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1. Introduction
At the RAN1#102-e meeting, the major simulation assumptions for LLS and SLS were agreed in [1]. Following the agreed simulation assumptions, both link-level and system-level simulation results are shown in this contribution, based on which we then discuss on the required changes to NR system on 52.6-71 GHz.
2. Link-level Evaluations for NR System from 52.6 GHz to 71GHz
· PDSCH Performance 
[bookmark: _GoBack]We evaluate the BLER of PDSCH with CP-OFDM waveform. The numerologies under evaluated and simulation assumptions are listed in Table 1 and Table 2, respectively. For 400 MHz bandwidth configuration, we consider 4 SCS from 120 kHz supported by NR FR2 to 960 kHz, and for 2 GHz bandwidth configuration, we consider 960 kHz SCS.
Extended CP is also investigated for 960 kHz SCS because the normal CP duration with 960 kHz SCS is comparable with the RMS delay spread of the channel and is shorter than the latency of partial multi-path components of the channel.

[bookmark: _Ref54519958]Table 1: Numerologies for our evaluations
	CBW
	400 MHz
	2 GHz

	CP type
	Normal CP
	Extend CP
	Normal CP
	Extend CP

	SCS
	120 kHz
	240 kHz
	480 kHz
	960 kHz
	960 kHz
	960 kHz
	960 kHz

	Number of RB
	256
	128
	64
	32
	32
	160
	160

	FFT size
	4096
	2048
	1024
	512
	512
	2048
	2048

	Sample rate (fs)
	491.52 MHz
	1966.08 MHz

	Sample duration (Ts)
	~ 2.0345 ns
	~ 0.5086 ns

	Slot duration
	125 us
	62.5 us
	31.25 us
	15.625 us
	15.625 us
	15.625 us
	15.625 us

	Symbol per slot
	14
	12
	14
	12

	CP length
	288 / 320 Ts
(~585 ns)
	144 / 160 Ts
(~292 ns)
	72 / 80 Ts
(~146 ns)
	36 / 40 Ts
(~73 ns)
	128 Ts
(~260 ns)
	144 / 160 Ts
(~73 ns)
	72 / 80 Ts
(~260 ns)


[bookmark: _Ref53659455]Table 2: Simulation Assumptions for Link-level Evaluations
	Parameter
	Value

	Carrier frequency
	60 GHz

	Carrier bandwidth
	400 MHz / 2 GHz

	Subcarrier spacing (SCS)
	120/240/480/960 kHz (400 MHz) / 960 kHz (2 GHz)

	Number of RB
	256/128/64/32 (400 MHz) / 160 (2 GHz)

	Waveform
	CP-OFDM

	CP
	NCP for all SCS / ECP for 960 kHz SCS

	Channel model
	TDL-A (5 / 10 / 20 / 40 ns)
CDL-B (20 / 50 ns)
CDL-D (20 / 30 ns)

	BS antenna array
	2 for TDL
(1, 1, 8, 16, 2) for CDL

	PN model
	TR38.803 example 2

	Pre-loaded Tx EVM
	3%

	Rx EVM
	5%

	DMRS Configuration
	1 symbol

	PTRS Configuration
		K = 2, L = 1	

	MCS
	7 / 16 / 22

	Channel estimation
	Realistic w/ LMMSE estimator


Several typical link simulation results are shown in the following figures, which demonstrate the performance trends of different SCS and CP configurations.
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Figure 1 BLER of MCS 7, 16, and 22 w/ 2 GHz bandwidth in TDL-A channels (DS = 5, 10, 20, and 40, respectively)
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Figure 2 BLER of MCS 7, 16, and 22 w/ 400 MHz bandwidth in TDL-A channels  (DS = 5, 10, 20, and 40, respectively)
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Figure 3 BLER of MCS 7, 16, and 22 w/ 2 GHz bandwidth in CDL-B channels (DS = 20, and 50, respectively)
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Figure 4 BLER of MCS 7, 16, and 22 w/ 400 MHz bandwidth in CDL-B channels (DS = 20, and 50, respectively)
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Figure 5 BLER of MCS 7, 16, and 22 w/ 2 GHz bandwidth in CDL-D channels (DS = 20, and 30, respectively)

[image: ][image: ]
Figure 6 BLER of MCS 7, 16, and 22 w/ 400 MHz bandwidth in CDL-D channels (DS = 20, and 30, respectively)

Similar performance trends are observed for different SCS and CP configurations in TDL-A channels with delay spread from 5 ns up to 40 ns. Based on the observed performance trends, we have following observations.

Observation 1: Following observations are derived according to the link-level simulation results.
· On SCS with 400 MHz carrier bandwidth: Under the PN model and linear channel/PN estimation methods used in the evaluations, similar performance is achieved with 120 kHz and 240 kHz SCS, which is superior to remaining configurations.
· On ECP with 960 kHz SCS: BLER performance gain can be observed with ECP configuration. However, when taking ECP overhead into the consideration (14% additional overhead introduced by ECP compared with normal CP), ECP does not introduce significant throughput gain to compensate the throughput loss caused by the additional overhead.
· On PTRS & PN compensation: With 400 MHz carrier bandwidth, the BLER cannot reach 0.01 for higher MCS levels such as MCS 22, and it cannot reach 0.1 for higher MCS levels with 2 GHz carrier bandwidth. Advanced receiver and/or enhanced PTRS should be further studied to improve the link performance.

· [bookmark: DocumentFor]SS/PBCH Performance
Another LLS objective agreed at the previous e-meeting is the performance evaluation on SSB/PRACH detection.
In this section, we show our evaluation results on SS and PBCH performances 

For SS, we evaluate SS (i.e., PSS and SSS) miss-detection probability for candidate SCSs agreed at the previous e-meeting. Generally, the assumption is aligned with Table A-1, which is also used to evaluate PDSCH performance. 

