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1	Introduction
The study item on low-power Wake-up Signal and Receiver for NR was revised at last RAN plenary meeting with the following updates related to RAN4 RRM [1]:
	· Study and evaluate wake-up signal designs to support wake-up receivers [RAN1, RAN4] 
· To review the outcome of RAN1 studies on serving cell RSRP/RSRQ measurement offloading to LP-WUR for IDLE/INACTIVE mode for feasibility verification [RAN4]. 
· Consider different LP-WUR architectures:
· LP-SS based RRM measurement for envelop detection-based LP-WUR
· SSS based RRM measurement for OFDM based LP-WUR
· For each of above, to review:
· SNR target X for LP-WUR RRM measurement considering the practical noise figure of LP-WUR



RAN4 is to review the outcome of RAN1 studies on serving cell RSRP/RSRQ measurements offloading to LP-WUR for IDLE/INACTIVE mode, for feasibility verification. In this contribution we discuss the above objective and provide view on the topic. 
2	Discussions
2.1	Legacy evaluation assumptions for RRM measurements
As reference for comparison, we provide list of assumptions used for evaluating the 1 Rx RRM measurement performance for RedCap in Annex A1 since also Rel-18 low power wake up receiver (LP-WUR) measurement performance is also evaluated using 1 receive branch while 2 or 4 receive branches were assumed for main receiver (MR) based measurements [2]. It is therefore fair to compare the LP-WUR results to the corresponding 1 Rx RedCap results. However, it is noteworthy that the RRM measurement performance in RAN4 for legacy UEs are always evaluated using 2 receive branches even if they are equipped with more than 2 receive branches. 

Observation 1	For legacy NR UE equipped with more than 2 receive branches, the RAN4 RRM measurement performance is always evaluated with 2 receive branches.  
Observation 2	1 Rx branch is assumed for evaluating the measurement performing using LP-WUR. 
Observation 3	RedCap UE measurement performance were evaluated with 1 and 2 Rx branches. 
2.2		Measurement scenarios and evaluation assumptions
Serving cell RSRP/RSRQ measurements with the purpose of offloading the MR to LP-WUR in RRC_IDLE/INACTIVE mode are considered in this study item. Two types of reference signals (RS) are considered which are the legacy SS block (PSS/SSS) based measurements and the new Low Power- Synchronization Signal (LP-SS). The different combinations of receiver type and reference signals considered in RAN1 is summarized in Table 1 below. 

	Receiver \ Reference signal
	SSB (PSS/SSS)
	LP-SS

	MR
	Scenario 1 (Legacy measurement with relaxation)
	Not considered

	WUR
	Scenario 2
	Scenario 3


Table 1 Measurement scenarios considered for Rel-18 LP-WUR

In this contribution we review and provide our view on the measurement performance evaluated for scenario 2 and 3. Scenario 1, on the other hand, is similar to the legacy SSB-based measurements but relaxation applied in time domain. 
It is recalled that the measurement definition is not yet in place in TS 38.215 since these are measurements based on new type of signals and receivers which are still discussions in the SI. The measurement performance was studied based on the following measurement definitions [2]:
	For at least RRM serving cell measurement performed by LP-WUR based on reference signal(s), RAN1 identified at least the following metrics for further study and evaluation (including feasibility, complexity, power consumption, etc)
· LP-RSSI or Energy detection: linear average of total received power over a RSSI resource. 
· FFS RSSI resource.
· LP-RSRP: linear average of received power of resource of reference signal(s) or signal(s) parts. 
· FFS resource of reference signal(s) or signal(s) parts
· LP-SINR = LP-RSRP/(power of interference and noise) 
· FFS how to define “power of interference and noise”
· LP-RSRQ= [N x] LP-RSRP/LP-RSSI, where N is the factor of resource size difference for evaluation LP-RSRP and LP-RSSI. 
· Accounting AGC accuracy, ADC of at least 4 bits is required.
· Note: Reference signal for performing measurements can be e.g. SSB (PSS/SSS/PBCH DMRS), LP-WUS-waveform sequence, LP-SS
· Note: The definition of metrics could be further refined based on future study 



