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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. In RAN1 #71b, it was generally accepted that all data/control channels (if used) are required to be enhanced to meet 20dB coverage gain, and the outline of TR for coverage improvement section was agreed. This contribution proposes text for TR focused on down-selection of control/data channels which are essential in low-cost MTC communication and enhancement techniques for down-selected channels.

-------------------------------------------------------Start of TP (Sec 9.3)---------------------------------------------

9.3 Required System Functionality
(1) PBCH: MIB carries the essential system information that a UE shall know to get service from a cell. The information of PHICH configuration and system bandwidth may not be necessary for a low-cost MTC UE as it cannot access the full system bandwidth. Yet, SFN and antenna port information carried in PBCH are still required for a MTC UE. Moreover, PBCH may have to carry additional essential information such as the starting position of PDCCH bundling maybe required for reading successive SIB1 and SIB2. Thus, it is desirable to keep PBCH for coverage-limiting UEs.

(2) SIB transmission: A normal UE is expected to receive SIB1 and SIB2 even before it can transmit PRACH to acquire system information. SIB1 and SIB2 carry very essential system information such as SI window, default radio parameters, MBSFN subframe configuration, access barring information, etc. Thus, efficient transmission of SIBs should be supported for coverage-limiting UEs [2].

(3) Synchronization Channel (PSS/SSS) and random access procedure: Even for a coverage-limiting UE, cell identification and acquisition is necessary. Moreover, random access procedure is also essential to start the cell camp-on/connection procedure. 
(4) Downlink control channel (PDCCH/ePDCCH): To schedule downlink data channel or uplink transmission, downlink control channel would be needed for coverage-limiting UEs. 

(5) Downlink/uplink data channel (PDSCH/PUSCH): To successfully exchange data and information between eNB and coverage-limiting UEs, data channel enhancement is definitely necessary.

(6) Reference Signal for tracking and channel estimation: As the performance of channel estimation directly impacts the performance of data/control channel, enhancement of channel estimation should be considered. 

Some other channels as follows can be eliminated or simplified as they are not providing very essential functions for a coverage-limiting MTC UE.
· PCFICH: If a MTC UE operates within a narrow-band, it is likely that ePDCCH will be used for a coverage-limiting UE. For ePDCCH, higher layer signalling to indicate the starting symbol of ePDCCH can be given. Thus, PCFICH may not be so essential for MTC UEs. 

· HARQ-ACK (PHICH, PUCCH HARQ-ACK): If bundled transmission or other coverage enhancement technique for HARQ-ACK is also necessary to address the coverage issue of PHICH or PUCCH, it is questionable whether HARQ-ACK offers any benefits in additional to higher layer ARQ mechanism. Specially, PHICH may not be readable by a narrow-bandwidth MTC UE and thus separate ePHICH may be necessary which has considerable impacts on the specification. Furthermore, data exchange between a coverage-limiting MTC UE and an eNB would be very sporadic. Thus, HARQ-ACK procedure may not be so essential. To minimize the impact and work, PHICH and HARQ-ACK PUCCH may not be used for a coverage-limiting UE.  

· Other information via PUCCH (e.g., CSI report, SR): Because MTC traffic is infrequent, the benefit of periodic CSI is not clear. Yet, aperiodic CSI feedback would be still necessary, which can be transmitted via PUSCH rather than PUCCH. For SR, it may be transmitted via RACH instead of PUCCH if needed to reduce the number of channels to be optimized and specification work.
9.4 Concept for coverage improvement
A few categories of techniques can be considered for coverage enhancement including repetition, power boosting and new channel design. This section reviews techniques and presents analysis on coverage enhancement of techniques. 
9.4.1. Repetition

The repetition technique is to increase the energy accumulation by transmitting the same information over multiple times. Some techniques in this category include TTI bundling, RLC segmentation, more retransmission, spreading mechanisms and low rate coding schemes. 
To show the feasibility of achieving ~20dB coverage gain, simulation results using TTI bundling over PDSCH channel are shown in Figure 1.
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(b) 20 Hz frequency error

Figure 1. Performance of PDSCH transmission over 100 and 300 subframes
The result shows that it would be feasible to achieve about 20dB gain if the bundling over more than 100 times is performed. Also, it points out the importance of channel estimation where the performance of bundling is much lower than the expected due to the degraded channel estimation. In Sec 9.5.6, a few mechanisms are reviewed to enhance the channel estimation performance.

