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1. Introduction

In previous RAN4 meetings we showed the gain of 4Rx in demodulation and RRM, respectively. In last RAN4 #84, it was agreed to define two set of demodulation performance requirements separately for 2Rx and 4Rx. However, no consensus was reached for RRM requirements.
In this contribution we provide updated RRM simulation results and further discuss the potential 4Rx RRM requirements.
2. Discussion

Firstly, here we’d like to summarize the RRM requirements which are dependent on the number of UE receive antenna ports. And then we provide corresponding analysis on the impact from the number of antennas.

1) Cell search delay
2) measurement
3) RLM
4) system information acquisition delay

2.1. cell search delay
Cell search delay is one of the critical RRM requirements in both idle and connected mode to guarantee the UE mobility. The delay is the total time allowed for the UE to acquire the complete timing information of target cell. In LTE, cell search delay is the time for PSS and SSS synchronization. As for NR, according to RAN1 design, NR-PSS and NR-SSS only cover partial timing information of a cell. To acquire complete timing of target cell, UE also needs to get the SS block time index of current receive beam, which is carried by NR-PBCH. Therefore, cell search delay in NR should consist of PSS/SSS detection and SS block time index reading.

Observation 1: cell search delay in NR should consist of time duration of PSS/SSS detection and SS block time index reading.
In last meeting we provide simulation results for 5ms SS burst set periodicity. Here we provide results for 40ms results for discussion. 

Table 1. The 90%-iles PSS/SSS acquisition time with SNR = -6dB for sub-6GHz
	Scenario
	Case
	AWGN
	EPA5
	ETU30
	TDL-A
	TDL-B
	TDL-C
	TDL-D

	15KHz; 2Rx
	#1
	1
	2
	2
	2
	2
	2
	2

	
	#2
	1
	2
	3
	2
	2
	2
	2

	
	#3
	1
	2
	2
	2
	2
	2
	2

	
	#4
	1
	2
	2
	2
	2
	2
	2

	15KHz; 4Rx
	#1
	1
	1
	2
	2
	1
	1
	1

	
	#2
	1
	1
	2
	1
	2
	2
	1

	
	#3
	1
	1
	2
	1
	1
	1
	1

	
	#4
	1
	1
	2
	1
	2
	1
	1

	30KHz; 2Rx
	#1
	1
	2
	3
	2
	2
	2
	2

	
	#2
	1
	2
	2
	2
	2
	2
	2

	
	#3
	1
	2
	3
	2
	2
	2
	2

	
	#4
	1
	2
	3
	2
	2
	2
	2

	30KHz; 4Rx
	#1
	1
	2
	3
	2
	2
	2
	1

	
	#2
	1
	2
	2
	2
	2
	2
	1

	
	#3
	1
	1
	3
	2
	2
	1
	1

	
	#4
	1
	2
	3
	2
	2
	2
	1


Table 2. The 90%-iles PSS/SSS acquisition time with SNR = -6dB for above 6GHz
	Scenario
	Case
	AWGN
	EPA5
	TDL-A
	TDL-B
	TDL-C
	TDL-D

