
3GPP TSG RAN WG1 Meeting #72b
  R1-131134
Chicago, USA, 15th – 19th April 2013
Source:
China Telecom
Title:
On PRACH Coverage Improvement for Low-cost MTC UE
Agenda Item:
7.2.4.3
Document for:
Discussion
1.  Introduction
At RAN #56, some concerns on coverage issues were raised for the completion of SI “Provision of low-cost MTC UEs based on LTE”. Hence, an updated SID focusing on coverage improvement aspects was proposed and approved at RAN #57 [1]. From RAN1 #71 to #72, the potential technical solutions for different channels were discussed, and some agreements were reached at RAN1 #72 as follows, 
· Channels that may not be required and require no significant analysis or evaluation in the SI include

· PHICH

· PCFICH

· Other channels will require further evaluation and/or analysis in the SI

· SCH

· PBCH (or equivalent for system information)

· PRACH

· (E)PDCCH/PUCCH (may or may not be required)

· PDSCH/PUSCH

Meanwhile, at RAN1 #72, some observations on the potential link-level solutions for PRACH coverage improvement are given as below,
· Further analysis/evaluation is needed until the next meeting for PRACH by focusing on

· Relaxed requirements

· FFS: Loosen the detection threshold at eNB

· FFS: Change the false detection probability at eNB

· Design new PRACH, e.g., 

· Longer repetition compared to existing PRACH

· Longer sequence compared to existing PRACH

· PSD boosting/smaller bandwidth  occupation compared to existing PRACH

· PRACH can be used to inform eNB the amount of coverage enhancement a low cost MTC UE needs
In this contribution, we provide our views on the potential link-level solutions for PRACH coverage improvement based on the observation above. Furthermore, we present the performance evaluation results for PRACH with repetition and discuss corresponding system impacts. 
2. Discussion on potential solutions for PRACH
2.1. PRACH in LTE
In current LTE, random access is mainly used for initial access, re-establish of radio link after radio-link failure, as well as re-establish of uplink synchronization when needed. As agreements at last RAN1 meeting, PRACH is necessary for MTC transmission and cannot be omitted in terms of coverage improvement. 
In Figure 1, the overall random access procedure is provided, with total four steps are included. Among the four steps, data channels, i.e., PDSCH and PUSCH, are used for transmission for the last three steps. Thus, the coverage improvement for PRACH for the last three steps can be included in the scope of coverage improvement for data channels, and some discussions are provided in [2]. Therefore, for PRACH coverage improvement, we can mainly focus on the coverage improvement on the step 1, random access preamble. However, the analysis of latency tolerance for PRACH should take the whole four steps of random access procedure into account. 
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Figure 1. Overview of the random-access procedure

2.2. Discussion on potential solutions

In this subsection, we provide our further views on the potential link-level solutions for PRACH coverage improvement based on the observation at RAN1 #72. 

Relaxed requirements
Decrease of the detection threshold on PRACH at eNB is one of the possible way in terms of relax the requirement, however, it will loosen the false alarm probability, i.e., Pfa, accordingly. In practical system, the Pfa needs to be strictly controlled below certain level, and the relax of Pfa may bring significantly negative impact to the normal work of LTE system. With Pfa for PRACH detection relaxed, the computational complexity at eNB will be increased and wasted on much unnecessary processing. In addition, some resource on air interface will be wasted on unnecessary transmissions, and the overall system performance will be much degraded especially for MTC case.
The other way in terms of relax the requirement is to allow higher miss probability, i.e., Pmiss, on detection of PRACH. If the Pmiss is changed from 1% to 10%, about 3.5dB of coverage gain can be achieved as shown in our simulation results in Figure 2 below. The gain seems not very significant compared to the coverage target. However, similar to relax of Pfa, some negative system impacts need to be carefully investigated. For example, increase of Pmiss will increase the retransmission probability for PRACH, and it will potentially increase the access latency and collision probability. Also, more resource will be wasted on the retransmission of PRACH, and the overall system performance will be degraded.
Longer repetition / sequence compared to existing PRACH
Longer repetition / sequence can improve the coverage performance potentially by acquiring more energy accumulation. Compared to longer sequence, longer repetition may have some potential benefit in terms of, e.g., flexibility, especially for TDD systems. 
PSD boosting/smaller bandwidth occupation 
PSD boosting for preamble can be realized by reduction of occupied PRB, e.g., reduction from 6 PRB to 1 PRB. Reduction of the length of PRACH sequence may need some additional standardization efforts on design of new sequence, and may also bring some potential problems, e.g., decrease of the diversity gain and timing accuracy. Since the total transmission power is remaining, the performance of using fewer resource elements but higher transmission power on each and more resource elements but lower transmission power on each needs to be further evaluated. 
Observations

· Relax of the requirements needs to be carefully investigated in terms of both coverage gain and system impacts, including transmission latency, computational complexity and system spectrum efficiency.

