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1	Introduction
In this contribution we discuss and provide our view on the scope of the release 17 RedCap work item and also present list of simulation assumptions that are needed to define the detailed requirements. 
2	Discussion
2.1	Scope
Following FFS and options were identified at last meeting [1]:
	· Inter-frequency mobility
· FFS whether to define inter-frequency RRM requirements for RedCap UE in Rel-17.
· Inter-RAT mobility
· Option 1: 
· Do not define inter-RAT RRM requirements for RedCap UE in Rel-17.
· Option 2: 
· Do not define inter-RAT RRM requirements on 2G/3G for RedCap UE in Rel-17
· FFS: whether define inter-RAT RRM requirements on LTE for RedCap UE in Rel-17



Inter-frequency and inter-RAT support
Our view is to support both intra- and inter-frequency mobility for RedCap since we consider both to be critical features, however considering the time plan of release 17 and more specifically the number of meetings left, it is proposed to prioritize the work to define the intra-frequency requirements in release 17, and the inter-frequency requirements can be developed if time allows within this release. 
For same reason, we propose to not define the inter-RAT requirements in release 17. For example, RAN4 needs to first agree on the simulation assumptions and thereafter carry out the simulation campaign to develop the exact requirements which may take few meetings. Therefore our view is to develop support for the different mobility features (inter-frequency, inter-RAT) step by step by, this approach may allow companies to focus and develop high quality requirements for the core features. It is noted that a similar approach was adopted when developing the eMTC requirements in LTE. 
· Proposal #1: RAN4 to prioritize the work to develop to the intra-frequency requirements in release 17 RedCap WI. Inter-frequency requirements are developed if time allows in release 17. 
· Proposal #2: RAN4 to not define inter-RAT RRM requirements for RedCap UE in Rel-17.

3	Simulation assumptions
According to the agreed work plan in [2], RAN4 is to identify the simulation work and discuss the simulation assumptions. In this section, we go through the different types of requirements that would need simulation campaign to derive the exact requirements and provide initial simulation assumptions for each of those. 
3.1	Cell detection
Due to the reduced minimum number of Rx branches, the neighbour cell detection requirements are affected. The UE may need longer time to detect a neighbour cell (Tdetect,NR_Intra) using 1 or 2 receive branches compared to 2 and 4 as in legacy. The simulation assumptions from release 15 are used as reference [3], and adopted to reflect the reduced receive branches of RedCap UE, see, see Annex A. 
· Proposal #3: RAN4 to study the cell detection performance for RedCap UE assuming the simulation assumptions in Annex A. 

3.2	SSB based RRM measurement
Measurement requirements (measurement period and accuracy requirements) need to be studied assuming reduced number of receive branches compared to NR release 15 assumptions. The SS block measurement simulation assumptions from release 15 are used as reference [4], and adopted to reflect the reduced receive branches of RedCap UE, see, see Annex B.
· Proposal #4: RAN4 to study the SSB based RRM measurement performance for RedCap UE assuming the simulation assumptions in Annex B. 

3.3	Radio link monitoring and beam failure detection
New RLM and beam failure detection requirements are needed due to reduced complexity operation. For example, the RLM evaluation period, PDCCH transmission parameters for out-of-sync and in-sync are going to be different. Thus new simulation assumptions, based on corresponding release 15 assumptions in [5], are proposed to study the RLM performance for RedCap, see Annex C. Using these assumption, the intention is to study the number of samples required for the UE to evaluate the RLM and BFD. 
· Proposal #5: RAN4 to study the RLM and BFD performance for RedCap UE assuming the simulation assumptions in Annex C. 
It is also noted that L1 RSRP reporting is also needed for beam management, more specifically the candidate beam management uses the L1 RSRP reporting. Since current requirements were derived assuming 2 receive antennas, new simulations are needed to study the perform of 1 receive antenna. For this purpose, additional L1 RSRP simulation assumptions are provided in Annex C.
· Proposal #6: RAN4 to study the L1 RSRP measurement performance for RedCap UE assuming the simulation assumptions in Annex C. 