The TR contains the measurement results for propagation channels TDL-C300 and AWGN for both LP-SSS and SSS based RSRP and RSRQ measurements in section 8.3.4 and 8.3.5 respectively in [3]. It is, however, recalled that the 1 Rx RedCap UE (also legacy NR in general) measurement performance was studied and defined based on the performance of TDL-A30, TDL-B100, TDL-C300 and AWGN channel results.  However, the RAN4 RRM measurement simulation assumptions are typically modelled using two cells, which can have synchronous or asynchronous relation wrt to each other. This relation can affect the achievable measurement accuracy performance. According to our understanding, the RAN1 study did not consider the multi-cell scenarios with synchronous and asynchronous relations. 
Observation 4	RAN4 RRM measurement performance is typically evaluated for TDL-A30, TDL-B100, TDL-C300 and AWGN channels. But LP-SS measurement performance in [TR 38.869] was evaluated for TDL-C300 and AWGN channel only. 
Observation 5	RAN4 RRM measurement performance is typically evaluated using two cells with synchronous and asynchronous relations. But LP-SS measurement performance in [TR 38.869] was evaluated using a single cell only. 

The measurement results shown in [3] were studied under following assumptions [3]:
	· Resource unit is defined as total resource used for measurement, i.e.  resource length [sym] * # of samples used for averaging.
· X is the SNR target for measurement, Y is the measurement accuracy (delta-RSRP for 90% measurements) 
· Results are shown per each value of X in particular Resource unit range.
· Impairments considered are shown in the table. 
· TDL-C 300 channel
· X is SNR observed by LP-WUR. Corresponding SNR observed by MR depends on e.g. NF difference between MR and LR



It is noted that the results were studied assuming different resource duration/lengths or units of the reference signals, i.e. different symbol durations in time domain were assumed in the samples since there were no agreement on the resource duration. The resource length is an important factor that may affect the measurement performance, for example with longer resource length better accuracy can be achieved. Therefore, accuracy of the measurement results presented in [3] may vary with the resource length. Nonetheless, measuring over longer reference signal lengths may also lead to increased UE power consumption. For example, some companies have presented LP-SS results assuming resource unit in the order of 1-10 [sym] while others have assumed resource unit of [11-20], [21-30], [31-50] and [51-70]. This can have considerable impact on the UE power consumption and may therefore be an option in practice. 
Observation 6	Evaluation results in TR 38.869 are based on different assumptions regarding resource lengths/units of the symbol. 
Observation 7	LP-SS based measurements using WUR presented in TR 38.869 may lead to increased UE power consumption if they are measured over longer resource lengths. 

Another factor which plays a key role when interpreting the measurement results of WUR presented in [3] and comparing those to similar legacy requirements (e.g. 1 Rx RedCap requirements) is the noise figure (NF). The noise figure of WUR is poorer compared to the noise figure of 1 Rx RedCap. More specifically the noise of LP-WUR can be in the range of 7~20 dB depending on the WUS receiver architecture (e.g. OOK-1/2/3, FSK, OFDMA based signal) and depending on the implementation [3] while 1 Rx RedCap UE in FR1 assumes 9 dB noise figure. On average, our view is that at least 3 dB worser noise figure should be considered for the LP-WUR compared to 1 Rx RedCap when comparing the results of both. The corresponding SNR observed by a receiver depends on the NF. 
 Observation 8	Noise figure of LP-WUR is at least 3 dB worse than 1 Rx RedCap receiver, e.g. the LP-SS results are evaluated at X dB SNR corresponds to X+3 dB SNR level when measuring using the legacy receiver (MR). 

In addition, the RAN1 study also included impairment assumptions in terms of frequency- and time errors modelled according to Table 6.2-3 and Table 6.2-4 in [3] respectively. However, typically RAN4 measurement performance evaluation includes only the baseband errors and margin to account for the RF impairment (which is implementation specific) is added to at the end to the requirements. Typical values for RF impairment margin assumed in the RAN4 measurement accuracy studies are in the order of 2.5- 3.0 dB. 
Observation 9	The LP-SS based measurement accuracy presented in TR 38.869 do not include RF impairment margin. The accuracy will be worse when RF impairment margin is added to the requirements. 

