/ePDCCH, another possible approach is to adopt TTI bundling for DCI where a PDCCH or ePDCCH is retransmitted/bundled over a few subframes e.g., 2 or 4. As (e)PDCCH should be readable by a coverage-limited MTC UE for reading SIB1 at least, it is essential to provide sufficient coverage enhancement for (e)PDCCH. 
(2) PBCH: It is questionable whether PBCH should be enhanced. In terms of information that PBCH carries, a MTC UE with narrow-band may not need to know dl-Bandwidth and phich-Config as it is not able to read the entire system bandwidth. For MTC UEs, SFN and potentially eNB capability signalling which indicates that eNB can support narrow-band MTC UEs may have to be broadcasted. This can be done either via a separate data channel similar to SIB1 transmission or use additional channel similar to PBCH. To limit the number of channels to consider in coverage enhancement, our preference is to transmit a separate data channel similar to SIB1 message.
(3) PHICH: With bandwidth reduction technique applied, MTC UE may not be able to support PHICH unless ePHICH is defined. Even with ePHICH defined, it is still questionable whether MTC UE shall utilize PHICH structure as data frequency is not high (10second downlink, 1hour uplink according to the updated SID). Thus, we think PHICH should be a low priority for coverage enhancement.

(4) PCFICH: Same as PHICH, narrow-band MTC UE may not be able to read PCFICH. Thus, improving PCFICH coverage may not be necessary for MTC UE.

(5) PSS/SSS: Coverage of PSS/SSS may become more important in MTC as MTC UEs may go in to DRX (or RRC_Idle status) more frequently and a sleeping duration would be long to save energy. When a MTC UE wakes up, it may have to perform coarse and fine tuning of time/frequency tracking by reading PSS/SSS. For an initial access, coverage of PSS/SSS may be addressed by longer acquisition time i.e., aggregating more PSS/SSS signals until detecting a cell. It would be sufficient to relax the acquisition requirement in RAN4 specification to support it. However, for coarse/fine time/frequency tracking purpose upon waking up from a long sleep, either PSS/SSS signal coverage is improved or additional tracking/discovery signal may be required. To enhance the coverage of PSS/SSS, one approach is to transmit more than one PSS/SSS per 5msec. If additional tracking/discovery signal is considered, a discovery/tracking signal based on PRS may be considered.

(6) PDSCH: To enhance the coverage of PDSCH, three aspects: energy accumulation, frequency diversity, and coding gain can be considered where the enhanced TTI bundling technique proposed in TR 36.824 could be a good starting point. In terms of frequency diversity, once bandwidth reduction technique is applied, a MTC UE may not be able to enjoy frequency diversity within a TTI and thus it would be necessary to consider frequency hopping of PDSCH per TTI over the bundling window. A simple hopping pattern is to use pre-defined hopping pattern.
So far, we have discussed each downlink channels. To achieve 20dB coverage gain, we also need to investigate whether Rel-11 RS density and power boosting would be sufficient for data demodulation and time/frequency tracking. Without satisfactory channel estimation and tracking performance, the coverage gain would not be achievable.

[image: image1.wmf]Preamble 

Format

1 

TTI

0

1

2

3

...