Figure 7, 8 and 9 show the SS detection performance in TDL-A channels with 5 ns, 10 ns and 20 ns DS respectively. Each figure shows the miss-detection probability of SS with 1% false alarm probability for candidate SCSs. The evaluation results show that though the performance of 120 kHz SCS is slightly better than the other SCSs, there is no significant difference among SCSs regardless of DS. Thus, we observe that all the candidate SCSs agreed so far would be available for 52.6-71 GHz frequency range in terms of SS detection performance. 
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Figure 7: SS miss-detection probability (DS=5[ns])
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Figure 8: SS miss-detection probability (DS=10[ns])
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Figure 9: SS miss-detection probability (DS=20[ns])

For PBCH, we perform two types of the evaluations: one is to evaluate PBCH DMRS detection failure rate, corresponding to Figure 10, 11 and 12, and the other is to evaluate PBCH BLER, corresponding to Figure 13, 14 and 15 as well. The simulation assumption is also aligned with Table A-1. 

In Figure 10, 11 and 12, we show PBCH DMRS detection failure rate with and without PN per SNR in TDL channels with 5, 10 and 20 ns DS respectively. In general, all SCSs show comparable performance in our view, although the best SCS showing slightly better performance than other SCSs seems changing with DS. 

In Figure 13, 14 and 15, we show BLER of PBCH with and without PN per SNR in TDL channels with 5, 10 and 20 ns DS respectively. We observe that although 120 kHz shows slightly worse performance than other SCSs, the performances of all candidate SCSs are basically comparable. 
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Figure 10: PBCH DMRS 				Figure 11: PBCH DMRS 
detection failure rate (DS=5[ns])			detection failure rate (DS=10[ns])
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Figure 12: PBCH DMRS 
detection failure rate (DS=20[ns])
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Figure 13: PBCH BLER 		Figure 14: PBCH BLER
(DS=5[ns])						(DS=10[ns])
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Figure 15: PBCH BLER (DS=20[ns])

Observation 2: 
· For SS detection, PBCH DMRS detection and PBCH BLER performances, all candidate SCSs show comparable performances in TDL channel. 

· PRACH Performance
In this section, PRACH performances with candidate SCSs are evaluated. 

To evaluate PRACH performance, similar to evaluations on SS and PBCH DMRS described above, we evaluate PRACH preamble miss-detection probability. The assumption is also aligned with Table A-1. 

Fig.16, 17 and 18 show the PRACH preamble detection performance in TDL-A channels with 5 ns, 10 ns and 20 ns DS respectively. Each figure shows the miss-detection probability of PRACH with 1% false alarm probability for candidate SCSs.  In this evaluation, three PRACH formats, i.e. format A1, B1 and C0 in Rel.15 NR, are considered. For PRACH format A1, the performance without PN is also evaluated to study the impact due to phase noise. 

According to the evaluation results with PN, similar to the results on SS/PBCH, it is confirmed that though the performance of 120 kHz SCS shows slightly worse than the higher SCSs, there is no significant difference in performance among SCSs regardless of DS. In a comparison between PRACH format A1 and C0, the better performances are observed with format A1 than format C0 due to the increase of the number of PRACH sequence repetitions.
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Figure 16: PRACH miss-detection probability (DS=5[ns])
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Figure 17: PRACH miss-detection probability (DS=10[ns])
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Figure 18: PRACH miss-detection probability (DS=20[ns])

Observation 3: 
· For PRACH preamble detection performances, all candidate SCSs show comparable performances in TDL channels with the same PRACH format. The performance would be improved by increasing the number of PRACH sequence repetitions. 

3. System-level Evaluations for NR System from 52.6 GHz to 71GHz
We have evaluated the system-level performance in Indoor-C scenario with 400 MHz and 2 GHz carrier bandwidth, respectively. For outdoor scenarios, some initial observations with Outdoor-B scenarios are also shown in this section. The simulation assumptions are shown in Table 3 and 4, respectively.

Indoor-C Scenario
Table 3: Simulation Assumptions for System-level Evaluations of Indoor-C Scenario
		Scenario
	Indoor-C

	Carrier frequency
	60 GHz

	Carrier bandwidth
	400 MHz / 2 GHz

	Subcarrier spacing (SCS)
	120 kHz (400 MHz) / 960 kHz (2 GHz)

	Number of RB
	256 (400 MHz) / 160 (2 GHz)

	UE distribution
	10 UE per cell (100% indoor)

	Channel model 
	InH office （TR38.901）

	Mobility
	3 kmph

	BS antenna array
	（1，1，4，8，2）, 5 dBi omnidirectional gain

	UE antenna array
	（1， 2， 2， 2，2）， 5 dBi omnidirectional gain

	BS power limitation
	40 dBm EIRP

	UE power limitation
	25 dBm EIRP w/ 21 dBm max TRP

	BS noise figure
	7 dB

	UE noise figure
	10 dB

	Transmission rank
	RI adaptation

	PDSCH overhead
	2 symbols

	DMRS overhead 
	1 symbol

	TDD DL:UL ratio
	4:1

	CSI feedback
	Ideal

	Traffic model
	FTP model 3 (27Mbyte file)

	UE receiver
	MMSE-IRC

	Cell selection
	Strongest RSRP w/ 1dB HO margin and RAN1-102e agreed RSRP threshold