	120KHz; 2Rx
	#1
	1
	2
	2
	2
	2
	2

	
	#2
	1
	2
	3
	3
	2
	2

	
	#3
	1
	2
	2
	2
	2
	2

	
	#4
	1
	2
	2
	2
	2
	2

	120KHz; 4Rx
	#1
	1
	2
	2
	2
	2
	2

	
	#2
	1
	2
	2
	2
	2
	2

	
	#3
	1
	2
	2
	2
	2
	2

	
	#4
	1
	2
	2
	2
	2
	2

	240KHz; 2Rx
	#1
	1
	4
	3
	3
	3
	2

	
	#2
	1
	6
	3
	4
	3
	3

	
	#3
	1
	4
	3
	3
	3
	2

	
	#4
	1
	4
	3
	3
	3
	2

	240KHz; 4Rx
	#1
	1
	3
	2
	3
	2
	2

	
	#2
	1
	4
	2
	4
	2
	3

	
	#3
	1
	3
	2
	3
	2
	2

	
	#4
	1
	3
	2
	3
	3
	2


It can be observed in above table that 4Rx can facilitate the PSS/SSS detection time in some extent.
On the other hand, as mentioned above, to acquire complete timing information, UE also needs to read the SS block time index carried by NR-PBCH. For this part we believe 4Rx UE can achieve better performance than 2Rx UE. It has been agreed in RAN1 that NR-PBCH will be transmitted by single antenna port. Nevertheless, 4Rx UE can also get Rx diversity gain, 3dB in theory, compared to 2Rx UE. Without simulation, we cannot get the exact gain of 4Rx in this aspect. However, it is rational to assume that 3dB gain will reduce the time for SS block time index reading a lot.
Combined with the gain in PSS/SS detection, 4Rx can save quite a lot of time in cell search.

Observation 2: 4Rx can reduce cell search delay compared to 2Rx.
2.2. Measurement

Measurement related RRM requirements contain measurement period, accuracy, reporting delay and etc. Basically, these requirements are coupled with each other. Here we provide measurement accuracy simulation results according to the approved simulation assumptions in [3]:
Table 3. Delta-RSRP measured on NR-SSS (SCS = 15 KHz)
	15KHz

	Propagation condition
	SINR [dB]
	2Rx
	4Rx
	Relative accuracy gain
	Absolute accuracy gain

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

	AWGN
	-8
	-0.73
	0.31
	1.23
	1.04
	0.92
	-0.16
	0.66
	1.38
	0.82
	0.72
	21.15%
	-12.20%

	
	-7
	-0.62
	0.27
	1.09
	0.89
	0.82
	-0.11
	0.55
	1.19
	0.66
	0.64
	25.84%
	-9.17%

	
	-6
	-0.58
	0.2
	0.96
	0.78
	0.76
	-0.16
	0.45
	1.07
	0.61
	0.62
	20.51%
	-11.46%

	EPA5
	-8
	-1.26
	-0.04
	1.12
	1.22
	1.16
	-1.02
	0.01
	0.93
	1.03
	0.92
	15.57%
	19.05%

	
	-7
	-1.17
	-0.05
	0.94
	1.12
	0.99
	-0.78
	0.01
	0.81
	0.79
	0.8
	28.57%
	30.77%

	
	-6
	-0.89
	-0.05
	0.76
	0.84
	0.81
	-0.68
	-0.02
	0.66
	0.66
	0.68
	19.05%
	23.60%

	ETU30
	-8
	-1.15
	0.01
	1.09
	1.16
	1.08
	-0.92
	0.08
	0.99
	1
	0.91
	13.79%
	13.91%

	
	-7
	-0.93
	-0.03
	0.88
	0.9
	0.91
	-0.77
	0.08
	0.85
	0.85
	0.77
	6.59%
	8.60%

	
	-6
	-0.86
	-0.01
	0.74
	0.85
	0.75
	-0.7
	0.02
	0.76
	0.72
	0.74
	12.94%
	11.63%

	TDL-A
	-8
	-1.11
	-0.03
	0.94
	1.08
	0.97
	-0.95
	0.03
	0.88
	0.98
	0.85
	9.26%
	14.41%

	
	-7
	-0.99
	0
	0.88
	0.99
	0.88
	-0.82
	0.03
	0.84
	0.85
	0.81
	14.14%
	15.15%

	
	-6
	-0.9
	-0.05
	0.78
	0.85
	0.83
	-0.72
	-0.03
	0.69
	0.69
	0.72
	15.29%
	20.00%

	TDL-B
	-8
	-1.2
	-0.02
	1.05
	1.18
	1.07
	-0.91
	0.03
	0.98
	0.94
	0.95
	19.49%
	18.33%

	
	-7
	-1.02
	-0.04
	0.89
	0.98
	0.93
	-0.82
	0.03
	0.82
	0.85
	0.79
	13.27%
	19.61%

