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1 Introduction
In this contribution paper, we discuss the impact of complexity reduction on measurement procedure by providing cell detection and cell measurement simulation performance in RedCap.
2 Cell detection performance
The cell detection simulation is carried out to provide us with some views on PSS/SSS detection delay requirements with simulation assumptions given in [1]. The following table shows the 90%-ile PSS/SSS acquisition time for different channels and with different subcarrier spacing (i.e different numerologies). 
[bookmark: _Ref47480467]Table 1: The 90%-iles PSS/SSS acquisition time with SNR = -6dB in FR1
	Channel
	Scenario
	Case
	Number of required SSBs

	AWGN
	15KHz
	#1
	1

	
	30KHz
	#1
	1

	TDL-A
	15KHz
	#1
	3

	
	30KHz
	#1
	3

	TDL-B
	15KHz
	#1
	3

	
	30KHz
	#1
	3

	TDL-C
	15KHz
	#1
	3

	
	30KHz
	#1
	3


From the simulation results, it is observed that the required number of SSB (i.e. PSS/SSS) samples for cell detection for RedCap UE for the 90%ile of the CDF of the PSS/SSS detection time is up to 3 samples. Now, if we compare this result to the results of rel-15, when 2 Rx were used, where from [2] it is given that the number of PSS/SSS samples for the TDL-A channel (reported by the majority of the contributors) was equal 2, which means one samples less compared to using 1 Rx for RedCap. Therefore, the existing requirements that are based on the LLS performance results should be extended by one extra sample to address the 1 Rx of RedCap. 
Observation 1: [bookmark: _Ref78929141]There is no difference in the evaluation performance for the 90%ile results of 15 KHz and 30 KHz SCS cases and for different multipath channels (i.e. the TDL channels).
Observation 2: [bookmark: _Ref85818836]Required number of PSS/SSS samples for cell detection for RedCap UE with 1 Rx, i.e. 90%-ile CDF of PSS/SSS detection time at the condition of SINR = -6 dB, is up to 3 based on the simulation results.
Observation 3: [bookmark: _Ref85818852]One additional PSS/SSS samples is needed compared to the case of using 2 Rx.
Proposal 1: [bookmark: _Ref79150480]Support extending the existing requirements with additional one PSS/SSS sample to cope with the 1 Rx in RedCap use case.
3 Cell measurements
This section provides the simulation results for L1-RSRP measurement performance for release 17 RedCap UE with 1 Rx. The simulation in this section of this contribution follows the simulation parameters assumptions provided in [3]. In these simulation results, we compare the measurements accuracy of SSB and CSI-RS based RSRP on different subcarrier spacing (SCS), frequency range (FR), SINR, sample number (N) and channel types. The performance is given in the following tables. The results summarise the absolute accuracies and values of 5%ile, 95%ile points of the CDF curves of delta RSRP. 
3.1. SSB based L1-RSRP measurements
The following tables present the SSB based RSRP measurements accuracy in FR1 and FR2. 
[bookmark: _Ref85781699]Table 2: SSB based RSRP measurement accuracy in FR1
[image: ]
Table 3: SSB based RSRP measurement accuracy in FR2
[image: ]
From Table 2, we can observe that using 3 SSB samples with TDL-A channel achieves absolute accuracy equal to 1.56 at SINR equal to -3 dB. Hence, minimum of 5 SSB samples are required to achieve absolute accuracy ~1 at -3 dB SINR.
Observation 4: [bookmark: _Ref85818888]Required number of SSB samples for cell measurements for RedCap with 1 Rx to achieve absolute accuracy approximately 1 dB at the condition of SINR = -3 dB, is up to 5 SSB samples based on our simulation results.
Observation 5: [bookmark: _Ref85818903]In general, 3 SSB samples are needed to achieve absolute accuracy below 2 dB for FR1 and FR2 with 1 Rx RedCap UEs.