In RAN1-102e meetings, it has been agreed that only UEs with RSRP larger than a certain threshold should be served by 60 GHz system. The RSRP threshold is -71 dBm for 2 GHz carrier bandwidth and -78 dBm for 400 MHz carrier bandwidth, respectively. Following this updated cell selection rule, we evaluated the RSRP distribution in the scenario, which is shown in Figure 19. From the RSRP distribution, we have following observations,
Observation 4: 
· In Indoor-C scenario, the area is well-covered by the 60 GHz cells. More than 98% UEs have RSRP measurements large than the specified RSRP threshold. 
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[bookmark: _Ref53757034]Figure 19 CDF of RSRP of UEs in Indoor-C scenario
The wideband SINR for Indoor-C scenario is then shown in Figure 20 and Figure 21 for both downlink and uplink, respectively.
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[bookmark: _Ref53757105]Figure 20 DL geometry in Indoor-C scenario
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[bookmark: _Ref53757108]Figure 21 UL geometry in Indoor-C scenario
According to the geometry, we have following observations,
Observation 5:
· Based on the downlink geometry, the serving area of Indoor-C scenario is well covered with 64 beams per cell especially for 400 MHz bandwidth case.
· For DL geometry, about 3-4 dB gap is observed between 400 MHz and 2 GHz bandwidth case, due to the less Tx power density for 2 GHz case.
· For UL geometry, larger performance gap is observed due to the lower UE transmission power.

Following is the detailed performance sheet.
Table 4: Performance date sheet for SLS in Indoor-C scenario
	Cases
	Case 1
(2GHz CBW)
	 Case 2
(400MHz CBW)

	Traffic load
Metrics              
	Low load
	Medium load
	High load
	Low load
	Medium load
	High load


	DL UPT (Mbps)
	5%ile
	4842
	2722
	1175
	1354
	618
	280

	
	50%ile
	10402
	7727
	5254
	3053
	1870
	1191

	
	95%ile
	15275
	15275
	13382
	3053
	3053
	3053

	
	mean
	10161
	8044
	6080
	2611
	1926
	1408

	DL delay (ms)
	5%ile
	14
	14
	16
	71
	71
	71

	
	50%ile
	21
	28
	41
	71
	115
	181

	
	95%ile
	45
	79
	183
	160
	350
	771

	
	mean
	24
	36
	68
	90
	150
	275

	UL UPT (Mbps)
	5%ile
	489
	223
	172
	283
	132
	62

	
	50%ile
	1203
	665
	517
	511
	357
	245

	
	95%ile
	1947
	1539
	1597
	723
	626
	590

	
	mean
	1176
	760
	656
	514
	369
	284

	UL delay (ms)
	5%ile
	104
	138
	133
	295
	345
	366

	
	50%ile
	179
	325
	417
	423
	601
	881

	
	95%ile
	413
	934
	1254
	761
	1616
	3498

	
	mean
	220
	416
	522
	447
	759
	1267

	Arrival rate (files/s)
	48
	192
	288
	9.6
	48
	72

	𝜌DL
	100%
	100%
	100%
	100%
	100%
	100%

	𝜌UL
	100%
	100%
	100%
	100%
	100%
	99.9%

	BO
	8%
	35%
	53%
	6%
	31%
	51%



We have following observations on the evaluations results of system-level packet throughput.
Observations 6:
· For high RU cases, 1.4 Gbps / 284 Mbps average throughput can be achieved w/ 400 MHz CBW, and 6.1 Gbps / 656 Mbps average throughput can be achieved w/ 2 GHz CBW, for DL/UL respectively.
· For downlink, the throughput does not increase linearly with the bandwidth due to the SINR degradation, but the impact is relatively small.
· For uplink, the throughput w/ 2 GHz CBW is only 2 times of that w/ 400 MHz CBW, given that the CBW is 5 times wider. Severe uplink performance degradation is observed. The possible reasons include,
· Worse wideband SINR for uplink.
· Low frequency domain resource utilization efficiency caused by narrower beam or UE power limitation.

Outdoor-B Scenario
For outdoor deployments of 60 GHz system, we consider Outdoor-B scenario as a typical one and conduct evaluations with it. The simulation assumptions of Outdoor-B scenario are shown in Table 5.
[bookmark: _Ref53757183][bookmark: _Ref53757165]Table 5: Simulation Assumptions for System-level Evaluations of Outdoor-B Scenario
	Scenario
	Outdoor-B

	Network Layer
	Small cell
	Macro layer

	Carrier frequency
	60 GHz
	4 GHz

	Carrier bandwidth
	400 MHz / 2 GHz
	10 MHz

	Subcarrier spacing (SCS)
	120 kHz (400 MHz) / 960 kHz (2 GHz)
	15 kHz

	Number of RB
	256 (400 MHz) / 160 (2 GHz)
	100

	UE distribution
	10 UE per cell (100%outdoor)

	Channel model 
	UMi （TR38.901）

	Mobility
	3 kmph

	ISD
	100 m

	BS antenna array
	（1，3，8，16，2）, 5 dBi omnidirectional gain
	（1，1，2，1，2）, 5 dBi omnidirectional gain

	UE antenna array
	（1， 2， 2， 2，2）， 5 dBi omnidirectional gain
	（1， 2， 2， 2，2）， 5 dBi omnidirectional gain

