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1.  Introduction
From RAN1 #71 to #72, the potential technical solutions for different channels were discussed for low-cost MTC UEs’ coverage improvement. And the following agreements for PRACH were reached at RAN1 #72b: 
· The coverage requirement of PRACH can be achieved by preamble repetition and/or new preamble format

· PRACH resources for coverage limited MTC UEs need to be defined and allocated

· Relaxing PRACH miss probability will make it easier to meet the coverage requirement, and can be used in addition to repetition and/or new preamble format for PRACH coverage improvement
· System impacts should be clarified including collision probability increase, PRACH latency increase

· As a complement to the other techniques, PSD boosting over a narrower bandwidth may be considered
In this contribution, the analysis on system impacts focusing on PRACH coverage improvement is provided based on the above agreements.

2. Discussion

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. In Figure 1, the overall random access procedure is provided, with total four steps 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 [1]. 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. System impacts for possible solutions

Impact on collision ratio
PRACH load is analyzed in terms of amount of random access within a certain time period, denominated as PRACH Attempt Intensity (PAI) [2]. PAI for MTC use case is calculated and summarized in Table I, according to the three scenarios shown by the traffic model [3]. It can be seen that PAI is much larger for MTC UEs compared to that for normal LTE UEs for scenario A and B.
Table I. PAI for MTC UEs in different scenarios

	Scenarios
	RACH Intensity (RACH attempts/s)

	
	Dense Urban in London (2778 UEs/cell)
	Urban in London (11823 UEs/cell)
	Dense Urban in Tokyo (5142 UEs/cell)
	Urban in Tokyo (18051 UEs/cell)

	Scenario A: Command-response traffic (triggered reporting，~10 s periodicity)
	277.8
	1182.3
	514.2
	1805.1

	Scenario B: Exception reported by WAN module (~3-5 s periodicity)
	926
	3941
	1714
	6017

	Scenario C: Periodic reports or Keep alive (~1 hour periodicity)
	0.77
	3.28
	1.43
	5.01


On the premise of total 64 preamble sequences used in current LTE, even if all the sequences are applied for MTC UEs and even with the densest PRACH configuration, i.e., 1 PRACH resource/1ms, the collision probability can be calculated as, taking the worst case for scenario A as example, 
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Furthermore, if repetition for preamble is applied for MTC UEs, the collision probability will deteriorate significantly, taking the worst case for scenario A and repetition of 200 times [4] as example,
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The result means that the collisions will surely happen, with the repetition for preamble. It is noted that, the above results are calculated assuming MTC UEs occupy all the preamble resources. The collision probability will be even higher when taking MTC UEs and normal UEs into account together. 
From the results, even not considering repetition for MTC UEs, there will be significant collision ratio, and the collision problem will become much more severe when repetition for preamble is introduced, which will be a very challenging issue for normal work of practical LTE systems. Meanwhile, the extreme collision ratio should also be taken into account when design new PRACH resources for MTC UEs. 
Impact on latency
Latency is another important issue which needs to be considered for PRACH repetition, especially for some latency sensitive traffic, e.g., emergency communications. 
Compared to conventional PRACH, if repetition is utilized, the latency for PRACH will be increased significantly due to the repetition for each step in Figure 1. As 200 times repetition may be needed to reach the coverage target for preamble coverage improvement, even without PRACH collision, total latency for PRACH with the four steps will reach the level of second, since each step transmitted by PDSCH/PUSCH will need hundreds of times of repetition potentially. The latency will be drastically increased when the PRACH collision is taken into account, and the number could easily reach second level for the first step. It is also related to the waiting time to resend the preamble when a MTC UE cannot receive the RAR caused by collision. On the other hand, if relaxed requirement (e.g. Pmiss) is accepted as the solution, the total latency of PRACH will be even larger.
In addition, so long latency for PRACH also indicates the resource utilization for data channel will be reduced significantly. 
Impact of relaxed requirement

As agreements in last meeting, relax of PRACH miss probability, Pmiss, can be a potential solution to help reach the coverage requirement. However, with allowing higher miss probability, some negative system impacts will be introduced. 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.
Impact on system design
If repetition for preamble is applied for MTC UEs, the starting subframe and the repetition times need to be defined and should be known to eNB. Design higher layer signaling to inform eNB the dedicated PRACH resources is a potential way, but the accuracy of higher layer signaling is questionable when MTC UE is located in such poor channel environment.
If not all the MTC UEs require worst case of repetition number, the variable repetition should be included in the PRACH design to avoid wasting resources in the system, and more complicated system design is needed.
3. Conclusions

In this contribution, we provided the further analysis on system impact for potential coverage improvement techniques for PRACH based on agreements in last meeting. Besides coverage gain, additional system impacts for PRACH coverage improvement should be carefully considered.
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