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1
Introduction
In RAN1#80, it was agreed that for initial random access of UE in coverage enhancement –

· There is one to one mapping between PRACH repetition level and PRACH resource set
· Multiple attempts are allowed for each PRACH repetition level
· There is a configurable number of attempts
· FFS: Whether the configuration of the number of attempts is common or separate per repetition level
· Number of attempts per PRACH repetition level can be different
· If UE does not receive a RAR after the allowed number of attempts, it moves to the next higher repetition level
· Specified maximum numbers of levels is 3 (this does not include “zero coverage extension”) 

· FFS: Power ramping or always max power used within each repetition level
In this contribution, we consider random access procedure for UEs in coverage enhancement.

2
Random Access Procedure for CE
It has been agreed that after the initial random access procedure, for a physical channel using repetition, the repetition level is up to network. Thus, the network would be able to configure the PRACH repetition level for subsequent access by the UE (e.g. for idle mode UEs). For the initial access, two possibilities have been considered –
· UE to select starting level. This could be based on downlink measurement (e.g. RSRP measurement) or a combination of factors (e.g. RSRP measurement and PSS/SSS detection time).
· UE to start from the lowest coverage enhancement level.
Table 1 from [3] shows the performance results of Delta RSRP (i.e. the difference between nominal and measured RSRP) at several SNR points and for different channels. Similar results have been observed for RSRQ as well [3]. From the table, it can be seen that the accuracy of the RSRP/RSRQ measurement in enhanced coverage is significantly degraded at low SNR conditions for the default 400ms measurement period. As a result, the UE may select a wrong coverage enhancement level given the range allowed by the accuracy requirement, which is to be discussed in RAN4. However, 3dB gain can be achieved by extending the measurement period from 400ms to 800ms, while the gain by further extending measurement period to 1600ms is less.
UEs that require only small amount of coverage enhancement may still be able to determine its coverage amount with a reasonable probability. For UEs in large coverage enhancement, Table 1 shows that the UE is likely to over-estimate the nominal RSRP. This will lead to UE selecting a lower PRACH repetition level than necessary. However, when compared to the alternative of starting from the lowest level, the UE may still be better off. For instance, the UE may select the immediate level rather than the lowest level. This reduces UE power consumption and also decreases interference to other cells. As a result, although UE may sometimes select a wrong coverage enhancement level, it is seen that there is a net benefit in allowing the UE to select the PRACH starting level.

It is also possible that the UE use additional information to aid in the starting level selection. For example, it could use the PSS/SSS detection time or the number of repetitions required to successfully decode the PBCH or M-SIB(s). Such complementary information can be helpful in estimating the accuracy of the downlink measurement. Furthermore, the UE can always start at the lowest level if it deems downlink measurements to be unreliable.

Proposal 1: UE in enhanced coverage selects the PRACH starting level based on at least downlink measurements.
Table 1. Simulation results of Delta RSRP with various measurement periods. 
	Channel model
	SNR (dB)
	400ms measurement period
	800ms measurement period
	1600ms measurement period

	
	
	5%-tile
	50%-tile
	95%-tile
	5%-tile
	50%-tile
	95%-tile
	5%-tile
	50%-tile
	95%-tile