	BS power limitation
	40 dBm EIRP
	43 dBm EIRP

	UE power limitation
	25 dBm EIRP w/ 21 dBm max TRP

	BS noise figure
	7 dB
	7 dB

	UE noise figure
	10 dB
	10 dB

	Transmission rank
	RI adaptation
	N/A

	PDSCH overhead
	2 symbols
	N/A

	DMRS overhead 
	1 symbol
	N/A

	TDD DL:UL ratio
	4:1
	4:1

	CSI feedback
	Ideal
	Ideal

	Traffic model
	FTP model 3 (27 Mbyte file)
	N/A

	UE receiver
	MMSE-IRC
	N/A

	Cell selection
	Strongest RSRP w/ 1dB HO margin and RAN1-102e agreed RSRP threshold
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[bookmark: _Ref53757788]Figure 22 CDF of RSRP in Outdoor-B scenario
The RSRP of 60 GHz system measured by UE is shown in Figure 22. Compared with that in Indoor scenario, there are significant RSRP degradations. We observed that more than 99% of UEs are connected to macro cells after the cell selection procedure. Therefore, the throughput evaluation seems to be invaluable under such circumstance. In a summary, we have following observations,
Observation 7:
· Few UE can access 60 GHz system in Outdoor-B scenario. The coverage of 60 GHz system is limited when outdoor path-loss is considered. Enhancement schemes for the coverage should be investigated when outdoor deployments are considered.
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Figure 23 CDF of DS of serving link channels in Outdoor-B scenario
To provide some reference for the link-level simulations, we also observed the distribution of RMS delay spread (DS) of the channel for those UEs whose RSRP is larger than the specified threshold, which is plotted in Figure 23. Following observation is drawn from the system-level channel models,
Observation 8:
· The mean RMS DS of 60 GHz system in Outdoor-B scenario is about 23 ns and the 95%-tile DS value is about 80 ns.
· More than half of UE experiences channels with DS larger than 20 ns, which should be referred to in the link performance evaluation with large DS configurations.
4. Discussions on Required Changes
Below are our views on potential critical problems to PHY signal/channels to support operation between 52.6 GHz and 71 GHz:
· Numerology and bandwidth
For numerology to be used in 52.6 – 71 GHz band, at least one larger SCS should be supported in addition to the ones supported in Rel-15/-16 NR already, because of the following two aspects. One is how to utilize wide available bandwidth efficiently and how to coexist with IEEE 802.11 ad/ay technology, where 2 GHz bandwidth is used. Such larger bandwidth (i.e. 2 GHz) should be available for NR devices in 52.6 – 71 GHz to achieve efficient utilization of wide available bandwidth and efficient coexistence. At the same time, it was agreed that FFT size is the same as or smaller than the one in the in Rel-15/-16 NR. Higher SCS is the realistic approach to support 2 GHz bandwidth with keeping the current FFT size. The other one might be the robustness against the inter-carrier interference (ICI) introduced by the phase noise in higher frequencies such as 52.6 – 71 GHz. . 

On the other hand, large SCS will shorten the CP length and is less robustness on the frequency selectivity of the channel, which may lead to some performance degradation. It needs to be considered for the discussion on SCS. Also, the changes added to the current NR should be minimized. In this sense, only one or two SCSs are sufficient for 52.6 – 71 GHz band in our view. 

For bandwidths to be used in 52.6 – 71 GHz, as described already, at least wider bandwidth such as 2 GHz should be considered. If there is a potential challenge for hardware to support such quite wide bandwidth, slightly smaller but sufficiently wide bandwidth, e.g. 1 GHz, would also be a possibility. Also, for the simple extension of FR2 operation in Rel-15/16, 400 MHz bandwidth is also a candidate value. In addition to the maximum bandwidth, we should also consider what should be supported as the minimum bandwidth. The minimum bandwidth should be able to contain at least SSB and minimum CORESET#0 bandwidth which is TDMed or FDMed with SSB. In addition, smaller minimum bandwidth requires larger number of synchronization raster if standalone initial access is supported in 52.6 – 71 GHz. Therefore, this point would need to be discussed with some PHY aspects, e.g., minimum CORESET#0 bandwidth, multiplexing between SSB and CORESET#0 and initial access procedure. In our view, the minimum channel bandwidth should be at least wider than 50 MHz which is the minimum channel bandwidth in FR2.

Observation 9: Higher SCS than the one supported in Rel-15/16 is beneficial to support larger BW and cope with phase noise 

Proposal 1: For numerology, at least one higher SCS than 120 kHz should be introduced for 52.6 – 71 GHz NR.
· The number of SCSs to be newly supported for 52.6 – 71 GHz should be minimized
· For 960 kHz SCS if supported for 52.6 – 71 GHz, extended CP should be considered


Proposal 2: For bandwidth, at least wider maximum channel bandwidth than 400 MHz should be defined for 52.6- 71 GHz.
· 2 GHz or slightly smaller but sufficiently wide bandwidth such as 1 GHz should be considered.
· FFT size should remain the same or smaller than 4k
· Wider minimum channel bandwidth for 52.6 – 71 GHz than 50 MHz should be considered. 

· Initial access signals/channels
1) Transmission of SSBs (and multiplexed CORESET#0 PDCCH, RMSI PDSCH)
For SSB, one issue identified at the last e-meeting is the necessity of gap time between SSBs. In Rel-15/16 NR, even in FR2 with 240 kHz SCS for SSB, multiple SSBs are consecutively transmitted in time domain, i.e., no gap time between some SSBs. As different beams are assigned to different SSBs within a periodicity, consecutive transmissions of SSB beams without a gap time means consecutive transmissions with different directional beams without a gap time. However, the change of beam direction may require a certain time, and such time may not be ignorable especially when higher SCS such as 960 kHz is applied for SSB. To ensure such time duration to change the beam direction, a gap symbol(s) may be necessary between SSB beams. Note that it can be a common issue among any transmissions with beam switching in case of using higher SCS. We should discuss whether such gap symbol(s) for beam switching time is necessary or not in general at first in our view. 

Proposal 3: Whether to introduce gap symbol(s) for beam switching time should be discussed not only for SSB but also for any signal/channels with beam switching in case that higher SCS such as 960 kHz is supported.

