3GPP TSG-RAN WG4 Meeting # 101-e									R4-2118847
Electronic Meeting, November 01-12, 2021


Agenda item:	9.16.7
Source: 	Huawei, HiSilicon
Title: 	Discussion on general RRM impacts for extending NR operation to 71GHz
Document for:	Discussion
1. Introduction
The WI on extending NR operation to 71GHz was discussed in the last RAN4 meeting. The RRM impact was further discussed with agreements captured in [1] [2]. In the general part, the working assumptions, Rx beam sweeping scaling factors initially discussed. In this paper, we further provide our views on remaining issues.
2. Discussion
2.1 Scaling factor for RX beam sweeping
The assumption of RX beam sweeping factor was discussed in the last meeting with following agreements:
	Issue 1-2-1: Rx beam sweeping scaling factor
GTW agreements:
· Rx beam sweeping scaling factor
· Further study whether new scaling factor is needed for FR2-2 considering RF session conclusions on UE antenna array assumptions and UE power classes and the difference with FR2-1 assumptions
· Rx beam sweeping factor from FR2-1 can be used as a starting point for analysis


In the current FR2 requirements, the scaling factor is considered in FR2-1 when defining the delay requirements (e.g. N = 8) to allow the beam sweeping operation. So compared with the delay requirements in FR2, with same number of samples, times longer delay is expected for FR2. For operation in FR2-2, UE is operating on higher frequency, and more antenna elements are expected with the same array size to main the coverage performance. Thus, compared with the operation in FR2-1, the beam width is intuitively narrower are expected to meet the EIS and EIRP requirements. At the same time, the performance will be impacted with larger beam sweeping numbers. This is a trade-off problem which should be carefully considered when defining the corresponding requirements. As agreed in the GTW session, it is too early to draw the conclusion now as more input from RF are needed such as the antenna array assumptions, power classes and typical scenarios, which are essential to evaluate the beam forming framework and beam sweeping factors. According to the latest status about UE RF [3], the antenna size assumption will be further discussed in the next meeting. Thus, the discussion about the value of RX beam sweeping factor should be postponed until RF concludes on the antenna array assumption and power class. 
Observation 1: The RX beam sweeping factor should be further discussed with more RF conclusion on antenna size assumption and power class.
2.2 Scheduling restrictions
The scheduling restriction was discussed in the last meeting with following high level principles:
	Agreement:
· Further investigate whether to update the scheduling restriction for L1/L3 measurement considering at least the following aspects with further inputs from RAN1 and RF: 
· Beam switching time
· Synchronization assumptions with large SCS



The scheduling restriction was also mentioned in the last meeting. Most companies agreed that the scheduling restriction may need to be updated with more RAN1 and RF conclusion. In this paper, we give some further analysis on the impact on the scheduling restrictions. In the current TS38.133, the scheduling restrictions are defined in two aspects. One is when UE is performing L1 measurement (e.g. RLM/BFD/CBD/L1-RSRP). For example, on the symbol for RLM monitoring in FR2, UE is not expected to transmit PUCCH/PUSCH/SRS or receive PDCCH/PDSCH/CSI-RS. It mainly results from the different beam implementation for L1 measurement and L3 measurement, which means UE is not expected to perform L1 measurement and L3 measurement simultaneously on overlapping symbols. For operation on FR2-2, one more issues need to be considered is the beam sweeping time. As has been widely discussed in RAN1 about whether to define gap symbol for beam switching for large SCS. According to the LS reply to RAN1, the beam switching time for gNB is estimated to be 59ns. For beam switching time for UE, it was still unsettled and will be further discussed in next meeting. It will decide whether to define gap for beam switching in RAN1, and whether/how to define the scheduling restrictions in RRM requirements.
The other aspect is the scheduling restriction for L3 measurement. When UE is performing measurement on FR2, there is scheduling restriction on SSB symbols to be measured and also 1data symbol before and after SSB symbols. The beam switching time should also be considered for operation in FR2-2 as analyzed above. Another aspect is that the current scheduling restriction (±1 symbol) implies that UE will only search the neighbour cell within this range and also requires that NW should guarantee the synchronization among CCs on the same frequency carrier. In the current spec, it is assumed that deriveSSB-IndexFromCell is always enabled for and FR2, which implies that frame boundary alignment across cells on the same frequency carrier is within a tolerance not worse than 2 SSB symbols (approximate 9us). However, for operation in FR2-2 with larger SCS, the symbol length could be approximately 1 us, which implicitly raises extremely high synchronization demand to NW side. It is even tighter than the “3 us” cell phase synchronization requirements. Then it is proposed to further investigate the scheduling restriction for L1/L3 measurement considering the beam switching time and synchronization requirements. For example, whether deriveSSB-IndexFromCell can be deemed always valid in FR2-2 should be further investigated.  
	9.2.5.3.3	Scheduling availability of UE performing measurements on FR2
The following scheduling restriction applies due to SS-RSRP or SS-SINR measurement on an FR2 intra-frequency cell
	The UE is not expected to transmit PUCCH/PUSCH/SRS or receive PDCCH/PDSCH/TRS/CSI-RS for CQI on SSB symbols to be measured, and on 1 data symbol before each consecutive SSB symbols to be measured and 1 data symbol after each consecutive SSB symbols to be measured within SMTC window duration (The signaling deriveSSB_IndexFromCell is always enabled for FR2). If the high layer signalling of smtc2 is configured in TS 38.331 [2], the SMTC periodicity follows smtc2; Otherwise the SMTC periodicity follows smtc1.