	
	-6
	-0.93
	-0.03
	0.78
	0.9
	0.81
	-0.75
	0.02
	0.72
	0.77
	0.7
	14.44%
	19.35%

	TDL-C
	-8
	-1.18
	-0.02
	1.1
	1.16
	1.12
	-0.95
	0.03
	0.93
	0.98
	0.9
	15.52%
	19.49%

	
	-7
	-1.05
	-0.04
	0.85
	1.01
	0.89
	-0.79
	0.02
	0.77
	0.81
	0.75
	19.80%
	24.76%

	
	-6
	-0.87
	-0.05
	0.73
	0.82
	0.78
	-0.72
	-0.03
	0.69
	0.69
	0.72
	12.20%
	17.24%


It can be observed from above table that 4Rx can achieve some improvement (from 9% to 28%) in measurement accuracy compared to 2Rx. More simulation results can be found in appendix. Similar situation can be found in LTE. The legacy absolute RSRP accuracy in normal condition was (6 dB until it was tightened in release 12. When category 0 (UE with 1Rx) was introduced, simulation campaign occurred and the results showed that the measurement accuracy degraded by about 1dB due to less receive antenna ports. Even after RF margin tightening, 2Rx UE also performs better in measurement accuracy compared to 1Rx UE. For instance, UE category 1bis was introduced in release 14, the absolute RSRP measurement accuracy of which is 5.5 dB, also 1dB relaxed on top of 2Rx UE.
Observation 3: 4Rx can improve measurement performance compared to 2Rx.
2.3. RLM

Lack of stable input from other groups, RAN4 is now unable to evaluate the RLM performance in NR. Nevertheless, fruitful outcome of RLM study in LTE can be used as reference.
In LTE, 2Rx is assumed as baseline receiver. Corresponding RLM core requirements as well as test cases were introduced since release 8. These requirements were revisited in the work item LTE DL 4 Rx antenna ports in release 13. The outcome related to RLM of the WID was that two different types of UE were categorized, type 1 and type 2, respectively. The definitions of these two types of UE are informatively duplicated here:

Type 1: 4RX capable UEs that support at least one 2RX band
Type 2: 4RX capable UEs which do not support any 2RX band
For type 1 UE, legacy 2Rx RRM test cases shall be tested on any band where 2Rx is supported with certain antenna connection specified in TS36.133 section A.8.3.1.2.3
For type 2 UE, since there is no supported 2Rx band for them, RLM shall be tested with all the 4Rx connected. Furthermore, in these new tests the SNR level of out-of-sync were lowered 3.5dB compared to legacy 2Rx tests. That means 4Rx can achieve 3.5dB downlink coverage enhancement compared to 2Rx. We’d like to remind that during the discussion of this work item some companies mentioned that in real practise there are some scenarios that the coverage is limited by downlink performance. Hence we believe 4Rx can somehow alleviate this problem. Even in normal coverage scenario, 4Rx can also provide more robust downlink performance.
Observation 4: 4Rx can provides more robust downlink performance, e.g. in RLM, compared to 2Rx.
2.4. System information acquisition delay
System information contains some necessary information for UE to access. Usually network may not be able to forward these informations of neighbour cells to UE in idle mode. Therefore, UE needs to acquire these critical information in order to access the network. For instance, in LTE after UE decides to reselect to a neighbour cell UE needs a certain time period to read the system information of the target cell. Although this time period TSI is not explicitly specified in core requirements, this requirement is verified in corresponding cell reselection test case, as well as the RRC re-establishment test case.
As mentioned above in section 2.1, there could be 3dB improvement for 4Rx UE in system information demodulation performance compared to 2Rx, theoretically. This 3dB can reduce the system information acquisition delay and eventually facilitate cell reselection and RRC re-establishment procedure.
According to the agreed simulation assumption in [4], simulation results are provided here:

Table 4. simulation results of NR-PBCH and acquisition time
	Case
	2Rx
	4Rx

	Payload length (including CRC)
	Propagation condition
	SNR [dB]
	BLER
	Number of acquisition attempts
	PBCH acquisition time [<ms]
	BLER
	Number of acquisition attempts
	PBCH acquisition time [<ms]

	56 bits
	AWGN
	-14
	0.5151
	7
	125
	0.1508
	3
	45

	
	
	-12
	0.0879
	2
	25
	0.0068
	1
	5

	
	
	-10
	0.0024
	1
	5
	0
	1
	5

	
	
	-8
	0.0001
	1
	5
	0
	1
	5

	
	TDL-C

100ns

3km/h
	-10
	0.1936
	3
	45
	0.0265
	2
	25

	
	
	-8
	0.0749
	2
	25
	0.0035
	1
	5

	
	
	-6
	0.0226
	2
	25
	0.0001
	1
	5

	
	
	-4
	0.0041
	1
	5
	0
	1
	5

	64 bits
	AWGN
	-14
	0.3859
	5
	85
	0.2225
	4
	65

	
	
	-12
	0.0517
	2
	25
	0.0118
	2
	25

	
	
	-10
	0.0016
	1
	5
	0
	1
	5

	
	
	-8
	0
	1
	5
	0
	1
	5

	
	TDL-C

100ns

3km/h
	-10
	0.2394
	4
	65
	0.0444
	2
	25

	
	
	-8
	0.0954
	2
	25
	0.0083
	1
	5

	
	
	-6
	0.0292
	2
	25
	0.0005
	1
	5

	
	
	-4
	0.0081
	1
	5
	0
	1
	5


Focusing on 1% BLER, it can be observed almost 4dB gain in TDL-C channel for 4Rx. From delay perspective, 4Rx can reduced the number of sample used for PBCH demodulation by 1, i.e. assuming 20ms SS burst set periodicity, PBCH acquisition time can be reduced by 20ms. Note that for longer SS burst set periodicity, 4Rx can achieve even more improvement.
Observation 5: 4Rx can reduce the system information acquisition delay and eventually facilitate cell reselection and RRC re-establishment procedure compared to 2Rx.
3. Conclusions
In this contribution, we show some simulation results and evidence that 4Rx can significantly improve UE RRM performance compared to 2Rx. After discussion the following conclusions are provided.
Observation 1: cell search delay in NR should consist of time duration of PSS/SSS detection and SS block time index reading.
Observation 2: 4Rx can reduce cell search delay compared to 2Rx.
Observation 3: 4Rx can improve measurement performance compared to 2Rx.
Observation 4: 4Rx can provides more robust downlink performance, e.g. in RLM, compared to 2Rx.
Observation 5: 4Rx can reduce the system information acquisition delay and eventually facilitate cell reselection and RRC re-establishment procedure compared to 2Rx.
Proposal 1: RAN4 is to specify two sets of RRM requirements separately for 4Rx and 2Rx.
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5. Appendix