3.4	SI reading
The SI (PBCH) reading requirements are likely to be affected due to reduce number for receive branches. New simulation assumptions, based on corresponding release 15 assumptions in [6], are proposed to study the SI reading performance for RedCap, see Annex D.
· Proposal #7: RAN4 to study the SI reading performance for RedCap UE assuming the simulation assumptions in Annex D. 
 

3	Conclusion
In this contribution we have discussed the RRM scope of release 17 RedCap work item, identified list of simulations that are needed to derive the core requirements and have presented the simulation assumptions. Based on the discussions, we have made following proposals:

· Proposal #1: RAN4 to prioritize the work to develop to the intra-frequency requirements in release 17 RedCap WI. Inter-frequency requirements are developed if time allows in release 17. 
· Proposal #2: RAN4 to not define inter-RAT RRM requirements for RedCap UE in Rel-17.
· Proposal #3: RAN4 to study the cell detection performance for RedCap UE assuming the simulation assumptions in Annex A. 
· Proposal #4: RAN4 to study the SSB based RRM measurement performance for RedCap UE assuming the simulation assumptions in Annex B.
· Proposal #5: RAN4 to study the RLM and BFD performance for RedCap UE assuming the simulation assumptions in Annex C. 
· Proposal #6: RAN4 to study the L1 RSRP measurement performance for RedCap UE assuming the simulation assumptions in Annex C. 
· Proposal #7: RAN4 to study the SI reading performance for RedCap UE assuming the simulation assumptions in Annex D. 
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Annex A: Simulation assumption for cell detection
The intention of PSS/SSS detection is to acquire cell ID and symbol level synchronization of neighbour cell. The performance of decoding of PBCH is not included.
Table 1: Cell-specific Parameters for PSS/SSS Detection
	Parameter
	Unit
	Cell 1
	Cell 2

	RF Channel number
	-
	Channel 1
	Channel 1

	Carrier frequency 
	
	4GHz; 30GHz
	The same frequency as for Cell 1 is used

	Subcarrier spacing
	KHz
	15 kHz; 30 kHz for 4GHz;
120 kHz; 240 kHz for 30GHz 
	The same values as for Cell 1 are used

	RB Utilization
	%
	100
	100

	Power boosting for PSS and SSS
	dB
	0
	0

	Power boosting for Data and Control
	dB
	0
	0

	Data Modulation
	-
	QPSK
	QPSK

	CP Length
	-
	Normal
	Normal

	Number of transmitted SS block within a SS burst set period (K)
	-
	1

	1


	SS burst set periodicity
	ms
	5
	5

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

	Relative Delay of 1st Path (asynchronous)
	ms
	0
	1.5

	Frequency Offset relative to UE frequency reference
	Hz
	0
	0

	Eor/Ioc for K=1
	dB
	6.4
	-0.75; 
SINR: -6dB; 


	Number of Tx antennas
	-
	1
	1

	PSS Sequence ID
	-
	To be stated by companies together with the results (examples shows in Table 3, 4)
	To be stated by companies together with the results (examples shows in Table 3, 4)

	SSS Sequence ID
	-
	To be stated by companies together with the results (examples shows in Table 3, 4)
	To be stated by companies together with the results (examples shows in Table 3, 4)

	Propagation Condition
	-
	FR1:
AWGN
TDL-A 30ns, Doppler=10Hz
TDL-B 100ns, Doppler=300Hz
TDL-C 300ns, Doppler=100Hz
FR2:
AWGN
TDL-A 30ns, Doppler=35Hz.


	Ioc Model Note3
	-
	AWGN noise



Table 2: UE-specific Parameters for Cell Detection
	Simulation parameters
	Comments/values

	Prior knowledge of Cell 1 and Cell 2 by the UE
	Yes

	False detect threshold 
	Required as in a real UE implementation

	UE having apriority knowledge of system being synchronous or asynchronous
	No

	Performance criterion for comparison
	90th percentile acquisition time for “correct” cell detection of both PSS and SSS sequence IDs.