9.4.2. Power boosting

Another technique to increase the energy accumulation is to increase the received power. This category includes power boosting on reference signals, power boosting on PRBs used for coverage-limiting MTC UEs, and spectral density boosting. 

As shown in Figure 1, it is important to enhance the channel estimation performance. Power boosting could be an effective way to enhance the channel estimation where additional power boosting is applied only to reference signals. The analysis of coverage enhancement by applying power boosting on CRS is shown in Figure 2.
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Figure 2. Performance of PDSCH bundle transmission with CRS power boosting

Figure 2 shows that additional 6dB power boosting on CRS with 100 times retransmisson (x100 transmission with 9dB CRS power boosting) achieves comparable performance to 300 times retransmission. It can be inferred that the combination of power boosting and TTI bundling could achieve ~20dB coverage gain.

9.4.3. Relaxed requirement

This technique is to relax the UE requirement (e.g., cell acquisition time) so that the UE can aggregate larger number of channels. When the channel condition does not change over a long period, this technique could achieve considerable coverage gain.
9.4.4. Design new channels

This technique is to design a new channel customized for coverage limiting UEs. Overall, two techniques can be considered. One is to increase coding gain of a channel by reducing the information bits (e.g., compact DCI) or increase energy accumulation (e.g., longer RACH preamble sequence). The other is to create a new channel which either replaces a previous channel (e.g., a new PBCH for a coverage limiting UE) or add a new function. When design a new channel, the impact on legacy UEs should be carefully evaluated and handled. 

9.5 Analysis of Physical Channels and Signals

9.5.1 PSS/SSS

All the techniques presented in Sec 9.4 would be applied for PSS/SSS. To minimize the impact on specification and legacy UEs, new channel design for PSS/SSS would be the last option. According to [5], low mobility UEs may be able to achieve coverage gain by accumulating more synchronization channels. Thus, it is expected that the combination of repetition (or power boosting) and relaxed requirement would allow sufficient gain. 
Impact on specification:
If repetition is used, additional PSS/SSS could be transmitted at different subframes or different OFDM symbols from where legacy PSS/SSS are transmitted. As PSS/SSS can be read by a legacy UE at initial cell search, keeping the legacy PSS/SSS sequence and design for additional transmissions may cause confusion on legacy UEs. To minimize the impact, a new sequence for additional PSS/SSS may be considered, which has substantial impact on the specification. Or, transmission of additional PSS/SSS should be limited to “deactivated” time where a legacy UE is not expected to access the network.
Impact on spectral efficiency:

As PSS/SSS overhead is not significant, even with repetition, the increased overhead is not expected to be significant. 

9.5.2 PBCH

To enhance the performance of PBCH, all techniques except for relaxed requirement would be applicable. Relaxed requirement would not work as the current design of PBCH requires a UE to acquire PBCH within 40msec period. To enhance the coverage for PBCH, we may consider the increase number of transmission within 40msec or introduce a new PBCH for coverage-limiting UEs. If a new PBCH is introduced, to reduce the size of MIB and thus increase coding gain, unnecessary fields can be eliminated. Additionally, the starting subframe index where bundled PDCCH for SIB1 and SIB2 would start can be transmitted in PBCH to allow flexibility.
Impact on specification:

Even with a new PBCH design, as it would reuse the existing PBCH design with modification of fields only, the impact on specification would be minimal. 

Impact on spectral efficiency:

As PBCH overhead is not significant, even with repetition, the increased overhead is not expected to be significant. 