	AWGN
	-3
	-1.23
	0.10
	1.15
	-0.93
	0.03
	0.85
	-0.68
	0.03
	0.69

	
	-6
	-2.90
	0.11
	1.82
	-1.80
	0.09
	1.42
	-1.27
	0.14
	1.05

	
	-9.2
	-4.17
	0.68
	3.26
	-4.22
	0.27
	2.33
	-2.87
	-0.06
	1.85

	
	-14.2
	-2.39
	3.24
	6.60
	-3.11
	2.22
	5.42
	-3.83
	1.58
	4.27

	EPA5
	-3
	-1.61
	0.10
	1.48
	-1.16
	0.02
	0.93
	-0.66
	0.03
	0.67

	
	-6
	-2.96
	0.17
	2.48
	-2.20
	0.17
	1.87
	-1.27
	0.06
	1.13

	
	-9.2
	-3.76
	1.02
	4.23
	-2.85
	0.52
	2.68
	-2.54
	0.15
	1.97

	
	-14.2
	-1.74
	3.98
	8.88
	-3.27
	2.50
	5.94
	-3.93
	1.75
	4.63

	ETU70
	-3
	-1.47
	0.06
	1.32
	-1.13
	0.01
	0.84
	-0.82
	0.01
	0.55

	
	-6
	-2.60
	0.25
	2.33
	-1.86
	0.06
	1.45
	-1.13
	0.03
	1.09

	
	-9.2
	-4.22
	0.85
	3.60
	-3.37
	0.41
	2.72
	-2.49
	0.19
	1.89

	
	-14.2
	-2.25
	3.71
	7.39
	-3.29
	2.41
	5.74
	-3.61
	1.60
	4.50


It has been agreed that multiple attempts are allowed for each PRACH repetition level, where each attempt corresponds to transmission using the configured number of repetition. This can be useful for several reasons – in case the network is operating at a higher missed detection probability, due to temporary fading, temporary high interference (e.g. due to near-far problem when multiple root sequences are used). Table 2 provide examples of the number of PRACH repetition that would be required for different target MCLs. Three different coverage enhancement techniques were used, namely, repetition, frequency hopping, and relaxing the missed detection probability.
Table 2. Examples of PRACH repetition for various coverage enhancement levels, Pmax = 23 dBm.
	Coverage Enhancement Target
	No of Transmissions Required
	Coverage Enhancement Techniques Used

	145.7 dB MCL
(0-5 dB)
	4 @ 1% Pmiss
	Repetition + 
Frequency hopping + Relaxed Pmiss Requirement

	150.7 dB MCL
(5-10 dB)
	15 @ 1% Pmiss

8 @ 3% Pmiss
	

	155.7 dB MCL
(10-15 dB)
	50 @ 1% Pmiss

20 @ 10% Pmiss
	


From the table, it can be seen that relaxing the missed detection probability can reduce the number of repetition significantly. Furthermore, based on performance results presented in [1], if the missed detection probability requirement is relaxed from 1% to 10%, it can be seen that this leads to an improvement of about 5-6 dB when frequency hopping is not used. When frequency hopping is supported, the gain from relaxing the missed detection probability from 1% to 10% is approximately 3-4 dB.
As a result of relaxing the missed detection probability, the UE may have to transmit the preamble more than once before it can be successfully detected. This would require multiple attempts are allowed for each PRACH repetition level. Furthermore, the network may support different Pmiss for each coverage enhancement level. Therefore, it is proposed that the number of attempts can be configured independently per repetition level.
Proposal 2: The number of attempts can be configured independently per repetition level.

Another pending issue is whether power ramping should be used or the UE will always transmit using the maximum power used within each repetition level. The main technical merit behind power ramping is to allow finer adjustment by the UE since CE level is coarse (e.g. 5,10,15 dB CE levels). For example, UE in the 5-10dB CE level will be configured to transmit using 8 repetitions based on Table 2 which compensates for the full 10dB coverage shortfall. However, the UE may only required 7dB and thus would be able to adjust its transmission power accordingly. This, however, requires high degree of measurement accuracy by the UE. Currently, the RSRP intra-frequency absolute accuracy is +/- 6 dB for 90% of the cases. While this level of accuracy is reasonably good for starting level selection, it is not sufficient for fine-tuning power control or power ramping parameter. Therefore, it is proposed that the UE always transmit at the maximum power within each repetition level.
Proposal 3: UE always transmit at the maximum power within each repetition level.

Based on agreements from RAN1#80 and the above proposals, the random access procedure for initial access by a UE in coverage enhancement can be summarized below –

· UE obtain PRACH parameters for supported coverage enhancement levels from the M-SIB. Example of parameters include PRACH configuration (time-frequency resource and preamble group), response window size, number of repetition for preamble, starting subframe, maximum number of transmission attempts, number of repetition for control channel, and bundle size or number of repetition for data channel.
· UE selects the PRACH starting level based at least on downlink measurements. It is also possible that the network provides a mapping based on UE’s measurements (e.g. UE should select CE level 1 if the measured RSRP is within a certain range).
· UE selects a preamble randomly from the available preamble set and transmits the preamble at the selected repetition level using maximum power. If the UE does not receive a RAR within the response window, it tries again at the same repetition level until it reaches the maximum number of attempts. It is FFS whether the UE will select a random backoff time and delay subsequent random access transmission accordingly. 
· If UE does not receive a RAR after the maximum number of attempts, it moves to the next higher repetition level.
· If UE does not receive a RAR after the maximum number of attempts at the highest repetition level, the UE selects a random backoff time and delay subsequent random access transmission using the highest repetition level by the backoff time. UE should indicate a Random Access problem to upper layers.
3
Conclusion
In this contribution, we consider random access procedure for UEs in coverage enhancement. The following proposals are made –

Proposal 1: UE in enhanced coverage selects the PRACH starting level based on at least downlink measurements.
Proposal 2: The number of attempts can be configured independently per repetition level.

Proposal 3: UE always transmit at the maximum power within each repetition level.
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