Another issue is the multiplexing of SSB and CORESET#0 (and RMSI PDSCH). We think one of the discussion points here can be the relation of SCS between SSB and CORESET#0 PDCCH, so we discuss this issue further based on the table as follows:

Table 3: Possible relation of SCS between SSB and CORESET#0
	#Option
	SCS of CORESET#0
	SCS of SSB

	1-1
	Reusing the existing SCS in Rel-15/16 NR FR2 (i.e., 120 kHz)
	Higher than CORESET#0

	1-2
	
	Same as CORESET#0

	1-3
	
	Lower than CORESET#0

	2-1
	Higher than Rel-15/16 FR2 SCS, which may be newly supported in this SI (e.g., 240, 480 or 960 kHz)
	Higher than CORESET#0

	2-2
	
	Same as CORESET#0

	2-3
	
	Lower than CORESET#0


Option 1 above is the case where the existing SCS (120 kHz SCS) is used for SCS of CORESET#0, and the option 2 is higher SCS than FR1/2 is used for SCS of CORESET#0. Either option 1, option 2 or both options would be supported.

In option 1, the possible cases of SCS for SSB are higher than SCS of CORESET#0 as shown in option 1-1, same as SCS of CORESET#0 as shown in option 1-2, or lower than SCS of CORESET#0 as shown in option 1-3. We think that option 1-3 is not appropriate as such case is not supported even in Rel-15/16 FR2. Option 1-1 is similar to the cases supported in Rel-15/16 FR2 such as {120, 60}, {240, 60} and {240, 120} kHz for SCS of {SSB, CORESET#0}, where SSB and CORESET multiplexing pattern 1 and 2 are supported. This option is beneficial for smaller beam sweeping overhead for SSB transmissions thanks to higher SCS for SSB. The multiplexing pattern 1 is necessary if the minimum channel bandwidth cannot cover SSB bandwidth + CORESET#0 bandwidth and/or if SCS of SSB is more than two times higher than SCS of CORESET#0 so that RMSI PDSCH cannot be FDMed with SSB due to less than two symbols available for each RMSI PDSCH. The multiplexing pattern 2 can be used if the minimum channel bandwidth can cover SSB bandwidth + CORESET#0 bandwidth and if SCS of SSB is just two times higher than SCS of CORESET#0. The multiplexing pattern 2 is beneficial in terms of smaller beam sweeping overhead thanks to FDMed transmission of SSB and RMSI PDSCH. The multiplexing pattern(s) to be supported should be considered with the minimum channel bandwidth, required number of symbols for RMSI PDSCH considering coverage performance and SCS of SSB.

Option 1-2 is that both of SCSs of SSB and CORESET PDCCH are 120 kHz SCS, where SSB and CORESET multiplexing pattern 1 and 3 are supported in NR FR2. The comparison between pattern 1 and 3 may be similar to the one between pattern 1 and 2 as already discussed above. As mixed numerology between SSB and other signals/channels on the same cell may be more complex than the single numerology case, this option may be preferable in terms of less complexity. 

In option 2, same as option 1, there are three possible cases of SCSs for SSB: higher than SCS of CORESET#0 (option 2-1), same as SCS of CORESET#0 (option 2-2) and lower than SCS of CORESET#0 (option 2-3). Option 2-1 is similar to option 1-1, which may support SSB and CORESET multiplexing pattern 1 and/or 2. However, different from option 1-1, since SCS of CORESET#0 is already high, the benefit/necessity of higher SCS for SSB than that of CORESET#0 may not be clear according to our performance evaluation results on SS/PBCH. 

Option 2-2 may be preferable option in case that higher SCS is supported for CORESET#0 and other signals/channels since it achieves single numerology operation as explained in option 1-2. Same as option 1-2, multiplexing pattern 1 and 3 can be considered.

Option 2-3 is also possible option for the case that higher SCS is supported for CORESET#0 and other signals/channels in our view. It is similar to one of supported cases in NR FR1 such as {15, 30} kHz for SCS of {SSB, CORESET#0}, and it may be possible that single SSB SCS is applied for all supported SCSs of CORESET#0 in case that multiple SCSs are supported for CORESET#0 and other signals/channels e.g., for different channel bandwidth. It would be beneficial if the number of supported SCSs for SSB is minimized in terms of implementation and specification impacts. For this option, multiplexing pattern 1 as in NR FR1 and/or other multiplexing pattern such as pattern 2 can be considered. FDM between SSB and CORESET#0/RMSI PDSCH may be easier in this option thanks to larger number of available symbols for CORESET#0/RMSI PDSCH than that in option 2-2.

Based on above, we obtain the following observations:

Proposal 4: For SSB and CORESET multiplexing, following aspects should be discussed
· Which SCS(s) is supported for SSB and which combination(s) of SCS between SSB and CORESET#0 is supported
· Whether only single numerology is supported as in Rel-16 NR-U or not
· Whether the number of supported SCSs for SSB should be minimized
· Which multiplexing pattern between SSB and CORESET#0 is supported for each combination of SCS between SSB and CORESET#0
· What are minimum channel bandwidth, minimum required CORESET#0 bandwidth and minimum required bandwidth for RMSI PDSCH
· Whether beam sweeping overhead should be minimized by FDM between SSB and CORESET#0 and/or RMSI PDSCH

2) PRACH sequence and RO
For PRACH sequence, Rel-15 NR supports long sequence (839, for FR1) and short sequence (139, for FR1 and 2), and Rel-16 NR-U additionally supports longer sequence (1151 for 15 kHz and 571 for 30 kHz SCS). To align with the existing NR FR2, at least short sequence should be supported in our view. 