· Compared to repetition, more standardization efforts may be needed for using longer sequence or PDS boosting/smaller bandwidth occupation.
3. Performance and discussion on repetition for PRACH
In this section, we focus on the repetition scheme which was regarded as one of the potential and straightforward link-level solutions for MTC coverage improvement, and present the performance results for PRACH with repetition and discuss corresponding system impacts.
3.1. Performance results 
Based on the simulation assumption for PRACH as in Table I, the evaluation results are shown in Figure 2.
Table I. Simulation assumption for PRACH

	Number of UL RBs
	6

	Performance target
	Pmiss: 1% , Pfa: 0.1%

	Preamble format
	Format 2

	Channel model
	ETU 70Hz

	Frequency error
	100Hz
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Figure 2. Performance of PRACH with repetition

Based on the previous investigation results on MCL in TR 36.888, the coverage gain of 19 dB is needed for PRACH enhancement. It can be seen from the evaluation results in Figure 2, with unrelaxed Pfa and Pmiss, around 200 times of repetition is needed for PRACH to achieve the target of coverage gain.

3.2. Potential system impacts
In this subsection, the additional issues and system impacts for PRACH repetition are discussed.

If repetition for preamble is applied for MTC UEs, one of the important issues is the increased collision probability. As discussion in [4], due to that the number for MTC UEs is relative large, to limit the collision probability within 0.01, more than 600 PRACH preambles sequences are needed, while total 64 preamble sequences in current LTE are far from the requirement. In that sense, even not considering repetition for MTC UEs, there will be significant collision ratio, and the collision problem will become more severe when repletion of PRACH is introduced. 

Besides potentially increased collision probability, to support PRACH repetition, some new signaling may have to be introduced. For example, the starting subframe for repetition may need to be pre-defined and signaled between eNB and MTC UEs. Also, considering that different MTC UEs are in different channel condition and may need different extent for coverage improvement, different number of repetition times may need to be predefined and signaled. Furthermore, to avoid the impact to normal LTE UEs, design of higher layer signaling to inform the dedicated PRACH resources for MTC UEs may be needed. When introducing some new signaling, the corresponding receiving signal quality, increased radio resource and control complexity need to be taken into account. Moreover, using of separate resource for MTC and normal LTE UEs will have some potential problems in degradation of the resource utilization ratio and overall system performance. 
Latency is one of the other important issues which need to be considered for PRACH repetition, especially for some latency sensitive traffic, e.g., emergency communications. Compared to conventional PRACH, if repetition is employed, the latency for PRACH is much increased due to the repetition for each step in Figure 1, as well as the potential increase of collision probability for PRACH transmission. 

Based on the discussions above, we have the following observations,

Observation
· Repetition of about 200 times may be needed to reach the coverage target for PRACH. Besides coverage gain, additional impacts of repetition, e.g., transmission latency, control complexity and system spectrum efficiency need to be carefully investigated.
4. Conclusions

In this contribution, we provided the evaluation results and discussions on potential techniques for PRACH coverage improvement. Our observations are as follows,
Observations

· Relax of the requirements needs to be carefully investigated in terms of both coverage gain and system impacts, including transmission latency, computational complexity and system spectrum efficiency.

· Compared to repetition, more standardization efforts may be needed for using longer sequence or PDS boosting/smaller bandwidth occupation.

· Repetition of about 200 times may be needed to reach the coverage target for PRACH. Besides coverage gain, additional impacts of repetition, e.g., transmission latency, control complexity and system spectrum efficiency need to be carefully investigated.
5. References
[1] RP-121441, Updated SID on: Provision of low-cost MTC UEs based on LTE, Vodafone, Sep. 2012
[2] R1-131135, On PDSCH/PUSCH Coverage Improvement for Low-cost MTC UE, China Telecom, April 2013

[3] R1-124793, Discussion on coverage improvement for MTC, China Telecom, Nov. 2012
[4] R1-130108, Considerations on the issues of Low-cost MTC UEs based on LTE, Fujitsu, Feb. 2013
[5] R1-125406, Text proposal for TR 36.888 to align with the updated SID on low cost MTC, Huawei, Nov. 2012













4

_1425799746.vsd
UE


eNB


Random Access Preamble


Random Access Response (Timing Adjustment, C-RNTI, UL grant for L2/L3 message,...)


L2/L3 message


Message for early contention resolution 



