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Introduction
The study item has been going on for two meetings in RAN4 until now. The main objective on numerology and channel bandwidths has been discussed extensively and a great progress was made in the last RAN4 meeting. Candidate minimum channel bandwidths based on SCS 120kHz are presented, and the maximum channel bandwidth will be decided in RAN4 according to RAN1’s decision on the maximum SCS. The progress on numerology and channel bandwidths for B52.6G was captured in WF [1]:
· Minimum channel bandwidth for 52.6 – 71 GHz NR operation: both 50MHz and 400MHz channel bandwidths are considered as conclusion of RAN4 part of SI and as inputs to the follow up WI discussions.
· Maximum channel bandwidth for 52.6 – 71 GHz NR operation: depends on the decision on the max SCS in RAN1 (both 480 and 960 kHz SCS under consideration in RAN1) and further RAN4 discussion in follow up WI.
· Carrier aggregation is considered to be used for NR operation in 52.6 – 71 GHz range. Decision on intra/inter band operation in contiguous/non-contiguous allocation is out of scope of this SI.
In this contribution, we further discuss the channel bandwidths and give our preference on the maximum and minimum channel bandwidths for B52.6G.
[bookmark: OLE_LINK5]Discussion
Minimum channel bandwidth
Two candidate minimum channel bandwidths for B52.6G, 50 MHz and 400 MHz, based on minimum SCS were presented in RAN4. In this contribution, we share our views for choosing 400MHz as minimum channel bandwidth for B52.6G. 
When it comes to minimum channel bandwidth, it will have an impact on the speed of initial accessing the network for UEs. Minimum channel bandwidth 50MHz was supported by some companies for trying to reuse the metrics defined in FR2. However, the situation is different in B52.6G. The operating bands defined for B52.6G are most likely to have larger spectrum holdings than the bands in FR2. If the same minimum channel bandwidths are used for B52.6G, the number of sync raster points can be multiple times of that for FR2. This can be illustrated in Figure 1.
[image: ]
Figure 1. Possible ways of defining sync raster for B52.6G
Figure 1 shows the possible ways of defining sync raster for B52.6G. The method showed above follows the principle in NR, which is sliding the minimum channel bandwidth in the band with the granularity of channel raster, while ensuring all the possible channels can contain at least one SSB. Another way of defining sync raster is using the same method as NR-U: the channel is evenly, continuously spaced in the band, and every channel position has one fixed SSB. Regardless of which way to define sync raster, it is approximately estimated that the number of raster points for 50MHz is eight times of the number of raster points for 400MHz. Therefore, searching SSB with 50MHz minimum channel bandwidth is much more time-consuming than that of 400MHz minimum channel bandwidth.
From the perspective of the searching speed for SSB, the minimum channel bandwidth with 400MHz has more advantage than 50MHz.
[bookmark: _Hlk61444455]Observation 1: Searching SSB with 50MHz minimum channel bandwidth is much more time-consuming than that of 400MHz minimum channel bandwidth.

Minimum channel bandwidth will also have an impact on the supported channel bandwidth set for B52.6G. In FR2, the supported channel bandwidth set is {50M, 100M, 200M, 400M}. For B52.6G, it is most likely to support larger maximum channel bandwidth than FR2. Assuming 2000MHz as the maximum channel bandwidth, if 50MHz is used as the minimum channel bandwidth for B52.6G, then the channel bandwidth set supported is {50M, 100M, 200M, 400M, 800M, 1200MHz, 1600MHz, 2000MHz}.
In the same assumption of maximum channel bandwidth, if 400MHz is chosen as the minimum channel bandwidth, then the supported channel bandwidth set is {400M, 800M, 1200M, 1600M, 2000M}.
It is obvious that with 400MHz as the minimum channel bandwidth, the scale of the channel bandwidth set is more reasonable. The core RF requirements are defined based on the supported channel bandwidths. When 50MHz is chosen as the minimum channel bandwidth, the number of supported channel bandwidths is larger, then more workload needs to be paid defining the core RF requirements.
Furthermore, from implementations point of view, supporting the channel bandwidth set from smaller minimum channel bandwidth up to 2000MHz, the area of the chip design would be larger and the cost will be relatively higher than the design with larger minimum channel bandwidth.
[bookmark: _Hlk61444490]Observation 2: With 400MHz as the minimum channel bandwidth, the scale of the channel bandwidth set is more reasonable, the workload of defining the RF requirements is lighter.