Whether to support non-consecutive RACH occasions is also identified as an issue at the last e-meeting, which is motivated by considering LBT gap and/or beam switching gap. From our perspective, the necessity of LBT gap is unclear since it is not supported in Rel-16 NR-U and is less motivated in higher frequency where the transmission is highly directional and LBT failure would rarely happen. The necessity of beam switching gap is also not clear at this moment although we propose to discuss it in general manner first as in proposal 3. Hence, the support of non-consecutive RACH occasions should be discussed after the discussion on LBT and beam switching gap. 

Proposal 5: For PRACH sequence, short PRACH sequence supported in Rel-15 NR should be a baseline. 



· Other DL/UL signals/channels
In Rel-15/16 NR, the RB is defined with 12 subcarriers irrespective of SCS, and frequency domain resource allocation for data/control channels and for RS is per RB basis and subcarrier basis, respectively. Therefore, the change of SCS means the change of the absolute bandwidth of a resource allocation unit for data/control channels in frequency domain and the change of the absolute frequency interval of frequency unit for RSs. Slot duration (and symbol duration) is also changed based on the change of SCS if we reuse the scaling supported in Rel-15/16. 

For RS such as DMRS and PTRS, by extending SCS, the density per absolute time/frequency range is changed. For instance, in Rel-15/16 NR, DMRS is allocated per subcarrier basis in frequency domain, and type-1/-2 DMRS assume that two/six consecutive subcarriers are within a coherent bandwidth. However, the coherent bandwidth basically depends on the DS of the channel. Thus, if higher SCS is applied, depending on the channel, such assumption on channel-coherency in type-1/-2 DMRS may not be valid, and then DMRS density may not be sufficient for channel estimation. Further, DMRS ports multiplexing may also not work appropriately. To deal with these issues, DMRS resource allocation needs to be revisited if higher SCS is introduced in 52.6 – 71 GHz. 

Proposal 6: How to allocate resource for RS (e.g. DMRS, PTRS) in frequency domain needs to be considered for higher SCS if introduced
· DMRS density in frequency domain may not be sufficient
· DMRS ports multiplexing may not work well

For data, i.e. PDSCH and PUSCH, shorter OFDM symbol duration due to higher SCS would cause the coverage performance degradation compared with lower SCS. As transmissions in higher frequency will be affected by larger propagation loss, such coverage performance degradation should be avoided. One potential solution would be to enable a single PDSCH/PUSCH allocated on more than 14 symbols. This solution can be realized by changing slot definition with larger number of symbols than 14, or by allowing PDSCH/PUSCH mapping across multiple slots. In either case, single DCI should be used to schedule the single PDSCH or PUSCH.

Also, in unlicensed band, there are some regulatory aspects, e.g. EIRP/PSD limitation. For example, channel for which only 1 RB is available (e.g. PUCCH format 0/1) may still be affected by EIRP/PSD limitation even if SCS is 120 kHz or larger. Such channels would require some enhancements to ensure sufficient transmit power under EIRP/PSD limitation.

Proposal 7: How to allocate resource for data in frequency domain needs to be considered especially for higher SCS if introduced. 
· PDSCH/PUSCH allocated on more than 14 symbols would be beneficial. 
· In 60 GHz unlicensed band, the necessity of interlaced PUCCH/PUSCH would be questionable.  
· Enhancements on RB allocation for PUCCH format 0/1 should be considered.


· Beam management
For beam management, following issues were identified at the last e-meeting:

1) Beam determination/refinement during initial access
In this SI, the number of SSB beams is up to 64, which is already supported for FR2. It could result in the situation where SSB beam may not be narrow enough, considering large propagation loss. During initial access, subsequent transmissions (e.g. for RMSI and Msg2/3/4) would be assumed to use the same beam as the corresponding SSB in NR in FR1/2. Therefore, the coverage issue due to large propagation may also be problematic for such transmissions. To cope with this, the beam refinement during initial access may be beneficial to cope with large propagation loss in 52.6 – 71 GHz frequency. 

Observation 10: SSB beam may not be narrow enough for subsequent transmissions considering large propagation loss.

Proposal 8: Coverage enhancements for transmissions during initial access should be discussed.

2) Beam failure detection issues
BFR is supported in Rel-15/16 NR (for PCell/PSCell in Rel-15 and for SCell in Rel-16) to cope with beam mis-matching within a coverage. In 52.6 – 71 GHz, assuming narrower beam width than that in lower frequency, there may be more opportunities where BFR needs to be performed, i.e. beam mis-matching may happen more frequently. Thus, the current BFR procedure may need to be enhanced to improve the efficiency of the BFR procedure. For example, in the current BFR procedure a candidate beam set [image: ]can be configured, where the number of beams is limited to at most 64. More beams may need to be included for BFR in 52.6 – 71 GHz. Another point is the gap time to apply new beam after the reception of BFR response from gNB. UE may not be able to apply the new beam indicated by gNB within a duration of 28 symbols after the reception of BFR response due to shorter symbol duration in case of higher SCS. Furthermore, in CA case, the current BFR procedure needs to be performed for each SCell independently. However, cells in the same band would have same beam configuration and hence updating beam configuration for multiple SCells simultaneously may be beneficial. During BFR procedure, UE monitors periodic CSI-RS and/or SSB to detect beam failure based on estimated link quality. However, such periodic transmission may not be ensured in unlicensed spectrum due to channel access procedure. Monitoring RS or channel other than such periodic transmissions may need to be considered. 


