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1 Introduction
In this contribution we discuss a potential issue with the starting PRACH CE level selection for BL/CE UEs and propose that RAN1 considers recommending a modification of the RAN2 procedure and the RAN4 test case at least for CE mode B.

2 Discussion

2.1 Starting PRACH CE level selection procedure

A Rel-13 BL/CE UE selects its starting PRACH CE level based on RSRP measurements. The starting PRACH CE level selection procedure is specified in TS 36.321 section 5.1.1 [1].

· A network supporting CE mode A has up to 2 PRACH CE levels {0, 1} associated with 1 RSRP threshold.
· A network supporting CE mode B has up to 4 PRACH CE levels {0, 1, 2, 3} associated with 3 RSRP thresholds.
In cells supporting CE mode B, the 4 PRACH CE levels were designed to target a coverage enhancement up to 15-18 dB [2]

 REF _Ref465780579 \r \h 
[3]

 REF _Ref465780581 \r \h 
[4]. Therefore, in a real network deployment the corresponding RSRP thresholds can be expected to be approximately 5 dB apart.

Observation 1 In a real network deployment, the RSRP thresholds for the starting PRACH CE level selection can be expected to be approximately 5 dB apart.

2.2 RSRP measurement accuracy

The RSRP measurement can be very inaccurate at low SNR levels [5]. The accuracy requirements are specified in TS 36.133 section 9.1.21 [6].

· As shown in the table below, under normal conditions the required RSRP measurement accuracy for a Cat-M1 UE is (8 dB for low SNR levels in CE mode B, and under other conditions the inaccuracy can be even larger.

· The UE is required to achieve the specified accuracy in 90% of the measurements, and in the remaining 10% of the measurements the accuracy can be even larger.
· The accuracy requirement concerns static AWGN channel. For other channel conditions, the accuracy can be expected to be worse.

As a consequence, there seems to be a risk that the RSRP measurement inaccuracy will be large compared to the distance between the RSRP thresholds in real network.
Observation 2 RSRP measurement inaccuracy at low SNR can be larger than (8 dB and possibly even larger than (10 dB.

TS 36.133 Table 9.1.21.3-2: RSRP Intra frequency absolute accuracy for UE category M1 with CE mode B for HD-FDD 

	Accuracy
	Conditions

	Normal condition
	Extreme condition
	Ês/Iot
	Io Note 1 range

	
	
	
	E-UTRA operating band groups Note 3
	Minimum Io
	Maximum Io

	dB
	dB
	dB
	
	dBm/15kHz Note 2
	dBm/BWChannel
	dBm/BWChannel

	(8
	(11
	-15≤Ês/Iot≤-12 dB
	FDD_A
	-121
	N/A
	-70

	
	
	
	FDD_D
	-119.5
	N/A
	-70

	
	
	
	FDD_E
	-119
	N/A
	-70

	(7
	(10
	(-12 dB
	FDD_F
	-118.5
	N/A
	-70

	
	
	
	FDD_G
	-118
	N/A
	-70

	
	
	
	FDD_N
	-114.5
	N/A
	-70

	(10
	(13
	-15≤Ês/Iot≤-12 dB
	FDD_A, FDD_D, FDD_E, FDD_F, FDD_G, FDD_N
	N/A
	-70
	-50

	(9
	(12
	(-12 dB
	
	
	
	

	NOTE 1:
Io is assumed to have constant EPRE across the bandwidth.

NOTE 2:
The condition level is increased by ∆>0, when applicable, as described in Sections B.4.2 and B.4.3.

NOTE 3:
E-UTRA operating band groups are as defined in Section 3.5.


2.3 Starting PRACH CE level selection test case

The August RAN4 meeting agreed PRACH test cases [7]

 REF _Ref465771889 \r \h 
[8]
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[9] which are now incorporated in TS 36.133 sections A.6.2.13 through A.6.2.15 [5].