Periodicity of the reference signals
Existing SSB periodicity (e.g. 20 ms) was used for the SSB-based RRM measurement evaluations while LP-SS periodicities of {320ms, 640ms, 1280ms, 2560ms, 5120ms, 10240ms} were assumed for evaluation of LP-SS based RRM measurements [3]. It is observed that the periodicities of the respective signals used for the measurements differ significantly. The impact of longer LP-SS periodicity on the IDLE/INACTIVE reselection procedure may need further study. 
Observation 10	Significant difference is observed in the minimum periodicity of reference signals used in the legacy measurements SSS (e.g. 20 ms) and LP-SS (e.g. 320 ms) used for evaluating the RRM measurement performance. 
RAN4 is tasked to review the RAN1 studies on serving cell RSRP/RSRQ measurements in IDLE/INACTIVE mode. It is noteworthy that RSRP/RSRQ measurement accuracy requirements do not apply in IDLE/INACTIVE mode. However, the UE is still required to perform those measurements and evaluate the serving cell to decide whether to initiate neighbour cell measurements. Such evaluations shall be performed using RSRP/RSRQ measurements which are filtered using at least 2 measurements which are spaced by at least DRX/2 [4]. This means for a DRX cycle of 320 ms (i.e. the minimum DRX cycles for which the IDLE/INACTIVE mode requirements are defined), the UE needs to filter using two measurements which are spaced by at least 160 ms which is not possible for LP-SS since the minimum LP-SS periodicity is 320 ms. 

Observation 11	With a minimum LP-SS perioidcity of 320 ms, the UE cannot perform IDLE/INACTIVE mode serving cell evaluation according to the legacy requirements in [4].
Another difference that can be observed is regarding the assumptions on base station transmit antennas. The number of tx antennas or number of layers assumed for the RS transmissions are typically captured in the simulation assumptions and single tx is typically assumed. However, it shall be noted that there was no agreement on the number of tx used for the LP-SS transmissions. Therefore companies may have assumed different number of tx for the LP-SS in their results. Hence, due to the different assumptions in the RAN1 study, there might be risk that the same LP-SS performance cannot be achieved using the RAN4 assumptions later at the WI phase.  
Observation 12	The simulation results presented for LP-SS based measurements in TR 38.869 might have assumed different number of tx antennas since there was no agremeent on the numbre of tx antennas for LP-SS transmissions. 
2.3		Evaluation results
The measurement results from different companies are presented in section 8.3.4 and 8.3.5 for OOK-based RSRP and OOK-based RSRQ respectively in [3] as follows:
· [bookmark: _Hlk146375551]RSRP rresults for LP-SS RSRP RRM measurement, TDL-C in clause 8.3.4.1 and observations in clause 8.3.4.1A
· RSRP rresults for LP-SS RSRP RRM measurement, AWGN in clause 8.3.4.2 and observations in clause 8.3.4.2A
· RSRP rresults for SSS RSRP RRM measurement, TDL-C in clause 8.3.4.3 and observations in clause 8.3.4.3A

· RSRQ results for LP-SS, AWGN in clause 8.3.5.1 and observations in clause 8.3.5.1A
· RSRQ results for LP-SS, TDL-C in clause 8.3.5.2 and observations in clause 8.3.5.2A



LP-SS based RSRP measurement performance
Following observations were made for the OOK-based LP-SS for RSRP measurement measured with LP-WUR [3]:
	RSRP LP-SS, TDL-C
	RSRP LP-SS, AWGN
	RSRP SSS, TDLC