N x SEQ

New Format


Figure 1. An Example of Longer Preamble Format

4 Uplink Channels
(1) RACH: According to evaluation results captured in TR 36.824, RACH Format 2 shows lower MCL compared to PUCCH format 1a/2 and shows similar coverage compared to PUSCH minimum data rate of 14.4kbps. In our view, enhancement on RACH is essential to support MTC UE as without successful reception of RACH, initial connection cannot be established and also RACH will be used for uplink synchronization periodically when a MTC UE wakes up from a long sleep. Thus, to support energy efficient MTC operation, coverage enhancement on RACH is essential. To minimize the impact on specification and eNB’s RACH detection, one approach is to introduce a longer preamble format by repeating RACH sequence (used in preamble format 0) a few times (i.e., > 2 times). Currently, preamble format 2 and 3 use two times repeated sequences where the coverage of preamble format 2 shown in TR 36.824 still needs further enhancement. A new preamble format for a coverage-limited MTC UE may be designed to use 4, 8 or 16 (or more if needed) repeated sequences. When introducing a long preamble format for a MTC UE, careful consideration to minimize the impact on legacy UEs is a must. Due to its longer duration of a new format, collision probability between legacy UE’s RACH and MTC UE’s RACH may increase and the available resource for legacy UE’s RACH may be reduced. Moreover, as short RACH (e.g., preamble format 2) and long RACH would coexist, the ambiguity at eNB side may have to be addressed as well. There are a few solutions to address this issue including techniques studied in [3]. 
A. Use dedicated RACH resource for MTC UE (e.g., frequency, preamble sequence, resource config) so that the collision probability of legacy UE would not be impacted regardless of the number of MTC UE using a long preamble format.

B. Define a new RACH resource configuration with more than 20msec periodicity (e.g., 80msec) where a number of available RACH subframes are limited to only a few. A MTC UE will be configured with this new RACH resource configuration instead of resource configurations used for normal LTE UE. For example, a pattern may be defined for frame structure type 1 as below:
	PRACH configuration index
	Preamble Format
	System Frame Number
	Subframe Number

	64
	5 (or new)
	(SFN % 16) = 0 
	0, 80


(2) PUCCH format 1/1a/2: In our view, HARQ process for downlink data (such as commands, paging) for a coverage-limited MTC UE may not be necessary. In terms of priority, our view is that PUCCH shall be given a low priority.  As most downlink data for MTC UE may intend to trigger uplink transmissions, eNB can safely assume downlink data is received successfully when an uplink transmission occurs. Thus, additional HARQ process may not be so essential as long as higher layer supports it as well. Note that some downlink heavy scenarios (such as firmware upgrade) may enable HARQ process for better performance, which is currently not carefully considered in coverage enhancement study.
(3) Msg3: The main purpose of transmitting Msg3 is to resolve a collision which is an essential step in contention-based random access procedure. As shown in TR 36.824, the coverage of Msg 3 with TBS = 56 is about 3dB better than Msg with TBS = 144. Since it can be driven by eNB which TBS is selected, it may be natural to prefix TBS size = 56 for a MTC UE requiring coverage enhancement treatment. Similar to other data channel, data repetition over multiple TTIs or within a TTI (via code rate) can be considered for further enhancement. Since the resource/energy is limited per TTI, it is worthwhile to consider enabling enhanced TTI bundling for Msg3. As TTI bundling is RRC configured, to support TTI bundling for Msg3, configuration parameters for Msg3 TTI bundling may have to be broadcasted via SIB or prefixed. 
(4) PUSCH: Similar to PDSCH, coding gain, energy accumulation and frequency diversity shall be utilized to enhance the coverage of PUSCH with enhanced TTI bundling. For a static MTC UE experiencing coverage issue may be pre-fixed with IMCS =0 to maximize the coding gain. In terms of TTI bundling, as the latency for MTC UE can be relaxed (10second for DL and 1 hour for UL), in theory very large number of TTI bundling can be performed within the latency requirement (1 hour for UL TX). Instead of relying on HARQ retransmission which requires MTC UE wakes up every 8msec for checking HARQ-ACK and performing retransmission, for energy saving purpose, it would be desirable to perform TTI bundling with increased bundling window and PRB size. As PHICH may not be supported for MTC UE, it would be natural not to enable HARQ process for MTC UL transmission.
5 Discussions and Conclusions
This contribution briefly discusses whether additional coverage enhancement is necessary for each DL and UL channel and reviews a few high-level approaches for necessary channels. In summary, we propose the following:
· Low priority on coverage enhancement to

· PBCH

· PCFICH

· PHICH

· PUCCH

· Further investigate coverage enhancement techniques with high priority on

· PSS/SSS

· (e)PDCCH

· RACH

· Msg3

· Evaluate/study whether further enhancement in addition to enhanced TTI bundling is needed on
· PDSCH

· PUSCH
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