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1 Introduction

At the RAN1 #74 meeting, the following were agreed regarding PRACH coverage enhancement for low cost MTC [1]:
· Enhancement of PRACH format is required to achieve coverage improvement target

· FFS if new PRACH format(s), new resources, or repetition of existing PRACH format(s) is adopted.
· Define one or multiple PRACH coverage enhancement level.
· FFS whether or not to use PRACH to indicate coverage level

· Details, such as resource multiplexing (TDM/FDM/CDM) method,  are also FFS
In this contribution, we share our views on PRACH format enhancement for low cost MTC in LTE systems. In addition, we provide the analysis on the indication of necessary coverage extension levels by utilizing PRACH transmission.  
2 Discussion on PRACH Coverage Enhancement
According to the Chairman’s note in the RAN#74 meeting [1], “For the purpose of investigating the required coverage enhancements, coverage loss for downlink channels by 1 Rx antenna is assumed to be 4dB”. Based on this assumption and reference Maximum Coupling Loss (MCL) table in [2], the required coverage enhancement target for PRACH format 2 is 14dB for FDD LTE system. In order to achieve the PRACH coverage enhancement target for low cost MTC, new PRACH format(s) or repetition of existing PRACH format(s) can be considered as potential solutions.  
Repetition of existing PRACH format(s) in the time domain is a straightforward and effective way to improve the coverage for low cost MTC due to more energy accumulated for PRACH transmission. With more number of preamble repetitions allocated, however, the increased UE power consumption and degraded cell spectrum efficiency are expected. Regarding the specification impact, the starting subframe and repetition time may need to be defined and provided by higher layer signaling. 
Similar to PRACH format 2 and 3, new PRACH format(s) with repeated sequence can be defined to improve the coverage. In general, this approach can achieve a similar link level performance to the preamble repetition, if the same number of repeated sequences is allocated. This approach, however, may not be feasible for several TDD configurations, e.g., for TDD configuration 5, only one subframe is available for UL transmission, which may not be sufficient for longer preamble. Furthermore, the specification impact could be substantial if new PRACH format(s) is defined.  
Proposal 1
To minimize the specification impact, it is proposed to adopt the repetition of existing PRACH format for PRACH coverage enhancement. 

Based on our link level simulation results [3], ~250 repetitions are needed to achieve 14dB PRACH coverage enhancement target for FDD LTE systems. Apparently, this would result in excessive resource consumption and longer access latency for coverage limited MTC UEs. Loosening the miss detection probability may be considered as a complement approach to further improve the coverage as the required SINR is reduced. As observed in [3], ~5.5dB performance gain can be provided by relaxing the miss detection probability from 1% to 10%. In particular with 10% miss detection probability, the number of repetitions required to achieve 14dB PRACH coverage enhancement target can be reduced from ~250 to ~40, which would significantly improve the spectrum efficiency.
It should be noted that the higher miss detection probability is, the higher retransmission rate may be expected, which may lead to higher collision probability and longer access latency. In the lightly loaded systems with dedicated PRACH resources allocated for MTC UEs located in coverage holes, the collision probability among coverage limited MTC UEs could be limited. In this case, the miss detection of PRACH preamble would primarily result in the retransmission attempt. As illustrates in Figure 1, the average accumulated resource consumption for PRACH transmission can be approximated as
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 is the number of retransmission attempts. Based on this analysis and assuming the number of retransmission attempts as 5, the overall PRACH resource consumption in average when [image: image7.png]1%
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 can be calculated as 252.5 and 44.4, respectively. This indicates that loosening miss detection probability from 1% to 10% would reduce the overall average resource consumption in a lightly loaded system. Given the fact that relatively small portion of MTC UEs need coverage enhancement, it is expected that relaxed miss detection probability may help improve the spectrum efficiency. To further minimize the impact on legacy UEs, it may be beneficial to apply the relaxed miss detection probability solely for coverage limited MTC UEs. 
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Figure 1. Average resource consumption comparison with [image: image12.png]1%
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Observation 1
In lightly loaded systems with relatively small collision probability, loosening the miss detection probability may reduce the overall average resource consumption. 

Note that in heavily loaded systems, the relaxed miss detection probability may also result in higher collision probability, which complicates the overall resource consumption analysis. To further understand the impact of the relaxed miss detection probability, RAN1 WG may consider sending a liaison statement (LS) to RAN2 and RAN4 WGs for inputs on the detailed analysis.
Proposal 2
RAN1 consults the relaxed requirement of miss detection probability with RAN2 and RAN4 by sending an LS.
To further enhance the detection performance, frequency hopping in subframe level for one transmission/retransmission attempt may be applied in conjunction with the repetition of existing PRACH format. Based on our link level simulation results, it can be observed that with frequency hopping in 10MHz bandwidth and 10% miss detection probability, only 20 repetitions are needed to meet the 14dB PRACH coverage enhancement target [3]. Note that in the system with smaller carrier bandwidth, less performance gain is expected when employing frequency hopping for PRACH. In addition, frequency hopping for PRACH transmission may not be applied for 1.4MHz bandwidth. 
Proposal 3
Frequency hopping in subframe level for one transmission/retransmission attempt is applied in conjunction with repetition of existing PRACH format to further enhance the detection performance. 

3 Details on PRACH Coverage Enhancement
Indication of necessary coverage extension levels
As described in [2], not all the MTC UEs need the worst case coverage enhancement target and some MTC UEs may not need the coverage improvement. To support the scalability of spectral efficiency impact for coverage improvement, PRACH transmission may be considered as a potential candidate by utilizing various repetition levels to inform eNB on the amount of coverage enhancement MTC UE needs. In this regard, unnecessary UE power consumption and resource waste may be avoided. For instance for RRC connection request message, if UE specific coverage extension level is not available at eNB, eNB may schedule PUSCH transmission with maximum repetition levels corresponding to the worst case coverage extension levels, which would not be desirable in term of spectrum efficiency. Note that a potential mechanism for indication of necessary coverage extension levels by utilizing PRACH transmission was discussed in [3].