· Measurement accuracy

Table 5. Delta-RSRP measured on NR-SSS (SCS = 30 KHz)
	30KHz

	Propagation condition
	SINR [dB]
	2Rx
	4Rx

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

	AWGN
	-8
	-0.8
	0.33
	1.34
	1.13
	1.01
	-0.13
	0.61
	1.42
	0.74
	0.81

	
	-7
	-0.64
	0.26
	1.11
	0.9
	0.85
	-0.13
	0.55
	1.18
	0.68
	0.63

	
	-6
	-0.52
	0.21
	0.94
	0.73
	0.73
	-0.13
	0.44
	1.06
	0.57
	0.62

	EPA5
	-8
	-1.27
	-0.05
	1.09
	1.22
	1.14
	-0.98
	0
	0.85
	0.98
	0.85

	
	-7
	-1.11
	-0.02
	0.96
	1.09
	0.98
	-0.87
	-0.02
	0.77
	0.85
	0.79

	
	-6
	-0.85
	-0.04
	0.79
	0.81
	0.83
	-0.74
	-0.02
	0.65
	0.72
	0.67

	ETU30
	-8
	-1.28
	-0.09
	0.94
	1.19
	1.03
	-1.03
	-0.02
	0.88
	1.01
	0.9

	
	-7
	-1.15
	-0.12
	0.76
	1.03
	0.88
	-0.94
	-0.05
	0.75
	0.89
	0.8

	
	-6
	-0.94
	-0.12
	0.66
	0.82
	0.78
	-0.79
	-0.08
	0.65
	0.71
	0.73

	TDL-A
	-8
	-1.17
	-0.05
	1
	1.12
	1.05
	-0.91
	0.06
	0.98
	0.97
	0.92

	
	-7
	-0.96
	-0.05
	0.9
	0.91
	0.95
	-0.84
	0.01
	0.82
	0.85
	0.81

	
	-6
	-0.88
	-0.03
	0.78
	0.85
	0.81
	-0.68
	0
	0.71
	0.68
	0.71

	TDL-B
	-8
	-1.25
	-0.03
	1.07
	1.22
	1.1
	-0.97
	0.05
	0.97
	1.02
	0.92

	
	-7
	-0.99
	0.04
	0.91
	1.03
	0.87
	-0.88
	0.02
	0.65
	0.9
	0.63

	
	-6
	-0.9
	-0.04
	0.73
	0.86
	0.77
	-0.7
	-0.04
	0.73
	0.66
	0.77

	TDL-C
	-8
	-1.16
	0.03
	1.05
	1.19
	1.02
	-0.85
	0.01
	0.97
	0.86
	0.96

	
	-7
	-1.08
	0
	0.95
	1.08
	0.95
	-0.84
	0.01
	0.74
	0.85
	0.73

	
	-6
	-0.9
	-0.05
	0.71
	0.85
	0.76
	-0.73
	0.01
	0.74
	0.74
	0.73


Table 6. Delta-RSRP measured on NR-SSS (SCS = 120 KHz)