Proposal 1: RAN4 to discuss whether deriveSSB_IndexFromCell can be assumed always enabled for FR2-2.
2.3 Cell detection/measurement/PBCH reading assumption
In the last meeting, whether to reuse the same assumptions of number samples needed for cell detection, SSB measurement and PBCH reading were discussed. Companies provided simulation results in the last meeting to elaborate the impact of higher SCS and different channel models. Though there is no unified simulation assumption is not discussed yet, we provide the simulation results on in this paper based on the simulation assumptions suggested in R4-2112548. 
For cell detection performance, AWGN and TDL-A (DS: 5/10/20) is adopted as suggested in TR 38.808, the detailed simulation assumptions are presented in Appendix. The simulation results for cell detection are shown below:
Table I．Simulation results of cell detection for 480 KHz
	Propagation channel
	case
	90 percentiles of the PSS/SSS acquisition time

	AWGN
	case 1
	1

	
	case 2
	1

	
	case 3
	1

	
	case 4
	1

	TDLA 5
	case 1
	2

	
	case 2
	2

	
	case 3
	2

	
	case 4
	2

	TDLA 10
	case 1
	2

	
	case 2
	2

	
	case 3
	2

	
	case 4
	2

	TDLA 20
	case 1
	2

	
	case 2
	3

	
	case 3
	2

	
	case 4
	2



Table II．Simulation results of cell detection for 960 KHz
	Propagation channel
	case
	90 percentiles of the PSS/SSS acquisition time

	AWGN
	case 1
	1

	
	case 2
	1

	
	case 3
	1

	
	case 4
	1

	TDLA 5
	case 1
	2

	
	case 2
	2

	
	case 3
	2

	
	case 4
	2

	TDLA 10
	case 1
	2

	
	case 2
	2

	
	case 3
	2

	
	case 4
	2

	TDLA 20
	case 1
	2

	
	case 2
	3

	
	case 3
	2

	
	case 4
	2



Observed from the simulation results, current requirements for cell detection (5 samples) in FR2-1 are sufficient for cell detection inFR2-2. Thus, it is proposed that the requirements for cell detection for FR2-1 can apply to FR2-2. 
Proposal 2: Requirements for cell detection for FR2-1 can apply to FR2-2.
For the measurement requirements, the simulation assumptions are provided in Appendix, and the results are shown in the following table.
Table III. Simulation results for SSB measurement 
	Channel
	Samples
	Delta RSRP[dB]

	
	
