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[bookmark: OLE_LINK13][bookmark: OLE_LINK14]Introduction
At RAN4#83 improvement of measurement accuracy of non-BL UEs operating in CE Mode B was discussed. In a WF [1] it was agreed that companies would look into whether the measurement accuracy can be improved by having the non-BL UE using both receiver branches when operating in CE Mode B. Several companies provided input to RAN4#84 in Berlin, but the meeting arrangement was too tight to allow discussions about the results.
In this contribution we are compiling the results provided by companies at RAN4#84, and proposing tightened requirements for non-BL UEs operating in CE Mode B. 
For justifications on why it would be desirable to improve the measurement accuracy, see [1].
Since RSRQ measurement accuracy requirements for BL UE in CE Mode B are to be agreed at RAN4#84bis, it is suggested that non-BL/CE RSRQ measurement accuracy requirements are revisited at RAN4#85.  
Discussion
Simulation results
Simulation results were provided by Huawei [3], Intel [4], and Ericsson [5], and are summarized in the tables below. The columns maximum absolute deviation (Max abs deviation) refers to the largest deviation of the 5th and 95th percentiles to the theoretical value.
[bookmark: _Ref494564383]Table 1: RSRP Huawei results
	Ês/Iot
	Channel
	1Rx
[dB]
	2Rx
[dB]
	Max abs deviation
[dB]

	
	
	5th
	95th
	5th
	95th
	1Rx
	2Rx

	-15
	AWGN
	-7.46
	3.17
	-5.26
	2.45
	7.46
	5.26

	
	ETU 1Hz
	-7.15
	3.44
	-5.42
	2.47
	7.15
	5.42

	
	EPA 1Hz
	-5.89
	4.47
	-4.68
	2.83
	5.89
	4.68

	
	
	7.46
	5.42

	-12
	AWGN
	-3.35
	1.99
	-2.32
	1.51
	3.35
	2.32

	
	ETU 1Hz
	-4.15
	1.92
	-2.98
	1.32
	4.15
	2.98

	
	EPA 1Hz
	-4.19
	2.68
	-2.46
	1.63
	4.19
	2.46

	
	
	4.19
	2.98

	-6
	AWGN
	-0.83
	0.67
	-0.56
	0.52
	0.83
	0.56

	
	ETU 1Hz
	-1.21
	0.53
	-0.93
	0.31
	1.21
	0.93

	
	EPA 1Hz
	-1.08
	0.87
	-0.61
	0.52
	1.08
	0.61

	
	
	1.21
	0.93





[bookmark: _Ref494564408]Table 2: RSRP Intel results
	Ês/Iot
	Channel
	1Rx
[dB]
	2Rx
[dB]
	Max abs deviation
[dB]

	
	
	5th
	95th
	5th
	95th
	1Rx
	2Rx

	-15
to 
-12
	AWGN
	
	
	
	2.6

	
	ETU 1Hz
	
	
	
	3.5

	
	EPA 1Hz
	
	
	
	4.2

	
	
	
	4.2

	-12
to
-6
	AWGN
	
	
	
	1.2

	
	ETU 1Hz
	
	
	
	1.6

	
	EPA 1Hz
	
	
	
	2.1

	
	
	
	2.1



[bookmark: _Ref494564418]Table 3: RSRP Ericsson results
	Ês/Iot
	Channel
	1Rx
[dB]
	2Rx
[dB]
	Max abs deviation
[dB]

	
	
	5th
	95th
	5th
	95th
	1Rx
	2Rx

	-15
to 
-12
	AWGN
	
	
	2.2
	2.4

	
	ETU 1Hz
	
	
	4.1
	3.1

	
	EPA 1Hz
	
	
	3.4
	3.9

	
	
	4.1
	3.9

	-12
to
-6
	AWGN
	
	
	1.3
	1.5

	
	ETU 1Hz
	
	
	5.5
	3.3

	
	EPA 1Hz
	
	
	4.2
	3.8

	
	
	5.5
	3.8




Table 4: RSRQ Huawei results
	Ês/Iot
	Channel
	1Rx
[dB]
	2Rx
[dB]
	Max abs deviation
[dB]

	
	
	5th
	95th
	5th
	95th
	1Rx
	2Rx

	-15
	AWGN
	-7.71
	3.11
	-5.38
	2.47
	7.71
	5.38

	
	ETU 1Hz
	-7.31
	3.43
	-5.34
	2.49
	7.31
	5.34

	
	EPA 1Hz
	-6.05
	4.46
	-5.12
	2.8
	6.05
	5.12

	
	
	7.71
	5.38

	-12
	AWGN
	-3.38
	1.98
	-2.41
	1.46
	3.38
	2.41

	
	ETU 1Hz
	-4.06
	1.96
	-3.08
	1.35
	4.06
	3.08

	
	EPA 1Hz
	-4.58
	2.74
	-2.57
	1.65
	4.58
	2.57

	
	