Proposal 9: BFR procedure enhancement needs to be considered with at least following points
· The number of candidate beams included in set[image: ]
· The minimum time gap to apply new beam configuration after receiving BFR response from gNB
· Simultaneous update of beam configuration for multiple SCells
· Monitoring aperiodic transmissions for beam failure detection

· Required processing timelines and scheduling
1) UE minimum processing timelines and PDCCH monitoring capabilities (BD/CCE limits) for high SCS and their potential impact on scheduling and HARQ functionality of NR
As described earlier, applying higher SCS results shortened OFDM symbol duration, and it affects the relative values defined based on the number of slots or symbols. For example, k0, k1 and k2 are such relative values since they are based on number of slots but should consider absolute time duration for UE processing which would be independent of SCS and symbol duration. Hence, for higher SCS, the current candidate values supported in RRC configuration may not be sufficient/appropriate to meet UE processing limitation. To cope with this issue, a possible approach would be to extend, limit or shift RRC configured candidate values of k0, k1 and k2 for higher SCS. 

Proposal 10: For higher SCS, the appropriate configuration of k0, k1, k2 need to be discussed to meet UE minimum processing timeline.
· If the current candidate values don’t meet UE processing limitation, extending, limiting or shifting the range of k0, k1, k2 may be necessary.

2) Beam switching time
As discussed above for SSB and PRACH, beam switching time may not be ignorable in case of short OFDM symbol/CP durations with high SCS. If a sufficient time gap for beam switching is not provided between transmissions/receptions with different beam directions, a performance would be degraded due to inappropriate beam for the part of transmission/reception. In order to avoid such performance degradation, a sufficient time gap for beam switching e.g., blank symbol between transmissions/receptions with different beam directions may be necessary in case of high SCS.

Proposal 11: Whether to introduce beam switching gap (i.e., whether guard period is necessary  for beam switching between transmissions/receptions with different beam directions) should be discussed for potential high SCS.


3) Scheduling operation, including T/F scheduling granularity and PDCCH monitoring unit for high SCSs
Another issue caused by narrower analogue beam is a restriction on the user scheduling. Smaller number of UEs can be covered by one beam due to the narrower beam width. Also, due to the constraint on cost and power consumption, limited number of TXRUs will be mounted on the high frequency equipment, which restricts the MIMO capability for spatial multiplexing. Considering both factors, there may be less opportunity for the system to schedule multiple users via FDM on the same beam. Also, allocating small number of symbols in time domain may cause a coverage issue as discussed earlier. In Rel-15/16 NR, the scheduling granularity is RB in frequency domain and symbol in time domain. Such granularity may not be necessary i.e., too fine considering beam width and coverage. Reducing scheduling granularity may be able to save required bits for resource allocation in DCI, and it may be beneficial for PDCCH coverage.

Observation 11: The current granularity in time/frequency domain in Rel-15/16 may be too fine, assuming less opportunity for FDM between UEs due to narrower beam width and larger number of symbols required for coverage performance.
5. Conclusion
In this contribution, we discuss about evaluation methodology and required changes on NR in 52.6 – 71 GHz. Our proposals/observations are as follows:

Observation 1: Following observations are derived according to the link-level simulation results.
· On SCS with 400 MHz carrier bandwidth: Under the PN model and linear channel/PN estimation methods used in the evaluations, similar performance is achieved with 120 kHz and 240 kHz SCS, which is superior to remaining configurations.
· On ECP with 960 kHz SCS: BLER performance gain can be observed with ECP configuration. However, when taking ECP overhead into the consideration (14% additional overhead introduced by ECP compared with normal CP), ECP does not introduce significant throughput gain to compensate the throughput loss caused by the additional overhead.
· On PTRS & PN compensation: With 400 MHz carrier bandwidth, the BLER cannot reach 0.01 for higher MCS levels such as MCS 22, and it cannot reach 0.1 for higher MCS levels with 2 GHz carrier bandwidth. Advanced receiver and/or enhanced PTRS should be further studied to improve the link performance.

Observation 2: 
· For SS detection, PBCH DMRS detection and PBCH BLER performances, all candidate SCSs show comparable performances in TDL channel. 

Observation 3: 
· For PRACH preamble detection performances, all candidate SCSs show comparable performances in TDL channels with the same PRACH format. The performance would be improved by increasing the number of PRACH sequence repetitions. 

Observation 4: 
· In Indoor-C scenario, the area is well-covered by the 60 GHz cells. More than 98% UEs have RSRP measurements large than the specified RSRP threshold. 

Observation 5:
· Based on the downlink geometry, the serving area of Indoor-C scenario is well covered with 64 beams per cell especially for 400 MHz bandwidth case.
· For DL geometry, about 3-4 dB gap is observed between 400 MHz and 2 GHz bandwidth case, due to the less Tx power density for 2 GHz case.
· For UL geometry, larger performance gap is observed due to the lower UE transmission power.

Observations 6:
· For high RU cases, 1.4 Gbps / 284 Mbps average throughput can be achieved w/ 400 MHz CBW, and 6.1 Gbps / 656 Mbps average throughput can be achieved w/ 2 GHz CBW, for DL/UL respectively.
· For downlink, the throughput does not increase linearly with the bandwidth due to the SINR degradation, but the impact is relatively small.
· For uplink, the throughput w/ 2 GHz CBW is only 2 times of that w/ 400 MHz CBW, given that the CBW is 5 times wider. Severe uplink performance degradation is observed. The possible reasons include,
· Worse wideband SINR for uplink.
· Low frequency domain resource utilization efficiency caused by narrower beam or UE power limitation.

Observation 7:
· Little UE can access 60 GHz system in Outdoor-B scenario. The coverage of 60 GHz system is limited when outdoor path-loss is considered. Enhancement schemes for the coverage should be investigated when outdoor deployments are considered.

Observation 8:
· The mean RMS DS of 60 GHz system in Outdoor-B scenario is about 23 ns and the 95%-tile DS value is about 80 ns.
· More than half of UE experiences channels with DS larger than 20 ns, which should be referred to in the link performance evaluation with large DS configurations.