3.2. CSI-RS based L1-RSRP measurements
The following tables present the CSI-RS based RSRP measurements accuracy in FR1 and FR2
Table 4: CSI-RS based RSRP measurement accuracy in FR1
[image: ]
Table 5: CSI-RS based RSRP measurement accuracy in FR2
[image: ]
Observation 6: [bookmark: _Ref85818918]In general, CSI-RS based RSRP is more accurate compared to the SSB bases RSRP measurements. 
Observation 7: [bookmark: _Ref85818934]Required number of CSI-RS samples for cell measurements for RedCap with 1 Rx to achieve absolute accuracy below 1 at the condition of SINR = 0 dB, is up to 3 CSI-RS samples based on our simulation results. 
4 Summary
In this contribution, LLS performance for RedCap UEs are provided and we have the following observations and proposals: 
Observation 1: There is no difference in the evaluation performance for the 90%ile results of 15 KHz and 30 KHz SCS cases and for different multipath channels (i.e. the TDL channels).
[bookmark: _GoBack]Observation 2: Required number of PSS/SSS samples for cell detection for RedCap UE with 1 Rx, i.e. 90%-ile CDF of PSS/SSS detection time at the condition of SINR = -6 dB, is up to 3 based on the simulation results.
Observation 3: One additional PSS/SSS samples is needed compared to the case of using 2 Rx.
Proposal 1: Support extending the existing requirements with additional one PSS/SSS sample to cope with the 1 Rx in RedCap use case.
Observation 4: Required number of SSB samples for cell measurements for RedCap with 1 Rx to achieve absolute accuracy approximately 1 dB at the condition of SINR = -3 dB, is up to 5 SSB samples based on our simulation results.
Observation 5: In general, 3 SSB samples are needed to achieve absolute accuracy below 2 dB for FR1 and FR2 with 1 Rx RedCap UEs.
Observation 6: In general, CSI-RS based RSRP is more accurate compared to the SSB bases RSRP measurements.
Observation 7: Required number of CSI-RS samples for cell measurements for RedCap with 1 Rx to achieve absolute accuracy below 1 at the condition of SINR = 0 dB, is up to 3 CSI-RS samples based on our simulation results.
References
[1] [bookmark: _Ref85725581][bookmark: _Ref71639227][bookmark: _Ref85650672]R4-2115359, “Simulation assumptions for RedCap cell detection performance”.
[2] [bookmark: _Ref85781647]R4-1711691, “Summary of link level simulation result of PSS/SSS detection and PBCH”, Huawei, HiSilicon.
[3] [bookmark: _Ref85727478]R4-2115362, “Simulation assumptions for RedCap L1 RSRP measurement”.
image3.png
Channel | Samples [SINR | Distribution of delta RSRP
(“I‘\}‘;’b?‘ SCS = 15 KHz, SCS = 30 KHz
95%  [Abs 5% 95%  [Abs