	· at SNR X=-6, to achieve 90 % accuracy of measurement +-Y<=3dB,  [8B-13],[8B-7] show 51-70 symbols spread over 4-5 periods of LP-SS are sufficient,  [8B-13] shows 11-20 symbols spread over 1 period is sufficient.
· at SNR X=-3, to achieve 90 % accuracy of measurement +-Y<=3dB, less than 10 symbols spread over 1-2 periods is sufficient. [8B-25][8B-1]
· at SNR X=-9, to achieve 90 % accuracy of measurement +-Y<=5dB, [8B-25],[8B-7] show 21-30 symbols spread over 4-5 periods of LP-SS are sufficient, [8B-13] shows that 11-20 symbols within 1 period are sufficient 
· at SNR X=-6, to achieve 90 % accuracy of measurement +-Y<=5dB,.  [8B-7] shows 21-30 symbols spread over 4-5 periods of LP-SS are sufficient, [8B-13] shows that 11-20 symbols within 1 period are sufficient.

	· at SNR X=-9, to achieve 90 % accuracy of measurement +-Y<=3dB, <=10 OFDMA symbols over 1-3 periods are sufficient.
· at SNR X=-11, to achieve 90 % accuracy of measurement +-Y<=5dB, 11-20 OFDMA symbols over 1-3 periods are sufficient.

	· at SNR X=-6, to achieve 90 % accuracy of measurement +-Y<=3dB, 1 symbol is sufficient
· at SNR X=-3, to achieve 90 % accuracy of measurement +-Y<=3dB, 1 symbol is sufficient




It is recalled that the IDLE/INACTIVE measurement requirements apply at the SSB Ês/Iot  -4 dB, see B.1 in TS 38.133. However, the measurement accuracy performance requirements are defined down to -6 dB SSB Ês/Iot and they are not applicable in IDLE/INACTIVE mode. Nevertheless, we review the accuracy performance presented in [3] and provide our view. 
As explained in section 2.2, -6 dB dB Ês/Iot with MR corresponds to -9 dB Ês/Iot with LP-WUR assuming the noise figure difference of 3 dB between LP-WUR and MR. Therefore, the measurement performance shall be evaluated at -9 dB Ês/Iot. The TDL-C results show that at -9 dB SNR, the accuracy is below ±5 dB if the measurements are performed over 21-30 symbols spread over 4-5 periods of LP-SS according to multiple company results while 1 LP-SSB period is sufficient to achieve the same accuracy level assuming symbol spread of 11-20 according to single company result. Similar measurement performance with AWGN (accuracy of ±5 dB) is achieved at -11 dB SNR, i.e. a lot better accuracy is achieved with AWGN than the TDL-C as expected. Since the observations are presented excluding the RF margin, this would be translated to accuracy of ±8 dB assuming a RF margin of 3 dB. This can be compared to the RSRP measurement accuracy level of ± 5.5 dB for 1 Rx RedCap, see Table A2-1 in Annex A.2.
4-5 LP-SSB periods correspond to 1280-12600 ms total measurement period assuming the minimum LP-SS periodicity of 320 ms. This can be compared to 80-100 ms measurement period in the legacy assuming SSB periodicity of 20 ms.

Observation 13	A measurement accuracy degradation of ~2.5 dB is observed when the RSRP measurement is performed using LP-SS at -9 dB SNR compared to SSS-based measurement performed by 1 Rx RedCap: 
· Note: RedCap side condition of -6 dB corresponds to -9 dB with WUR assuming 3 dB worser noise figure.
· at SNR condition (-9 dB for LP-WUR), the LP-SS based RSRP accuracy level is ± 5 dB excluding the RF margin;
· RSRP accuracy level is ± ~2.5 dB excluding the RF margin for 1 Rx RedCap UE at -6 dB SNR.
 
 Observation 14	The RSRP measurement period at minimum SNR condition (-9 dB for LP-WUR) is ~ 12600 ms for LP-SS measurement compared to 100 ms for 1 Rx RedCap UE (-6 dB SNR) assuming 5 samples. 