Observation 9: Higher SCS than the one supported in Rel-15/16 is beneficial to support larger BW and cope with phase noise 

Proposal 1: For numerology, at least one higher SCS than 120 kHz should be introduced for 52.6 – 71 GHz NR.
· The number of SCSs to be newly supported for 52.6 – 71 GHz should be minimized
· For 960 kHz SCS if supported for 52.6 – 71 GHz, extended CP should be considered

Proposal 2: For bandwidth, at least wider maximum channel bandwidth than 400 MHz should be defined for 52.6- 71 GHz.
· 2 GHz or slightly smaller but sufficiently wide bandwidth such as 1 GHz should be considered.
· FFT size should remain the same or smaller than 4k
· Wider minimum channel bandwidth for 52.6 – 71 GHz than 50 MHz should be considered. 

Proposal 3: Whether to introduce gap symbol(s) for beam switching time should be discussed not only for SSB but also for any signal/channels with beam switching in case that higher SCS such as 960 kHz is supported.

Proposal 4: For SSB and CORESET multiplexing, following aspects should be discussed
· Which SCS(s) is supported for SSB and which combination(s) of SCS between SSB and CORESET#0 is supported
· Whether only single numerology is supported as in Rel-16 NR-U or not
· Whether the number of supported SCSs for SSB should be minimized
· Which multiplexing pattern between SSB and CORESET#0 is supported for each combination of SCS between SSB and CORESET#0
· What are minimum channel bandwidth, minimum required CORESET#0 bandwidth and minimum required bandwidth for RMSI PDSCH
· Whether beam sweeping overhead should be minimized by FDM between SSB and CORESET#0 and/or RMSI PDSCH

Proposal 5: For PRACH sequence, short PRACH sequence supported in Rel-15 NR should be a baseline. 

Proposal 6: How to allocate resource for RS (e.g. DMRS, PTRS) in frequency domain needs to be considered for higher SCS if introduced
· DMRS density in frequency domain may not be sufficient
· DMRS ports multiplexing may not work well

Proposal 7: How to allocate resource for data in frequency domain needs to be considered especially for higher SCS if introduced. 
· PDSCH/PUSCH allocated on more than 14 symbols would be beneficial. 
· In 60 GHz unlicensed band, the necessity of interlaced PUCCH/PUSCH would be questionable.  
· Enhancements on RB allocation for PUCCH format 0/1 should be considered.

Observation 10: SSB beam may not be narrow enough for subsequent transmissions considering large propagation loss.

Proposal 8: Coverage enhancements for transmissions during initial access should be discussed.

Proposal 9: BFR procedure enhancement needs to be considered with at least following points
· The number of candidate beams included in set[image: ]
· The minimum time gap to apply new beam configuration after receiving BFR response from gNB
· Simultaneous update of beam configuration for multiple SCells
· Monitoring aperiodic transmissions for beam failure detection

Proposal 10: For higher SCS, the appropriate configuration of k0, k1, k2 need to be discussed to meet UE minimum processing timeline.
· If the current candidate values don’t meet UE processing limitation, extending, limiting or shifting the range of k0, k1, k2 may be necessary.

Proposal 11: Whether to introduce beam switching gap (i.e., whether guard period is necessary  for beam switching between transmissions/receptions with different beam directions) should be discussed for potential high SCS.

Observation 11: The current granularity in time/frequency domain in Rel-15/16 may be too fine, assuming less opportunity for FDM between UEs due to narrower beam width and larger number of symbols required for coverage performance.


Appendix

[bookmark: _Ref40300226]Table A-1: Simulation Assumptions for Link-level Evaluations
	Parameter
	Value

	Carrier frequency
	60 GHz

	Carrier bandwidth
	400 MHz / 2 GHz

	Subcarrier spacing (SCS)
	120/240/480/960 kHz (400 MHz) / 960 kHz (2 GHz)

	Number of RB
	256/128/64/32 (400 MHz) / 160 (2 GHz)

	Waveform
	CP-OFDM

	CP
	NCP for all SCS / ECP for 960 kHz SCS

	Channel model
	TDL-A (5/10/20 ns)
CDL-B (20/50 ns)
CDL-D (20/30 ns)

	BS antenna array
	2x2 for TDL

	PN model
	TR38.803 example 2

	Pre-loaded Tx EVM
	3%

	Rx EVM
	5%

	DMRS Configuration
	1 symbol

	PTRS Configuration
	(K = 2, L = 1) / Off

	MCS
	16 (16-QAM)


[bookmark: _Ref47589186]Table A-2: Simulation Assumptions for System-level Evaluations
	Parameter
	Value

	Scenario
	Indoor-C

	Carrier frequency
	60 GHz

	Carrier bandwidth
	400 MHz / 2 GHz

	Subcarrier spacing (SCS)
	120 kHz (400 MHz) / 960 kHz (2 GHz)

	Number of RB
	256 (400 MHz) / 160 (2 GHz)

	UE distribution
	10 UE per cell (100% indoor)

	Channel model 
	InH office （TR38.901）

	Mobility
	3 kmph

	BS antenna array
	（1，1，4，8，2）, 5 dBi omnidirectional gain

	UE antenna array
	（1， 2， 2， 2，2）， 5 dBi omnidirectional gain

	BS power limitation
	40 dBm EIRP

	UE power limitation
	25 dBm EIRP w/ 21 dBm max TRP

	BS noise figure
	7 dB

	UE noise figure
	10 dB

	Transmission rank
	RI adaptation

	PDSCH overhead
	2 symbol

	DMRS overhead 
	1 symbol

	TDD DL:UL ratio
	4:1

	CSI feedback
	Ideal

	Traffic model
	FTP model 3 (27Mbyte file)

	UE receiver
	MMSE-IRC

	Cell selection
	Strongest RSRP w/ 1dB HO margin
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