9.5.3 PRACH

Applying a simple repetition technique on PRACH would not be straightforward as eNB may not be assured that bundled RACHs are transmitted from the same UE (in contention-based procedure). Power boosting technique is not easily applicable either as the maximum power that UE can use is limited. Relaxed requirement technique may help the coverage of PRACH, yet, the gain would not be significant to cover 20dB goal. Thus, consideration on a new RACH design (e.g., a longer preamble sequence by repeating more times of existing preamble sequence as shown in Figure 3) can be considered.
[image: image5.wmf]Preamble 

Format

1 

TTI

0

1

2

3

...

N x SEQ

New Format


Figure 3. An Example of Longer Preamble Format

Impact on specification:

When introducing a long preamble format for a MTC UE, careful consideration to minimize the impact on legacy UEs should be considered [6]. 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. 
Impact on spectral efficiency:

The spectral efficiency degradation by a new RACH would be determined by the number of MTC UEs actively transmitting RACH. 

9.5.4.  (e) PDCCH

All techniques in Sec 9.4 can be considered to enhance control channel coverage. Yet, power boosting alone may not address the coverage gain for ePDCCH as the maximum power is limited. 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.
Impact on specification:

Due to blind detection design of control channel, repetition over multiple TTIs would require some specification change. In particular, if TTI bundling is applied, there may be some mechanism necessary to indicate when to start PDCCH bundling and when to start PDSCH bundling [2]. Introducing a new DCI or new aggregation level also would lead some specification impact. 

Impact on spectral efficiency:

The spectral efficiency degradation of (e)PDCCH would be determined by the number of MTC UEs and the MTC traffic frequency. 
9.5.5. PDSCH / PUSCH

All techniques in Sec 9.4 can be applicable to PDSCH/PUSCH. To minimize the impact on specification, introducing a new design for PDSCH/PUSCH may be the last choice. To enhance the coverage of PDSCH/PUSCH, three aspects: energy accumulation, frequency diversity, and coding gain can be considered. Firstly, the enhanced TTI bundling technique proposed in TR 36.824 could be a good starting point for accumulate more energy. Secondly for frequency diversity, we can consider frequency hopping of PDSCH per TTI over the bundling window if TTI bundling is used. A simple hopping pattern is to use pre-defined hopping pattern. Lastly, for coding gain, MCS can be fixed to the lowest value (e.g., IMCS =0). 
Impact on specification:

As currently TTI bundling is specified, extension to a large window size would not lead significant work. Yet, one additional consideration on Msg3 may be necessary where currently TTI bundling for Msg3 is disabled. 

Impact on spectral efficiency:

The spectral efficiency degradation of PDSCH/PUSCH would be determined by the number of MTC UEs and the MTC traffic frequency. 

9.5.6. Reference Signals (Channel Estimation)
All techniques would be applicable to enhance the performance of channel estimation. More specifically, there could be three ways to improve channel estimation in low SNR range 1) channel estimation over multiple subframes; 2) CRS power boosting; and 3) increasing CRS density within PRB. Channel estimation over multiple subframes is to allow UE to take samples over multiple subframes when the channel is relatively static over multiple TTIs. 

According to various simulation results [2], channel estimation over multiple TTIs even with very low mobility and static channel conditions does not achieve significant gain when channel estimation error is not negligible (e.g., 100Hz). This implies that, unless channel estimation is very accurate, average over multiple subframes may not so useful in channel estimation. 

In terms of power boosting, as demonstrated in Figure 2, it shows significant gain. Yet, it would impact legacy UE’s performance, in particular, on RSRP and QAM-modulated PDSCH, which should be carefully considered. 

Lastly, CRS density results are shown in Figure 4 which also demonstrates considerable performance gain by CRS density increase. 
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Figure 4. Performance of PDSCH bundle transmission with increasing CRS density

Impact on specification:

If cell specific RS is used for data demodulation, power boosting or density increase would have some impact on legacy UEs especially for RSRP and QAM PDSCH. Some specification impact is expected to address this concern.

Impact on spectral efficiency:

The enhancement of channel estimation performance would in fact lead less number of repetitions for PDSCH/PDCCH. Thus, overall, spectral efficiency degradation due to channel estimation may not be introduced. 

-------------------------------- End of TP (Sec 9.5)-----------------------------------------------------------------
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