To strike a proper balance between system level performance and eNB detection complexity, it may be beneficial to support a relatively small number of repetition levels. For instance, 3 PRACH coverage enhancement levels may be defined, which correspond to 5dB, 10dB and 15dB target. The MTC UEs may further report their updated coverage statuses in a solicited or non-solicited manner based on the updated DL measurement (e.g. pathloss), if the coverage statuses are changed. 
In the case when coverage limited MTC UEs fail to receive Random Access Response (RAR) from eNB after certain number of retransmission attempts, they may increase the repetition level of PRACH preamble for the subsequent retransmission attempts to improve the detection performance. 
Proposal 4
· PRACH transmission considers the various repetition levels selected by a coverage limited MTC UE so that eNB could identify the coverage status for the UE.
· Supporting a relatively small number of repetition levels may be beneficial to strike a proper balance between system level performance and eNB detection complexity.

· When coverage limited MTC UEs fail to receive Random Access Response (RAR) from eNB after certain number of retransmission attempts, they may increase the repetition level of PRACH preamble for the subsequent retransmission attempts to improve the detection performance.

Dedicated PRACH resources

In order to reduce the collision probability for legacy UEs when coexisted with low cost MTC UEs in LTE system, dedicated PRACH resources are expected for coverage limited MTC UEs. PRACH resources for legacy and MTC UEs may be multiplexed in the time or frequency domain (i.e. TDM or FDM) or with non-overlapping subset of sequence (i.e. CDM), or a combination of any option aforementioned. It may be difficult to coordinate the time resources not to collide with each other and to reduce the overall access latency with TDM manner. Therefore, it may not be feasible to properly multiplex the PRACH resources in the time domain for coverage limited MTC UEs and legacy UEs. Moreover, considering the support for multiple repetition levels for coverage limited MTC UEs, multiplexing the PRACH resources in the frequency domain for coverage limited MTC UEs may be not desirable in terms of high eNB processing burden compared to CDM. Note that guard bands are employed for PRACH transmission to ensure the orthogonality between PRACH and other UL channels. With FDM based resource allocation scheme, a slightly more frequency resources are expected because of the guard bands. In addition, FDM may not be applied for smaller system bandwidth (e.g. 1.4MHz). Hence, it is worthwhile allocating the PRACH resources for different repetition levels with non-overlapping subset of signature sequences for coverage limited MTC UEs in a CDM manner. 

According to these design principles, Figure 2 illustrates one potential PRACH resource allocation scheme for MTC and legacy UEs. In the figure, PRACH resources are multiplexed with non-overlapping subset of sequences for coverage limited MTC UEs and legacy UEs. In order to maintain the backward compatibility, eNB may broadcast via SIB2 independent logical index RACH_ROOT_SEQUENCE for coverage limited MTC UEs from the legacy UEs or non-coverage limited MTC UEs. In addition, eNB may select the root sequence index with lower PAPR to improve the PRACH coverage for coverage limited MTC UEs. Note that due to the low mobility characteristic of coverage limited MTC UEs, eNB may configure different PRACH parameters, e.g., High-speed-flag, for MTC and legacy UEs. 
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Figure 2. Potential PRACH resource allocation scheme: Option 1 (CDM)
Figure 3 illustrates alternative PRACH resource allocation scheme for MTC and legacy UEs. In the figure, PRACH resources are allocated separately in the frequency domain for coverage limited MTC UEs and legacy UEs. In addition, coverage limited MTC UEs and legacy UEs may share the same logical index RACH_ROOT_SEQUENCE for PRACH preamble. Note that this PRACH resource allocation scheme shows a nice nested property for coverage limited MTC UEs while minimizing the adverse impact on legacy UEs. 
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Figure 3. Potential PRACH resource allocation scheme: Option 2 (FDM)
Proposal 5
· CDM or FDM is considered for multiplexing coverage limited MTC UEs with non-coverage limited MTC UEs, and TDM is excluded. 
· For coverage limited MTC UEs, PRACH resources for different repetition levels are allocated with non-overlapping subset of signature sequences.

4 Conclusions

In this contribution, we provided our views on PRACH coverage enhancement and indication of coverage extension levels by utilizing PRACH transmission. Based on the discussion presented, we summarize our views through the following proposals and observations:
Proposal 1
To minimize the specification impact, it is proposed to adopt the repetition of existing PRACH format for PRACH coverage enhancement. 

Proposal 2

RAN1 consults the relaxed requirement of miss detection probability with RAN2 and RAN4 by sending an LS.

Proposal 3

Frequency hopping in subframe level for one transmission/retransmission attempt is applied in conjunction with repetition of existing PRACH format to further enhance the detection performance. 

Proposal 4

· PRACH transmission considers the various repetition levels selected by a coverage limited MTC UE so that eNB could identify the coverage status for the UE.
· Supporting a relatively small number of repetition levels may be beneficial to strike a proper balance between system level performance and eNB detection complexity.

· When coverage limited MTC UEs fail to receive Random Access Response (RAR) from eNB after certain number of retransmission attempts, they may increase the repetition level of PRACH preamble for the subsequent retransmission attempts to improve the detection performance.

Proposal 5

· CDM or FDM is considered for multiplexing coverage limited MTC UEs with non-coverage limited MTC UEs, and TDM is excluded. 
· For coverage limited MTC UEs, PRACH resources for different repetition levels are allocated with non-overlapping subset of signature sequences.
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