	CP length detection
	Not simulated

	Receive antennas
	1
Option 1: With receiver beamforming for FR2
Option 2: Without receiver beamforming



[bookmark: _Ref182236287]Table 3: Example Cell ID Combinations that can be simulated
	Case #
	Cell 1
 (Interferer Cell)
	Cell 2
(Desired Cell)
	Scenario

	1
	psc1
	ssc1
	psc2
	ssc2
	Synchronous 

	2
	psc1
	ssc1
	psc1
	ssc3
	Synchronous

	3
	psc1
	ssc1
	psc2
	ssc2
	Asynchronous

	4
	psc1
	ssc1
	psc1
	ssc3
	Asynchronous



Table 4: Example PSS, SSS indices that can be simulated simulations
	PSS Indices
	SSS Indices

	Label
	Code index
	Label
	Code index
(m0, m1)
	Cell ID
	

(,)

	psc1
	43
	ssc1
	(4, 5)
	337
	(112, 1)

	psc2
	86
	ssc2
	(8, 9)
	674
	(224, 2)

	
	
	ssc3
	(7,.8)
	673
	(224, 1)



Performance Metric
For NR-PSS/SSS acquisition time, the detection is claimed to be successful only when both the PSS and SSS are correctly detected and the timing offset is within half CP length. The CDF curves of joint PSS/SSS detection latency are suggested to be provided.


Annex B: Simulation assumptions for SSB based RRM measurement
The following measurements are to be studied:
· RSRP based on SSS,
· RSRP based on SSS and PBCH DMRS,
· Signal quality measurements.
Two cells are simulated, interfering Cell 1 (unknown to the UE) and measured Cell 2 (known to the UE).
Simulation assumptions are provided for SSS based RSRP.

Simulation Assumptions:
Table 1: General parameters
	Simulation parameters
	Comments/values

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

	System bandwidth
	10 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
	1  rx 

	1 rx 


	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
	1

	· SS burst periodicity
	5 ms
	5 ms

	· 
	
	

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



Table 2: Cell-specific parameters

	Parameter
	Unit
	Cell 1
	Cell 2

	RF Channel number
	-
	Channel 1
	Channel 1

	PSS and 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 PSS and 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
	dB
	6 dB

	1 dB


	Es/IoT (calculated from SNR)
	dB
	N/A
	K=1: -5.97 dB


	Propagation conditions
	-
	FR1:
AWGN
TDL-A 30ns, Doppler=10Hz
TDL-B 100ns, Doppler=300Hz
TDL-C 300ns, Doppler=100Hz
FR2:
AWGN
TDL-A 30ns, Doppler=35Hz.


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



Performance metric:
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).

Annex C: Simulation assumptions for RLM and BFD
The intention of RLM simulation is to investigate the number of samples required in L1 evaluation period for OOS and IS.
Simulation assumptions for RLM and BFD evaluations

Table 1: RLM and BFD simulation parameters for SS block based on RLM and BFD
[bookmark: OLE_LINK9][bookmark: OLE_LINK10]
	Parameters
	Value

	
	Sub-6GHz
	Above 6GHz

	Carrier frequency
	4GHz
	30GHz

	Subcarrier Spacing for SS block
	15KHz, 30KHz
	120KHz

	Bandwidth of SS block
	24 RBs

	Number of transmitted SS block within a SS burst set period (K)
	1


	RB utilization
	0%

	Reference signals
	· SSS

	Transmission period of SS block 
	· 20ms

	Number of samples in L1 evaluation period
	· 5 samples, 10 samples, 20 samples;

	Transmit antennas
	1

	Receive antennas
	1

	Propagation conditions
	FR1:
AWGN
TDL-A 30ns, Doppler=10Hz
TDL-B 100ns, Doppler=300Hz
TDL-C 300ns, Doppler=100Hz
FR2:
AWGN
TDL-A 30ns, Doppler=35Hz.