	SCS =480kHz
	SCS=960kHz

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

	AWGN
	1
	-2.14
	-0.08
	1.45
	-2.12
	-0.05
	1.50

	
	2
	-1.32
	-0.03
	1.11
	-1.33
	-0.07
	0.99

	
	3
	-1.15
	-0.04
	0.87
	-1.18
	-0.05
	0.82

	
	5
	-0.79
	-0.05
	0.65
	-0.88
	-0.06
	0.65

	TDL-A 5 
	1
	-2.67
	-0.03
	1.92
	-2.73
	-0.13
	1.53

	
	2
	-1.72
	-0.09
	1.12
	-1.56
	-0.02
	1.11

	
	3
	-1.25
	-0.08
	0.91
	-1.35
	-0.09
	0.91

	
	5
	-0.89
	-0.08
	0.72
	-0.98
	-0.07
	0.68

	TDL-A 10
	1
	-2.75
	-0.16
	1.67
	-2.77
	-0.11
	1.68

	
	2
	-1.80
	-0.09
	1.18
	-1.77
	-0.09
	1.14

	
	3
	-1.17
	-0.04
	0.91
	-1.36
	-0.09
	0.88

	
	5
	-0.91
	-0.06
	0.67
	-0.96
	-0.11
	0.65

	TDL-A 20 
	1
	-2.80
	-0.12
	1.68
	-2.64
	-0.09
	1.53

	
	2
	-1.63
	-0.11
	1.03
	-1.56
	-0.09
	1.12

	
	3
	-1.44
	-0.12
	0.84
	-1.20
	-0.07
	0.86

	
	5
	-0.95
	0.11
	0.66
	-0.93
	-0.06
	0.64



It could be observed from the simulation results that the performance of measurement accuracy could be guaranteed by reusing the same samples as FR2-1. Thus, it is proposed that SSB measurement requirements for FR2-1 can apply to FR2-2.
Proposal 3: It is proposed that SSB measurement requirements for FR2-1 can apply to FR2-2.
3. [bookmark: _GoBack]Conclusions
Observation 1: The RX beam sweeping factor should be further discussed with more RF conclusion on antenna size assumption and power class.
Proposal 1: RAN4 to discuss whether deriveSSB_IndexFromCell can be assumed always enabled for FR2-2.
Proposal 2: Requirements for cell detection for FR2-1 can apply to FR2-2.
Proposal 3: It is proposed that SSB measurement requirements for FR2-1 can apply to FR2-2.
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Appendix

Simulation Assumptions for cell detection
Table 1: Cell-specific Parameters for PSS/SSS Detection
	Parameter
	Unit
	Cell 1
	Cell 2

	RF Channel number
	-
	Channel 1
	Channel 1

	Carrier frequency 
	
	60GHz
	The same frequency as for Cell 1 is used

	Subcarrier spacing
	KHz
	480kHz;960kHz 
	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 (baseline)
FFS: 4
	1(baseline)
FFS: 4

	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

	Es/Noc for K=1
	dB
	6.4
	1.25; FSS: 0.25; -0.75
(SINR: -6dB; 
FFS: -8dB, -7dB)

	Es/Noc for K=4
	dB
	2, 6,4, -2
	2, 1, 1, 1 
(SINR: -2.12, -5.97, -4.45, -1.12);
-1, 5, -3, 2 dB
(SINR: -5.12, -1.97, -8.45, -0.12)

	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
	-
	AWGN/TDL-A (5/10/20ns delay spread)

	Noc Model 
	-
	AWGN noise

	NOTE 1:	The channel models of CDL and TDL are used for simplified link level evaluations, which are defined in TR 38.901.




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

	Prior knowledge of Cell 1 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
	2




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
	(20,0)
	337
	(112, 1)

	psc2
	86
	ssc2
	(40, 0)
	674
	(224, 2)

	
	
	ssc3
	(35,0)
	673
	(224, 1)



Simulation Assumptions for SSB measurements

	Simulation parameters
	Comments/values

	Carrier frequency for Cell 1 and Cell 2
	60GHz

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

	DRX
	No

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

	UE receive antennas
	2

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

	Measurement period (in number of measurement samples)
	1 2 3 5; other number of samples may also be studied upon a need

	· Subcarrier spacing
	480 kHz; 960 kHz

	· Number of SS blocks per SS burst set
	1 

	· SS burst periodicity
	5ms

	· 
	

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

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

	· Actual SS block transmissions
	always transmitted



Table 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

	Relative Delay of 1st Path 
	µs
	0
	CP/2

	SNR 
	dB
	6 dB

	1 dB


	Es/IoT (calculated from SNR)
	dB
	N/A  2.46dB
	-5.97 dB


	Propagation conditions 
	-
	AWGN/TDL-A (5/10/20ns delay spread)

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