The minimum channel bandwidth may potentially impact the RAN1’s physical layer design. Three different SSB multiplexing methods have been supported in existing specification, as illustrated in Figure 2. For pattern 1, the SSB is TDMed with CORESET and RMSI. For pattern 2 and 3, the SSB is FDMed with CORESET and RMSI. For B52.6, since the FDM manner of pattern 2 and pattern 3, it shows some problems with 50M minimum channel bandwidth:
· [bookmark: _Hlk61442948]With 120kHz SCS, 50 MHz minimum channel bandwidth with NRB of 32 RBs.
· [bookmark: _Hlk61443011]20 RBs for SSB, at most 12 RBs for RMSI/CORESET (Pattern 2/3)
· With 120kHz SCS, 400 MHz minimum channel bandwidth with NRB of 264 RBs. 
· 20 RBs for SSB, at most 244 RBs for RMSI/CORESET (Pattern 2/3)
[image: ]
Figure 2. Multiplexing of CORESET, SSB, RMSI
[bookmark: _Hlk61443227]It can be observed that with 50MHz minimum channel bandwidth, there may not be enough RBs for RMSI/CORESET.
Observation 3: With 50MHz minimum channel bandwidth, there may not be enough RBs for RMSI/CORESET.
In FR2, the maximum transmission bandwidth configuration for [120k, 50M] and [120k, 400M] is specified in Table 1. The maximum transmission bandwidth configuration for 50MHz is 32 RB and the spectral efficiency is 92.16%; while for 400MHz, the spectral efficiency is 95.04%. It can be observed that 400MHz has higher spectral efficiency than 50MHz. For B52.6G, larger minimum channel bandwidth 400MHz is preferred for higher spectral efficiency.

Table 1 Maximum transmission bandwidth configuration NRB
	[bookmark: OLE_LINK11][bookmark: OLE_LINK12]SCS (kHz)
	50 MHz
	400 MHz