	CP type
	Normal CP

	SNR
	[-14, -13,  ., 1, 0] dB



Table 2: RLM and BFD simulation parameters for CSI-RS based on RLM and BFD
	Parameter
	Unit
	Value

	Bandwidth
	
	24 RBs

	SCS
	kHz
	15, 30, 120

	Number of CSI-RS ports (X)
	
	1 

	CDM Type
	
	‘No CDM’ 

	Density (ρ)
	
	3 

	CSI-RS periodicity
	slots
	20 for 15 kHz
40 for 30 kHz
80 for 120 kHz
 

	EPRE ratio to SSS
	dB
	0Note 2




Performance Metric
[bookmark: OLE_LINK15][bookmark: OLE_LINK16]The UE performs signal and interference measurements based on RLM-RS (i.e. SS block or CSI-RS) to derive a downlink link quality metric (e.g. SINR). 
The CDF curves are to be provided for measurement errors for downlink link quality metric:
•	Delta SINR = (estimated SINR – ideal SINR) 	[dB]
Interest companies are encouraged to provide the measurement accuracy results of SINR. 
Simulation assumptions for L1-RSRP measurements
The intention of the simulation is to investigate the performance of CSI-RS based measurements.
SSB based L1-RSRP measurements
Table 3: Parameters for SSB based L1-RSRP Measurements
	Parameters
	Value

	
	Sub-6GHz
	Above 6GHz

	Carrier frequency
	4GHz
	30GHz

	Subcarrier Spacing for SSB
	15KHz, 30KHz
	120KHz, 240KHz

	SSB bandwidth
	20RBs

	RB utilization
	100%

	Data Modulation
	QPSK

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

	Transmitted SSB per SSB Periodicity
	SSB #0

	SSB Periodicity
	· Baseline: 40ms;
· Optional: 5ms, 10ms, 20ms.

	Number of samples in L1 averaging
	· 1 sample, 3 samples, 5 samples
· Others are not precluded.

	Transmit antennas
	1

	Receive antennas
	1

	Propagation conditions
	AWGN, EPA5, ETU30 (for 15 kHz SCS), ETU70 (for 15 kHz SCS);
	For 30 GHz: CDL-C, optional TDL-A/B/C
(delay spread: 30 ns and 300 ns; UE speed: 3 km/h and 30 km/h)

	CP type
	Normal CP

	SSB Es/Noc
	[-3~0] dB



CSI-RS based L1-RSRP measurements
Table 4: Parameters for CSI-RS based L1-RSRP Measurements
	Parameters
	Value

	
	Sub-6GHz
	Above 6GHz

	Carrier frequency
	4GHz
	30GHz

	Subcarrier Spacing for CSI-RS
	15KHz, 30KHz, 60KHz
	60KHz, 120KHz

	[bookmark: OLE_LINK46][bookmark: OLE_LINK47][bookmark: OLE_LINK48]CSI-RS bandwidth
	· [bookmark: OLE_LINK55][bookmark: OLE_LINK56]Baseline: 24RBs, 48RBs
· [bookmark: OLE_LINK57][bookmark: OLE_LINK58]Optional: 96RBs, 192 RBs.

	RB utilization
	100%

	Data Modulation
	QPSK

	Data and control PSD relative to CSI-RS
	0 dB

	Number of transmitted CSI-RS resource 
	K=1.

	CSI-RS RE-Mapping-Pattern
	Row#2 defined in Table 7.4.1.5.2-1 of TS38.211

	CSI-RS Density
	D=3

	[bookmark: OLE_LINK70][bookmark: OLE_LINK71]CSI-RS Periodicity
	· Baseline: 20ms;
· Optional: 2ms, 5ms, 10ms.

	Number of samples in L1 averaging
	· 1 sample, 3 samples, 5 samples, 10 samples
· Others are not precluded.