	4.58
	3.08

	-6
	AWGN
	-0.84
	0.66
	-0.54
	0.49
	0.84
	0.54

	
	ETU 1Hz
	-1.27
	0.52
	-1.01
	0.31
	1.27
	1.01

	
	EPA 1Hz
	-1.18
	0.93
	-0.68
	0.56
	1.18
	0.68

	
	
	1.27
	1.01






Table 5: RSRQ Ericsson results
	Ês/Iot
	Channel
	1Rx
[dB]
	2Rx
[dB]
	Max abs deviation
[dB]

	
	
	5th
	95th
	5th
	95th
	1Rx
	2Rx

	-15
to 
-12
	AWGN
	
	
	2.2
	2.3

	
	ETU 1Hz
	
	
	4.1
	3.0

	
	EPA 1Hz
	
	
	3.2
	3.7

	
	
	4.1
	3.7

	-12
to
-6
	AWGN
	
	
	1.3
	1.5

	
	ETU 1Hz
	
	
	5.0
	3.1

	
	EPA 1Hz
	
	
	3.8
	3.5

	
	
	5.0
	3.5



Proposed RSRP requirements for non-BL/CE UE in CE Mode B
The existing RSRP measurement accuracy requirements for BL UE in CE Mode B are as follows below.
Table 9.1.21.3-1: RSRP Intra frequency absolute accuracy for UE category M1 with CE mode B for FDD and TDD 
	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-M1_A, TDD-M1_A
	-121
	N/A
	-70

	
	
	
	FDD-M1_D
	-119.5
	N/A
	-70

	
	
	
	FDD-M1_E, TDD-M1_E
	-119
	N/A
	-70

	7
	10
	-12 dB
	FDD-M1_F
	-118.5
	N/A
	-70

	
	
	
	FDD-M1_G
	-118
	N/A
	-70

	
	
	
	FDD-M1_N
	-114.5
	N/A
	-70

	10
	13
	-15≤Ês/Iot≤-12 dB
	FDD-M1_A, TDD-M1_A, FDD-M1_D, FDD-M1_E, TDD-M1_E, FDD-M1_F, FDD-M1_G, FDD-M1_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.



Studying the simulation results provided by the companies, one can see that for 1 Rx the result provided by Huawei (Table 1) is very close to the existing requirement in the range -15 ≤ Ês/Iot < -12dB, however there is a gain in accuracy of 1dB when using 2 Rx branches. The results provided for 2 Rx by Intel (Table 2) and Ericsson (Table 3) are on par with each other and have more margin to the existing requirements.
For the range -12 ≤ Ês/Iot < -6dB, the result provided by Ericsson (Table 3) has the least margin to the requirements both for 1 Rx and 2 Rx. The gain in accuracy when using 2 Rx is about 1.7dB, suggesting that the RSRP measurement accuracy can be tightened by at least 1dB.
Based on the simulation results, we therefore propose to tighten the RSRP intra-frequency absolute accuracy requirements over the range -15 ≤ Ês/Iot < -6dB by 1dB, whereby a tentative requirement may look as follows.
Table 9.X.Y.Z-1: RSRP Intra frequency absolute accuracy for non-BL/CE UE operating in CE mode B for FDD and TDD 
	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

	7
	10
	-15≤Ês/Iot≤-12 dB
	FDD-M1_A, TDD-M1_A
	-121
	N/A
	-70

	
	
	
	FDD-M1_D
	-119.5
	N/A
	-70

	
	
	
	FDD-M1_E, TDD-M1_E
	-119
	N/A
	-70

	6
	9
	-12 dB
	FDD-M1_F
	-118.5
	N/A
	-70

	
	
	
	FDD-M1_G
	-118
	N/A
	-70

	
	
	
	FDD-M1_N
	-114.5
	N/A
	-70

	9
	12
	-15≤Ês/Iot≤-12 dB
	FDD-M1_A, TDD-M1_A, FDD-M1_D, FDD-M1_E, TDD-M1_E, FDD-M1_F, FDD-M1_G, FDD-M1_N
	N/A
	-70
	-50

	8
	11
	-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.



Proposal 1: In CE Mode B, a non-BL/CE UE shall fulfil an RSRP intra-frequency absolute requirement that is 1dB tighter then the corresponding requirement for a BL/CE UE.

Summary and Conclusion
In this contribution we have studied the simulation results provided by companies at RAN4#84, and see an opportunity of tightening the RSRP intra-frequency accuracy requirement for a non-BL/CE UE that operates in CE Mode B, compared to the corresponding requirements for a BL/CE UE operating under same conditions. We make the following proposal.
Proposal 1: In CE Mode B, a non-BL/CE UE shall fulfil an RSRP intra-frequency absolute requirement that is 1dB tighter then the corresponding requirement for a BL/CE UE.
Remaining RSRP requirements under CE Mode B can be derived from this value in similar fashion to how the new requirements for efeMTC were derived.
Due to that RSRQ measurement accuracy requirements for BL/CE UE in CE Mode B have not been agreed yet, we suggest that RSRQ is revisited at RAN4#85.
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