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Discussion and Decision
1
Introduction
In RAN1#75, PRACH coverage enhancement was discussed and the following agreements were reached – 

· Enhanced coverage UEs and legacy UE may share the same time/frequency resource. In this case, enhanced coverage UEs will use CDM to multiplex with legacy UEs. 

· FFS for multiplexing repetition level(s) within shared time/freq. resources

· In addition define additional time/freq. resource region(s) separate for “enhanced coverage” UEs.

· Within new region, at least CDM is allowed.

· FFS for Frequency Hopping
· NOTE: RACH resource mapping for the “low complexity UE not requiring enhanced coverage” is FFS.
· Specified maximum numbers of levels: Working assumption of 3 (this does not include “zero coverage extension”). More evidence needed if we were to extend this. 

· eNB-configurable number of levels (1, 2, 3) up to specified max level.

· Number of repetitions per level: 

· FFS for configurable value. 

· FFS ranges of this value per level – come back later in week.

· 1 attempt = configured number of repetitions.

· FFS: Power ramping is supported

· If UE does not receive a RAR after 1 attempt, it moves to next highest level (e.g. 5 to 10, and 10 to 15).
· At highest level, FFS on how many attempts are allowed, and the overall procedure (e.g. Backoff etc). 

In this contribution, we discuss some of the remaining issues related to PRACH in enhanced coverage mode.
2
PRACH Coverage Enhancement
The agreement is that PRACH coverage enhancement is done by repeating the existing preamble formats. However, relaxing PRACH requirement and frequency hopping is FFS. Figure 1 presents PRACH performance results for FDD and preamble format 0. The decision threshold is set such that the false alarm probability Pfa is 0.1%. Noncoherent combining across the two eNB RX antennas and subframes is used. From the figure, it is seen that if only repetition is used, then approximately 100 transmissions of preamble format 0 will be required to achieve 15dB coverage enhancement of the system (corresponding to SNR level of approximately -24 dB).
To reduce the number of repetition, the network can relax the PRACH requirement. One possibility is to relax the Pmiss requirement from 1% to 10%. From Figure 1, it can be seen that this leads to an improvement of about 5-6 dB. Relaxing the detection probability can lead to more transmissions by the UE but this can be helped by also relaxing the false alarm probability (currently at Pfa=0.1%). This can help lower the detection threshold and provide a balance between false alarm and missed detection. Note that the requirements may be relaxed only for the 15dB coverage enhancement level since other levels may not require significant amount of repetitions. From Figure 1, it can be seen that if Pmiss requirement is relaxed, only 10 transmissions may be required.
Observation 1: Relaxing the Pmiss requirement can reduce the number of repetition significantly.
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Figure 1. PRACH preamble format 0 performance with repetition (FDD).

For large system bandwidth, a good approach to improving the PRACH performance is to introduce frequency hopping. This can provide significant gain especially for MTC UEs with limited or no mobility. Link-level gains of 1-3 dB can be observed when frequency hopping is introduced depending on the Pmiss requirement. This can reduce the number of repetitions required significantly. For example, with frequency hopping and 10 transmissions, the Pmiss can be reduced from 10% to 4% at -24dB SNR. The hopping pattern may be pre-configured via SIB2 or fixed based on initial allocation and system frame number. From a complexity perspective, frequency hopping does not add additional complexity to the PRACH detector if repetition of a preamble format is used. There are, however, some impacts to implementation and specifications.  
Observation 2: Frequency hopping can provide considerable gain.
Table 1 provides some illustrative results on the number of transmissions required for three different coverage levels. From the table, it is seen that PRACH coverage enhancement can be achieved with reasonable number of repetition. Note that these results are for a 10MHz system. For smaller bandwidth, frequency hopping may not provide much gain. In that case, Pmiss requirement may be relaxed or additional transmissions may be used.   

Table 1. PRACH results for various coverage enhancement levels.
	Coverage Enhancement Level
	No of Transmissions Required
	Coverage Enhancement Techniques Used

	5 dB
	3
	Repetition + Frequency Hopping

	10 dB
	8
	

	15 dB
	10
	Repetition + Frequency Hopping + 
Relaxed Pmiss Requirement


Observation 3: Approximately 10 transmissions will be required to achieve 15dB coverage enhancement using frequency hopping and relaxing the Pmiss requirement.
Currently, up to three enhancement levels may be configured by the eNB. When not at the maximum level, UE in enhanced coverage mode will make one attempt and if it does not receiver a RAR, it will move to the next higher level. It is under discussion how the UE will select the starting level. One suggestion is for the UE to use the last configured level or from past PRACH attempt. Another possibility is for the UE to select based on downlink measurement (e.g. RSRP threshold). There is an issue of whether accurate measurement can be achieved. However, as the granularity is expected to be coarse (e.g. 5, 10, 15 dB), fine measurement accuracy may not be needed. In addition, UEs that require only small amount of coverage enhancement may still be to determine its coverage amount accurately. Therefore, it is prefer that the PRACH starting level is based on UE measurement. 
If it is determined that measurement accuracy is extremely poor, then the UE in enhanced coverage mode should start from the lowest coverage enhancement level for initial access to minimize overhead. Subsequent access may be based on configured level. Selecting the highest level will allow the network to successfully decode the PRACH faster. From Table 1, there is not much difference between the highest and lowest level, so overhead on the PRACH is not too different. However, for subsequent messages, the repetition factor will be dependent on the initial PRACH level. In this case, there may be a big difference between the lowest and highest level. For example, for the PUSCH, the lowest coverage level requires 4 transmissions while the highest requires 64 transmissions. Furthermore, there may be only a small fraction of UEs that require the highest coverage leve. Therefore, it makes more sense for UE to start from the lowest coverage enhancement level for initial access.
Proposal 1: UE in enhanced coverage mode selects PRACH starting level based on downlink measurement if measurement accuracy is acceptable. Otherwise UE starts from the lowest coverage enhancement level for initial access.
3
Conclusion
In this contribution, we consider the performance of PRACH using various coverage enhancement techniques. Based on our analysis, the following observations are made –

Observation 1: Relaxing the Pmiss requirement can reduce the number of repetition significantly.
Observation 2: Frequency hopping can provide considerable gain.
Observation 3: Approximately 10 transmissions will be required to achieve 15dB coverage enhancement using frequency hopping and relaxing the Pmiss requirement.

Proposal 1: UE in enhanced coverage mode selects PRACH starting level based on downlink measurement if measurement accuracy is acceptable. Otherwise UE starts from the lowest coverage enhancement level for initial access.
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