The SNR level at which the LP-SS based RRM measurement shall be evaluated depends on the agreed noise figure. The noise figure on the other hand depends on the WUR architectures/capabilities. Therefore, the measurement performance of LP-SS and SSS measurements should not be evaluated at the same SNR levels. RAN1 has only made an agreement regarding the noise figure for power consumption evaluation, but not explicitly for RRM measurement evaluation. It is expected that the noise figures assumed in LP-SS OOK based measurement is worser than SSS-based measurements. The SSS-based RRM measurements need to be evaluated at -6 dB SNR since that is the threshold for which the accuracy requirements apply according to the RAN4 requirements. This corresponds to -9 dB SNR assuming 3 dB worser noise figure with WUR compared to MR. 

Observation 15	The SSS-based RSRP measurment results may need to be evaluated at -9 dB SNR with LP-WUR. 

  LP-SS based RSRQ measurement performance
Following observations were made for the OOK-based LP-SS for RSRQ measurement measured with LP-WUR [3]:
	Observation RSRQ LP-SS, TDL-C
	Observation RSRQ LP-SS, AWGN

	· at SNR X=-6, to achieve 90 % accuracy of measurement +-Y<=3dB, 51-70 symbols over 4 periods are sufficient. 
· at SNR X=-6, to achieve 90 % accuracy of measurement +-Y<=5dB, 21-30 symbols over 2 periods are sufficient. 
· at SNR X=-9, to achieve 90 % accuracy of measurement +-Y<=5dB, 21-30 symbols over 2 periods are sufficient. 

	· at SNR X=-6, to achieve 90 % accuracy of measurement +-Y<=3dB, 11-20 OFDMA symbols over 1 period are sufficient.
· at SNR X=-6, to achieve 90 % accuracy of measurement +-Y<=5dB, 11-20 OFDMA symbols over 1 period are sufficient.
· at SNR X=-9, to achieve 90 % accuracy of measurement +-Y<=5dB, 11-20 OFDMA symbols over 1 period are sufficient.




One important difference between the RSRP and RSRQ measurement is that the latter one excludes the RF margin in the accuracy level requirements. At -9 dB SNR condition, the RSRQ accuracy level is below ± 5 dB under TDL-C channel conditions assuming that the measurements are performed over 21-30 symbols over 2 LP-SS periods. It is observed that at the same SNR condition, the same level of accuracy can be achieved during a shorter measurement period (1 LP-SS period) when measured under AWGN channel condition which is also in line the expectation since the channel is not subject to fading. In other words, a degradation of ~1.5 dB is observed when RSRQ is measured using LP-SS compared to the legacy SSB-based RSRP measurement requirements for 1 Rx RedCap, see Table A2-2 in Annex A.2.

Observation 16	A RSRQ measurement accuracy degradation of ~1.5 dB is observed when the RSRQ measurement is performed using LP-SS at -9 dB SNR compared to SSS-based measurement RSRQ performed by 1 Rx RedCap at -6 dB SNR. 
· Note: RedCap side condition of -6 dB corresponds to -9 dB with WUR.
· at SNR condition (-9 dB for LP-WUR), the LP-SS based RSRQ accuracy level is ± 5 dB;
· RSRQ accuracy level is ±3.5 dB for 1 Rx RedCap UE at -6 dB SNR.