AWGN 3 3 114 | L | 0% | 124 | L7
2 098 | 099 | 105 | 11 1.084

1 084 | 0865 | -069 | 091 | 0867

[ 073 | o7%2 | 072 | 077 | 0763

5 3 106 | Lo73 | 082 | 117 | Lo/

2 03 | 0924 | 09 103 | Loo2

1 077 | 0784 | 065 | 084 | 082

[ 066 | 068 | -067 | 073 | 0694

TDL-A 3 3 T4l | 1369 | 05 | 165 | L1337
2 1| 1084 | 02 14 | L2

1 096 | 0952 | -047 | 118 | 1055

[ 083 | 0825 | 03 | 102 | 083

5 3 129 | 1244 | 049 | 153 | 1284

2 105 | 098 | 048 | 133 | Los3

1 09 | 085 | 041 | 115 | 097

[ 075 | 0745 | 032 | 093 | 078

TDL-B 3 3 127 | 1271 | 074 | 161 | 1306
2 107 | 1078 | 079 | 132 | Loss

1 088 | 08% | 091 | L6 | 0991

0 078 | 0767 | -067 | 102 | 0896

5 3 118 | L147 | 065 | 15 | 1204

2 1 0975 | 067 | 127 | L0%

1 08 | 0809 | 073 | 108 | 0939

0 07 | 072 | 059 1 0.812

TDL-C 3 3 12 1186 | -L15s | 144 | 136
2 1 0972 | 093 | 126 | L148

1 083 | 0815 | 08 1 091

0 071 | 0722 | -064 | 088 | 0768

5 3 L1 | 1076 | -L16 | 133 | 1254

2 093 | 0882 | 087 | L5 | Losl

1 078 | 0763 | 07 | 095 | 0854

0 064 | 0641 | 055 | 084 | 071





image4.png
Channel |Samples [SINR | Distribution of delta RSRP
(“I‘\}‘;’b?‘ SCs = 120 Kiiz
% 95% _ [Abs
AWGN 3 3| 49 | 113 | 114
2 24 | 081 | 093
S| o5 | o7 |osl
0 | 084 | 058 | 06u
5 ENEF T | o7
2 | 08 | os
S| L3 | o6 | 0765
0 | 085 | 055 | 063
TDL-A 3 3 B 107 | 1026
2 | 103 | os2 |os
B 09 | 08 |05
0 | 089 | 066 | 075
5 3| 089 | 0% | o895
2 085 | 0.852
B 072 | 0764
0 063 | 0663





image1.png
Channel [Samples [SINR [Distribution of delta RSRP
(“I‘\}‘;’b?‘ SCS = 15KHz SCS =30 KHz
5% 95%  [Abs 5% 95%  |Abs
AWGN 3 3 071 | 092 | o084 | 075 | 09 | 089
2 067 | 078 | 073 | 064 | 079 | 076
1 071 | 065 | -046 | 078 | 066
0 066 | 057 | -037 | 075 | 062
5 3 08 | 071 | -042 | 08l | 075
2 072 | 061 | 037 | o071 | o064
1 065 | 057 | 032 | 065 | 059
0 06 051 | 028 | 064 | 057
TDL-A 3 3 11 114 | 162 | 156 | 156
2 091 | 092 | 127 | 144 | 143
1 08 | 088 | 117 | 134 | 123
0 067 | 075 | 094 | 112 | 103
5 3 0.76 08 | 091 | L4 | 098
2 0.67 07 | 075 | Loz | o089
1 061 | 061 | -055 | 094 | 083
0 055 | 051 | -054 | 083 | 069
TDL-B. 3 3 131 12 5 | L4 | 114
2 106 1 087 | 102 | 097
1 09 | 087 | 076 | 08 | 088
0 085 | 078 | 067 | 083 | 074
5 3 11 105 | 069 | 034 | 082
2 102 | 086 | 062 | 086 | 073
1 08 | 074 | 052 | 076 | 068
0 078 | 065 | -043 | 064 | 061
TDL-C 3 3 0.96 1 L1 119 | 114
2 082 | 087 | 091 | 097 | 093
1 0.78 [ 08 | 085 | o081
[ 066 | 069 | 072 | 079 | 075
5 3 075 08 | 067 | 083 | 078
2 067 | 073 | 05 | o7 07
1 061 | 064 | 046 | 067 | 063
0 054 | 059 | 041 | 065 | 056





image2.png
Channel [Samples [SINR |Distribution of delta RSRP
(“I‘\}‘;’b?‘ SCs = 120 Kiz
% 95% _ [Abs
AWGN 3 3 | w7 | o7 | o7
2 08 | 0 | 069
| 087 | o057 | 057
0 | 056 | 055 | 06
5 3| 064 | os7 | o6t
2 | 05 | 059 | 0%
| 03 | 05 | s
0 | 03 | oa | 043
TDL-A 3 3| 13 | 0% | 115
2 | 13 | o8 | 105
B 05 | o071 | 0%
0 | 097 | 05 | o7
5 3 3 | oet | 089
2 | 0% | om | o7
S| 087 | ot | 065
0 75 | 055 | 056