	120KHz

	Propagation condition
	SINR [dB]
	2Rx
	4Rx

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

	AWGN
	-8
	-0.75
	0.43
	1.49
	1.18
	1.06
	-0.08
	0.8
	1.69
	0.88
	0.89

	
	-7
	-0.67
	0.37
	1.27
	1.04
	0.9
	-0.11
	0.65
	1.48
	0.76
	0.83

	
	-6
	-0.52
	0.32
	1.15
	0.84
	0.83
	-0.07
	0.58
	1.22
	0.65
	0.64

	EPA5
	-8
	-1.38
	0.05
	1.33
	1.43
	1.28
	-0.97
	0.09
	1.19
	1.06
	1.1

	
	-7
	-1.12
	0.04
	1.02
	1.16
	0.98
	-0.85
	0.03
	1.01
	0.88
	0.98

	
	-6
	-0.96
	0.02
	0.96
	0.98
	0.94
	-0.83
	0.04
	0.8
	0.87
	0.76

	ETU30
	-8
	-1.9
	-0.25
	0.82
	1.65
	1.07
	-1.28
	-0.14
	0.95
	1.14
	1.09

	
	-7
	-1.63
	-0.4
	0.74
	1.23
	1.14
	-1.19
	-0.25
	0.76
	0.94
	1.01

	
	-6
	-1.49
	-0.43
	0.53
	1.06
	0.96
	-1.15
	-0.28
	0.53
	0.87
	0.81

	TDL-A
	-8
	-1.24
	0.02
	1.23
	1.26
	1.21
	-1
	0.07
	1.19
	1.07
	1.12

	
	-7
	-1.16
	0.03
	1.09
	1.19
	1.06
	-0.91
	0.06
	0.98
	0.97
	0.92

	
	-6
	-1.04
	-0.04
	0.91
	1
	0.95
	-0.79
	0.03
	0.88
	0.82
	0.85

	TDL-B
	-8
	-1.31
	0.09
	1.28
	1.4
	1.19
	-0.99
	0.06
	1.19
	1.05
	1.13

	
	-7
	-1.1
	0.06
	1.08
	1.16
	1.02
	-0.82
	0.1
	1.03
	0.92
	0.93

	
	-6
	-0.94
	0.01
	0.89
	0.95
	0.88
	-0.75
	0.04
	0.85
	0.79
	0.81

	TDL-C
	-8
	-1.38
	0.09
	1.29
	1.47
	1.2
	-0.8
	0.22
	1.19
	1.02
	0.97

	
	-7
	-1.1
	0.05
	1.08
	1.15
	1.03
	-0.76
	0.14
	1.03
	0.9
	0.89

	
	-6
	-0.92
	0.05
	0.89
	0.97
	0.84
	-0.72
	0.11
	0.92
	0.83
	0.81


Table 7. Delta-RSRP measured on NR-SSS (SCS = 240 KHz)
	240KHz

	Propagation condition
	SINR [dB]
	2Rx
	4Rx

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

	AWGN
	-8
	-0.79
	0.43
	1.44
	1.22
	1.01
	-0.09
	0.79
	1.7
	0.88
	0.91

	
	-7
	-0.62
	0.37
	1.26
	0.99
	0.89
	-0.07
	0.67
	1.46
	0.74
	0.79

	
	-6
	-0.59
	0.29
	1.1
	0.88
	0.81
	-0.07
	0.59
	1.29
	0.66
	0.7

	EPA5
	-8
	-1.25
	0.07
	1.34
	1.32
	1.27
	-0.94
	0.16
	1.21
	1.1
	1.05

	
	-7
	-1.07
	0.07
	1.06
	1.14
	0.99
	-0.76
	0.13
	0.97
	0.89
	0.84

	
	-6
	-0.94
	0.03
	0.93
	0.97
	0.9
	-0.72
	0.09
	0.93
	0.81
	0.84

	ETU30
	-8
	-2.41
	-0.64
	0.62
	1.77
	1.26
	-1.64
	-0.44
	0.73
	1.2
	1.17

	
	-7
	-2.08
	-0.7
	0.41
	1.38
	1.11
	-1.49
	-0.51
	0.48
	0.98
	0.99

	
	-6
	-2.07
	-0.76
	0.26
	1.31
	1.02
	-1.58
	-0.65
	0.25
	0.93
	0.9

	TDL-A
	-8
	-1.29
	0.03
	1.28
	1.32
	1.25
	-0.9
	0.14
	1.12
	1.04
	0.98

	
	-7
	-1.08
	0.04
	1.07
	1.12
	1.03
	-0.87
	0.11
	1.08
	0.98
	0.97

	
	-6
	-0.97
	0.02
	0.86
	0.99
	0.84
	-0.74
	3
	0.84
	3.74
	-2.16

	TDL-B
	-8
	-1.23
	0.1
	1.36
	1.33
	1.26
	-0.82
	0.21
	1.21
	1.03
	1

	
	-7
	-1.15
	0.06
	1.12
	1.21
	1.06
	-0.74
	0.15
	0.98
	0.89
	0.83

	
	-6
	-0.97
	0.01
	0.9
	0.98
	0.89
	-0.74
	0.05
	0.87
	0.79
	0.82

	TDL-C
	-8
	-1.2
	0.15
	1.3
	1.35
	1.15
	-0.89
	0.25
	1.24
	1.14
	0.99

	
	-7
	-1.01
	0.07
	1.1
	1.08
	1.03
	-0.68
	0.2
	1.01
	0.88
	0.81

	
	-6
	-1.01
	0.02
	0.86
	1.03
	0.84
	-0.74
	0.09
	0.87
	0.83
	0.78
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