[bookmark: _In-sequence_SDU_delivery]3	Summary
The study item on low-power Wake-up Signal and Receiver for NR was revised at last RAN plenary meeting with the RAN4 objective to review the outcome of RAN1 studies on serving cell RSRP/RSRQ measurements offloading to LP-WUR [1]. In this contribution, we have evaluated the measurement performance results presented in the technical report in [3] and compared them to the RAN4 way of evaluating the RRM measurement performance and also compared them to similar 1 Rx measurement requirements in NR. Based on the review and discussions, we have made following observations: 
Observation 1	For legacy NR UE equipped with more than 2 receive branches, the RAN4 RRM measurement performance is always evaluated with 2 receive branches.  
Observation 2	1 Rx branch is assumed for evaluating the measurement performing using LP-WUR. 
Observation 3	RedCap UE measurement performance were evaluated with 1 and 2 Rx branches. 
Observation 4	RAN4 RRM measurement performance is typically evaluated for TDL-A30, TDL-B100, TDL-C300 and AWGN channels. But LP-SS measurement performance in [TR 38.869] was evaluated for TDL-C300 and AWGN channel only. 
Observation 5	RAN4 RRM measurement performance is typically evaluated using two cells with synchronous and asynchronous relations. But LP-SS measurement performance in [TR 38.869] was evaluated using a single cell only. 
Observation 6	Evaluation results in TR 38.869 are based on different assumptions regarding resource lengths/units of the symbol. 
Observation 7	LP-SS based measurements using WUR presented in TR 38.869 may lead to increased UE power consumption if they are measured over longer resource lengths. 
Observation 8	Noise figure of LP-WUR is at least 3 dB worse than 1 Rx RedCap receiver, e.g. the LP-SS results are evaluated at X dB SNR corresponds to X+3 dB SNR level when measuring using the legacy receiver (MR). 
Observation 9	The LP-SS based measurement accuracy presented in TR 38.869 do not include RF impairment margin. The accuracy will be worse when RF impairment margin is added to the requirements. 
Observation 10	Significant difference is observed in the minimum periodicity of reference signals used in the legacy measurements SSS (e.g. 20 ms) and LP-SS (e.g. 320 ms) used for evaluating the RRM measurement performance. 
Observation 11	With a minimum LP-SS perioidcity of 320 ms, the UE cannot perform IDLE/INACTIVE mode serving cell evaluation according to the legacy requirements in [4].

Observation 12	The simulation results presented for LP-SS based measurements in TR 38.869 might have assumed different number of tx antennas since there was no agremeent on the numbre of tx antennas for LP-SS transmissions. 
Observation 13	A measurement accuracy degradation of ~2.5 dB is observed when the RSRP measurement is performed using LP-SS at -9 dB SNR compared to SSS-based measurement performed by 1 Rx RedCap: 
· Note: RedCap side condition of -6 dB corresponds to -9 dB with WUR assuming 3 dB worser noise figure.
· at SNR condition (-9 dB for LP-WUR), the LP-SS based RSRP accuracy level is ± 5 dB excluding the RF margin;
· RSRP accuracy level is ± ~2.5 dB excluding the RF margin for 1 Rx RedCap UE at -6 dB SNR.
 
 Observation 14	The RSRP measurement period at minimum SNR condition (-9 dB for LP-WUR) is ~ 12600 ms for LP-SS measurement compared to 100 ms for 1 Rx RedCap UE (-6 dB SNR) assuming 5 samples. 
Observation 15	The SSS-based RSRP measurment results may need to be evaluated at -9 dB SNR with LP-WUR. 
Observation 16	A RSRQ measurement accuracy degradation of ~1.5 dB is observed when the RSRQ measurement is performed using LP-SS at -9 dB SNR compared to SSS-based measurement RSRQ performed by 1 Rx RedCap at -6 dB SNR. 
· Note: RedCap side condition of -6 dB corresponds to -9 dB with WUR.
· at SNR condition (-9 dB for LP-WUR), the LP-SS based RSRQ accuracy level is ± 5 dB;
· RSRQ accuracy level is ±3.5 dB for 1 Rx RedCap UE at -6 dB SNR.
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Appendix
A.1	Simulation assumptions for SS block measurements [2]
Table A1.1: General parameters
	Simulation parameters
	Comments/values

	Carrier frequency for Cell 1 and Cell 2
	4 GHz
	30 GHz

	System bandwidth
	5 MHz; 10 MHz
	50 MHz; 100 MHz

	Prior knowledge of Cell 1 / Cell 2 by the UE
	No / Yes
	No / Yes

	DRX
	No
	No

	BS transmit antennas for SS blocks
	1 tx or single layer transmissions
	1 tx or single layer transmissions