	[bookmark: _Hlk503738935]Transmit antennas
	1

	Receive antennas
	1

	Propagation conditions
	AWGN, EPA5, ETU30 (for 15 kHz SCS only), ETU70 (for 15 kHz SCS only);
	Baseline: CDL-C, 
Optional: TDL-A/B/C 
(delay spread: 30 ns and 300 ns; UE speed: 3 km/h and 30 km/h)

	CP type
	Normal CP

	Es/Noc
	[-3~0] dB



Performance Metric
· Performance metrics for L1-RSRP
The following performance metrics can be considered
· [bookmark: OLE_LINK26][bookmark: OLE_LINK27][bookmark: OLE_LINK28][bookmark: OLE_LINK29][bookmark: OLE_LINK30]The CDF curves (including the 95% and 5% CDF points) for delta L1-RSRP.
Delta L1-RSRP and delta CSI-RSRP is defined as follows:
[bookmark: OLE_LINK38][bookmark: OLE_LINK39][bookmark: OLE_LINK40][bookmark: OLE_LINK41]Delta L1-RSRP = Measured L1-RSRP – Ideal L1-RSRP.
Ideal L1-RSRP is defined as the true value assuming perfect channel estimation using the same sampling rate and sampling occasions as used in the measured L1-RSRP evaluation.
Note1: The definition of SSB based L1-RSRP is the same as SS-RSRP defined in TS38.215.
Note 2: The definition of CSI-RS based L1-RSRP is the same as CSI-RSRP defined in TS38.215.


Annex D: Simulation assumptions for SI reading
Simulation Assumptions
The proposed simulation assumptions are used to derive the basic SI reading (PBCH acquisition) time. 
Case1: PBCH reading
Basic SI reading time = the number of SS-blocks required for 99% to successfully decode the PBCH.
Case2: PBCH-DMRS time index reading (Without decode PBCH data)
DMRS time index reading time = the number of SS-blocks required for 99% to successfully reading DMRS time index.
Table 1: Parameters for basic SI reading (PBCH acquisition)
	Parameter
	Unit
	Value

	Carrier frequency 
	GHz
	4GHz; 30GHz

	Subcarrier spacing
	KHz
	15 kHz; 30 kHz for 4GHz;
120 kHz; 30GHz 

	Number of Tx antennas
	-
	1
Assuming only 1Tx port is used 

	Number of Rx antennas
	-
	1
Option 1: With receiver beamforming for FR2
Option 2: Without receiver beamforming

	CP Length
	-
	Normal

	Number of transmitted SS block within a SS burst set period (K)
	-
	1 

	SS burst set periodicity
	ms
	20

	Frequency Offset relative to UE frequency reference
	Hz
	0

	RB Utilization
	%
	0

	PBCH symbols within the SS block
	
	PSS-PBCH-SSS-PBCH

	Data and Control Power offset with respect to PSS and SSS
	dB
	0

	PBCH power offset with respect to PBCH-DMRS
	dB
	0

	PBCH-DMRS power offset with respect to PSS and SSS
	dB
	To be indicated

	PSS and SSS sequences
	-
	According to the RAN1 agreements

	PBCH-DMRS sequences
	-
	According to the RAN1 agreements

	PBCH-DMRS RE positions within the PBCH resource
	-
	According to the RAN1 agreements

	PBCH Modulation
	-
	QPSK

	PBCH Payload (including the CRC)
	bits
	56bit

	PBCH SNR
	dB
	-12 : 0 dB, at least including -6dB,-8 dB

	Propagation Condition
	-
	FR1:
AWGN
TDL-A 30ns, Doppler=10Hz
TDL-B 100ns, Doppler=300Hz
TDL-C 300ns, Doppler=100Hz
FR2:
AWGN
TDL-A 30ns, Doppler=35Hz.


	UE speed and Doppler Shift
	-
	3km/h speed with 83Hz Doppler at 30GHz



Performance Metric
The proposed simulation assumptions are used to derive the Basic SI reading time. 
Case1: PBCH reading
Basic SI reading time = the number of SS-blocks required for 99% to successfully decode the PBCH.
Case2: PBCH-DMRS time index reading (Without decode PBCH data)
DMRS time index reading time = the number of SS-blocks required for 99% to successfully reading DMRS time index.
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