· The test is designed so that a UE is likely to select the appropriate starting PRACH CE level even if the RSRP measurement accuracy is bad. Therefore, the RSRP thresholds in the test were selected to be 10 dB apart rather than e.g. 5 dB apart.
· Furthermore, in the October RAN4 meeting it was discussed to increase the distance between the thresholds even further to 20 dB in order to ensure that the UE selects the right starting PRACH CE level with high probability in the test [10].

It seems that the PRACH test case as it is currently specified may not be sufficient to ensure proper starting PRACH CE level selection in a practical deployment where the thresholds are e.g. 5 dB apart.

Observation 3 A PRACH test case with RSRP thresholds 10-20 dB apart may not be sufficient to ensure proper starting PRACH CE level selection in a practical deployment with thresholds e.g. 5 dB apart.
2.4 Consequences of inaccurate starting PRACH CE level selection

There can potentially be negative consequences if the starting PRACH CE level selection is frequently inaccurate:

· Selecting a too low starting PRACH CE level will result in the UE ramping up to the correct level. This is not optimal but it is bearable for both the UE and the system.

· But especially in CE mode B, selecting too high starting PRACH CE level will cause excessive repetition. The excessive repetition affects PRACH, potentially causing high-powered interference towards other UEs with weaker signal. The excessive repetition also affects MPDCCH, PDSCH, PUSCH and PUCCH transmissions for Msg2, Msg3, Msg4 and other following messages until eNB has a chance to reconfigure the UE into the right CE mode.

If nothing else is done to address this issue, eNB may have no choice but to configure very conservative (i.e. very low) RSRP thresholds in order to ensure that only UEs in very bad coverage select the highest starting PRACH CE levels. There are drawbacks with this approach:

· Configuring very conservative RSRP thresholds will unfairly punish UE implementations that are able to perform a more accuracy RSRP measurement than what is required in TS 36.133. A UE would have very small incentive to perform better in terms of RSRP measurement accuracy.

· If eNB configures the RSRP thresholds to be very low, the probability that the UE measures RSRP corresponding to the highest PRACH CE levels might become so small that manyUEs are effectively forced to start on an unnecessarily low starting PRACH CE level.

Hence it is desired that the UE performs proper starting PRACH CE level selection, at least avoiding that the UE frequently selects a too high starting PRACH CE level.

Observation 4 Selection of a too high starting PRACH CE level leads to excessive repetition of PRACH, MPDCCH, PDSCH, PUSCH and PUCCH both during and after the random access procedure.
2.5 Alternative starting PRACH CE level selection test criterion

The August RAN4 meeting discussed an alternative test criterion [11]:
· The test case for starting PRACH CE level selection can take the RSRP measurement inaccuracy into account by requiring that the UE does not select a too high level in more than (e.g.) 10% of the PRACH attempts

· The test case would be neutral to whether the UE selects the optimal starting level or a lower starting level but it would ensure that the UE does not select a too high level too frequently

· The reformulation of the test criterion would allow the RSRP thresholds in the test case (and in real networks) to be 5 dB apart instead of 10-20 dB apart

However, it seems a bit unclear whether RAN4 by itself can adopt the proposed reformulation in light of the starting PRACH CE level selection procedure specified in TS 36.321 [1] and the RSRP measurement accuracy requirement specified in TS 36.133 [5].
2.6 Proposed way forward

In order to facilitate the RAN4 discussion, we have the following proposal:
Proposal 1 We propose that RAN1 respectfully asks RAN2 in an LS to consider the following change in TS 36.213 section 5.1.1:

-     if the RSRP threshold of enhanced coverage level 3 is configured by upper layers in rsrp-ThresholdsPrachInfoList and the measured RSRP is less than the RSRP threshold of enhanced coverage level 3 and the UE is capable of enhanced coverage level 3 then:
-     the MAC entity considers to be in selects enhanced coverage level 0, 1, 2 or 3;

-     else if the RSRP threshold of enhanced coverage level 2 configured by upper layers in rsrp-ThresholdsPrachInfoList and the measured RSRP is less than the RSRP threshold of enhanced coverage level 2 and the UE is capable of enhanced coverage level 2 then:

-     the MAC entity considers to be in selects enhanced coverage level 0, 1 or 2;

-     else if the measured RSRP is less than the RSRP threshold of enhanced coverage level 1 as configured by upper layers in rsrp-ThresholdsPrachInfoList then:

-     the MAC entity considers to be in selects enhanced coverage level 0 or 1;

-     else:

-     the MAC entity considers to be in enhanced coverage level 0;

Proposal 2 We propose that RAN1 respectfully asks RAN4 in an LS to consider the following:
1. In order to cover the targeted PRACH coverage enhancement in CE mode B, the RSRP thresholds should be around 5 dB apart rather than 10-20 dB apart.
2. Stress the importance of UEs supporting CE mode B not frequently selecting a too high starting PRACH CE level.
3. Propose that, at least for UEs capable of CE mode B, RAN4 considers a reformulation of the test criterion from

The UE shall select PRACH resources and transmits or re- transmits PRACH preambles using the PRACH resources and PRACH configuration corresponding to the coverage enhancement level X.

to

The UE shall select PRACH resources and transmits or re- transmits PRACH preambles using the PRACH resources and PRACH configuration corresponding to the coverage enhancement level ≤X.

where X is the tested starting PRACH CE level.
3 Conclusion

We make the following observations.
Observation 1
In a real network deployment, the RSRP thresholds for the starting PRACH CE level selection can be expected to be approximately 5 dB apart.
Observation 2
RSRP measurement inaccuracy at low SNR can be larger than (8 dB and possibly even larger than (10 dB.
Observation 3
A PRACH test case with RSRP thresholds 10-20 dB apart may not be sufficient to ensure proper starting PRACH CE level selection in a practical deployment with thresholds e.g. 5 dB apart.
Observation 4
Selection of a too high starting PRACH CE level leads to excessive repetition of PRACH, MPDCCH, PDSCH, PUSCH and PUCCH both during and after the random access procedure.


We have the following proposals.
Proposal 1
We propose that RAN1 respectfully asks RAN2 in an LS to consider the following change in TS 36.213 section 5.1.1:

-     if the RSRP threshold of enhanced coverage level 3 is configured by upper layers in rsrp-ThresholdsPrachInfoList and the measured RSRP is less than the RSRP threshold of enhanced coverage level 3 and the UE is capable of enhanced coverage level 3 then:
-     the MAC entity considers to be in selects enhanced coverage level 0, 1, 2 or 3;

-     else if the RSRP threshold of enhanced coverage level 2 configured by upper layers in rsrp-ThresholdsPrachInfoList and the measured RSRP is less than the RSRP threshold of enhanced coverage level 2 and the UE is capable of enhanced coverage level 2 then:

-     the MAC entity considers to be in selects enhanced coverage level 0, 1 or 2;

-     else if the measured RSRP is less than the RSRP threshold of enhanced coverage level 1 as configured by upper layers in rsrp-ThresholdsPrachInfoList then:

-     the MAC entity considers to be in selects enhanced coverage level 0 or 1;

-     else:

-     the MAC entity considers to be in enhanced coverage level 0;
Proposal 2
We propose that RAN1 respectfully asks RAN4 in an LS to consider the following:


1. In order to cover the targeted PRACH coverage enhancement in CE mode B, the RSRP thresholds should be around 5 dB apart rather than 10-20 dB apart.
2. Stress the importance of UEs supporting CE mode B not frequently selecting a too high starting PRACH CE level.
3. Propose that, at least for UEs capable of CE mode B, RAN4 considers a reformulation of the test criterion from

The UE shall select PRACH resources and transmits or re- transmits PRACH preambles using the PRACH resources and PRACH configuration corresponding to the coverage enhancement level X.

to

The UE shall select PRACH resources and transmits or re- transmits PRACH preambles using the PRACH resources and PRACH configuration corresponding to the coverage enhancement level ≤X.

where X is the tested starting PRACH CE level.

RAN1 may choose to adjust the proposals so that they only propose modifications for the CE mode B case.
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