	UE receive antennas
	Case A Note2: 2  rx and 4 rx (uncorrelated with equal gain, no rx beamforming);
Case B: 2 rx and 4 rx with rx beamforming Note1
	Case A Note2: 2 rx and 4 rx (uncorrelated with equal gain, no rx beamforming);
Case B: 2 rx and 4 rx with rx beamforming Note1

	Data and control channel subcarrier spacing
	The same as SS block subcarrier spacing
	The same as SS block subcarrier spacing

	Measurement period (in number of measurement samples)
	5; other number of samples may also be studied upon a need
	5; other numbers of samples may also be studied upon a need

	SS burst set configuration in Cell 1 and Cell 2:

	· Subcarrier spacing
	15 kHz; 30 kHz
	120 kHz; 240 kHz

	· Number of SS blocks per SS burst set, K
	1 Note2 and 4
	1 Note2 and 4

	· SS burst periodicity
	5 ms
	5 ms

	· 
	
	

	· Number of transmit antenna ports
	1 (the same port for NR-SSS, NR-PSS, NR-PBCH)
	1 (the same port for NR-SSS, NR-PSS, NR-PBCH)

	· SS block BW
	127 subcarriers for SS, 288 subcarriers for PBCH
	127 subcarriers for SS, 288 subcarriers for PBCH

	· Actual SS block transmissions
	always transmitted
	always transmitted

	NOTE1: For Case B, companies are encouraged to state their assumptions on beamforming and rx antenna configuration together with the provided simulation results
NOTE2: prioritized for RAN4#84



Table A1.2: Cell-specific parameters
	Parameter
	Unit
	Cell 1
	Cell 2

	E-UTRA RF Channel number
	-
	Channel 1
	Channel 1

	NR-PSS and NR-SSS sequences
	-
	To be indicated by companies
	To be indicated by companies

	PBCH and DMRS power offset with respect to NR-PSS and NR-SSS
	dB
	0
	0

	Data and control PSD relative to NR-PSS and NR-SSS
	dB
	0
	0

	RB Utilization
	%
	100
	100

	Data Modulation
	-
	QPSK
	QPSK

	Slot length
	-
	14 symbols
	14 symbols

	CP Length
	-
	Normal
	Normal

	Frequency Offset relative to UE frequency reference
	Hz
	0
	0

	1)Relative Delay of 1st Path (synchronous)
	µs
	0
	CP/2

	2) Relative Delay of 1st Path (asynchronous): Fixed delay
	Ms
	0
	3 ms

	SNR for Case A
	dB
	K=1: 6 dB
K=4: (2, 6,4, -2) dB
	K=1: 1 dB
K=4: (2, 1, 1, 1) dB and (-1, 5, -3, 2) dB

	Es/IoT for Case A (calculated from SNR)
	dB
	N/A
	K=1: -5.97 dB
K=4: (-2.12, -5.97, -4.45, -1.12) dB and (-5.12, 1.46, -8.45, -0.12)

	SNR for Case B, including beamforming gain
	dB
	K=1: 6 dB
K=4: (2, 6,4, -2) dB
	K=1: 1 dB
K=4: (2, 1, 1, 1) dB and (-1, 5, -3, 2) dB

	Es/IoT for Case B (calculated from SNR), including beamforming gain
	dB
	N/A
	K=1: -5.97 dB
K=4: (-2.12, -5.97, -4.45, -1.12) dB and (-5.12, 1.46, -8.45, -0.12)

	Propagation conditions
	-
	AWGN, EPA5, ETU30, ETU70, 
CDL-A/B/C Note, TDL-A/B/C Note

	NOTE: the companies are encouraged to state channel model parameters together with the results, the parameters are to be further discussed and aligned



Performance Metrics
For different estimation time periods, the CDF curves and 90th %-iles are to be provided for (without RF impairment margin):
· Delta measurement   = (estimated measurement – ideal measurement) 	[dB];
· Delta cell quality based on N SS block measurements which are L1 filtered but not L3 filtered = (estimated - ideal) [dB], where N=1 (for K=1) and N=K/2 (for K>1).

A.2	 NR measurement performance of 1 Rx RedCap [4]
Table A2-1: SS-RSRP Intra frequency absolute accuracy for 1Rx RedCap UE in FR1
	Accuracy
	Conditions

	Normal condition
	Extreme condition
	SSB Ês/Iot
	Io Note 1 range

	
	
	
	NR operating band groups Note 2
	Minimum Io
	Maximum Io

	dB
	dB
	dB
	
	dBm / SCSSSB
	dBm/BWChannel
	dBm/BWChannel

	
	
	
	
	SCSSSB = 15 kHz
	SCSSSB = 30 kHz
	
	

	
	
	
	NR_FDD_FR1_A, NR_TDD_FR1_A,
NR_SDL_FR1_A
	-121
	-118
	N/A
	-70

	
	
	
	NR_FDD_FR1_B
	-120.5
	-117.5
	N/A
	-70

	
	
	
	NR_TDD_FR1_C
	-120
	-117
	N/A
	-70

	5.5
	10
	-6
	NR_FDD_FR1_D, NR_TDD_FR1_D
	-119.5
	-116.5
	N/A
	-70

	
	
	
	NR_FDD_FR1_E, NR_TDD_FR1_E
	-119
	-116
	N/A
	-70

	
	
	
	NR_FDD_FR1_F
	-118.5
	-115.5
	N/A
	-70

	
	
	
	NR_FDD_FR1_G
	-118
	-115
	N/A
	-70

	
	
	
	NR_FDD_FR1_H
	-117.5
	-114.5
	N/A
	-70

	9
	12
	-6
	NR_FDD_FR1_A, NR_TDD_FR1_A,
NR_SDL_FR1_A,
NR_FDD_FR1_B, NR_TDD_FR1_C, NR_FDD_FR1_D, NR_TDD_FR1_D, NR_FDD_FR1_E, NR_TDD_FR1_E, NR_FDD_FR1_F,
NR_FDD_FR1_G, NR_FDD_FR1_H
	N/A
	N/A
	-70
	-50

	NOTE 1:	Io is assumed to have constant EPRE across the bandwidth.
NOTE 2:	NR operating band groups in FR1 are as defined in clause 3.5.2.




Table A2-2: SS-RSRQ Intra frequency absolute accuracy for 1Rx RedCap UE in FR1
	Accuracy
	Conditions

	Normal condition
	Extreme condition
	SSB Ês/Iot
	Io Note 1 range

	
	
	
	NR operating band groups Note 3
	Minimum Io
	Maximum Io

	dB
	dB
	dB
	
	dBm / SCSSSB
	dBm/BWChannel
	dBm/BWChannel

	
	
	
	
	SCSSSB = 15 kHz
	SCSSSB = 30 kHz
	
	

	
	
	
	NR_FDD_FR1_A, NR_TDD_FR1_A,
NR_SDL_FR1_A
	-121
	-118
	N/A
	-50

	
	
	
	NR_FDD_FR1_B
	-120.5
	-117.5
	N/A
	-50

	
	
	
	NR_TDD_FR1_C
	-120
	-117
	N/A
	-50

	3.5
	5
	-3
	NR_FDD_FR1_D, NR_TDD_FR1_D
	-119.5
	-116.5
	N/A
	-50

	
	
	
	NR_FDD_FR1_E, NR_TDD_FR1_E
	-119
	-116
	N/A
	-50

	
	
	
	NR_FDD_FR1_F
	-118.5
	-115.5
	N/A
	-50

	
	
	
	NR_FDD_FR1_G
	-118
	-115
	N/A
	-50

	
	
	
	NR_FDD_FR1_H
	-117.5
	-114.5
	N/A
	-50

	4.5
	5
	-6
	Note 2
	Note 2
	Note 2
	Note 2
	Note 2

	NOTE 1:	Io is assumed to have constant EPRE across the bandwidth.
NOTE 2:	The same bands and the same Io conditions for each band apply for this requirement as for the corresponding highest accuracy requirement.
NOTE 3:	NR operating band groups in FR1 are as defined in clause 3.5.2.
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