	
	NRB
	NRB

	120
	32
	264



Observation 4: For B52.6GHz, 400MHz has higher spectral efficiency than 50MHz.
For further study, the BLER performance under different minimum channel bandwidths 50M and 400M is simulated. First, the performance without phase noise is evaluated. Then, the performance with CPE compensation considering the impact of phase noise is simulated. The simulation parameters are summarized in Appendix 1.The BLER performance of [120k, 50M] and [120k, 400M] is shown in Figure 3 by assuming a CP-OFDM waveform with QPSK and 16 QAM modulation.
[image: ]
Figure 3. Comparison of 50M and 400M without phase noise
[bookmark: _Hlk61277083]It is shown in Figure 3 that for QPSK and 16QAM, the performance of 400M case shows around 1dB gain than that of 50M case in 10% BLER point. 
[bookmark: _Hlk61444546]Observation 5: The performance of 400M case shows around 1dB gain in 10% BLER point than that of 50M case with no phase noise.
Then, the BLER performance with CPE compensation considering phase noise is simulated under different minimum channel bandwidths. It is shown in Figure 4 that the BLER performance of [120k, 50M] and [120k, 400M] is compared, assuming a CP-OFDM waveform with QPSK and 16QAM modulation.
[image: ]
Figure 4. Comparison of 50M and 400M with CPE compensation
[bookmark: _Hlk61277937][bookmark: _Hlk61602902]It is observed that the performance of 400M case is about 1.5dB and 0.8dB higher than that of 50M with QPSK and 16QAM modulation in 10% BLER point, respectively.
[bookmark: _Hlk61444559][bookmark: _Hlk61621390]Observation 6: The performance of 400M case is about 1.5dB and 0.8dB higher than that of 50M case with QPSK and 16QAM modulation in 10% BLER point in case of CPE compensation, respectively.
[bookmark: _Hlk61444022]Proposal 1: For the minimum channel bandwidth，RAN4 should support 400 MHz with 120kHz SCS for B52.6G.
Maximum channel bandwidth
The maximum channel bandwidth for B52.6G depends on the maximum SCS decided in RAN1. During RAN1 SI, SCS of 120kHz, 480kHz, 960kHz are agreed to be introduced for B52.6G. In RAN4, the maximum channel bandwidth of 1600MHz was proposed considering 480kHz SCS. Another potential candidate for maximum channel bandwidth 2000MHz for 960kHz. From our perspective, it is preferred to support 2000MHz maximum channel bandwidth for B52.6G since this frequency range has large spectrum holding and also for the competition with other 60GHz technology. Meanwhile, we analyse the BLER performance for two cases:
· SCS: 480kHz Channel bandwidth:1600M
· SCS: 960kHz Channel bandwidth:2000M
Figure 5 shows comparison of the BLER performance of [480k, 1600M] and [960k, 2000M], assuming a CP-OFDM waveform with QPSK and 16QAM modulation with no phase noise.
[image: ]
Figure 5. Comparison of [480k, 1600M] and [960k, 2000M] without phase noise
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]It is observed in Figure 5 that 2000M provides a little gain compared to 1600M with QPSK and 16QAM modulation. 
[bookmark: _Hlk61448681][bookmark: _Hlk61448696]The BLER performance of [480k, 1600M] and [960k, 2000M] is shown in Figure 6, under the assumption of an UL scenario with CP-OFDM waveform, QPSK and 16QAM modulation with CPE compensation.
[image: ]
Figure 6. Comparison of [480k, 1600M] and [960k, 2000M] with CPE compensation
It is indicated in Figure 6 that the BLER performance of 2000M provides separately about 0.1dB and 0.2dB gain in 10% BLER point compared to 1600M with QPSK and 16QAM modulation.
[bookmark: _Hlk61444593]Observation 7: The BLER performance of 2000M provides a little gain compared to 1600M with QPSK and 16QAM modulation.
[bookmark: _Hlk61615222]Proposal 2: For the maximum channel bandwidth, RAN4 should support 2000MHz with 960kHz for B52.6G.
Conclusion
In this contribution, we further discuss the minimum and maximum channel bandwidths for B52.6G. The following observations and proposals are made:
Observation 1: Searching SSB with 50MHz minimum channel bandwidth is much more time-consuming than that of 400MHz minimum channel bandwidth.
Observation 2: With 400MHz as the minimum channel bandwidth, the scale of the channel bandwidth set is more reasonable, the workload of defining the RF requirements is lighter.
Observation 3: With 50MHz minimum channel bandwidth, there may not be enough RBs for RMSI/CORESET.
Observation 4: For B52.6GHz, 400MHz has higher spectral efficiency than 50MHz.
Observation 5: The performance of 400M case shows around 1dB gain in 10% BLER point than that of 50M case with no phase noise.
Observation 6: The performance of 400M case is about 1.5dB and 0.8dB higher than that of 50M case with QPSK and 16QAM modulation in 10% BLER point in case of CPE compensation, respectively.
[bookmark: _Hlk61444569]Proposal 1: For the minimum channel bandwidth，RAN4 should support 400 MHz with 120kHz SCS for B52.6G.
Observation 7: The BLER performance of 2000M provides a little gain compared to 1600M with QPSK and 16QAM modulation.
Proposal 2: For the maximum channel bandwidth, RAN4 should support 2000MHz with 960kHz for B52.6G.
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Appendix 1: Link simulation parameters
Simulation parameters are shown in Table A-1.
[bookmark: _Ref47608895]Table A-1. Simulation parameters
	Carrier frequency
	60GHz

	Subcarrier spacings
	120/240/480/960 kHz

	Bandwidths
	50MHz, 400 MHz, 1600M, 2 GHz

	Number of PRBs
	For 50 MHz:
- 32 (120 kHz)

For 400 MHz:
- 256 (120 kHz)

For 1600 MHz:
- 256 (480 kHz)

For 2000 MHz:
- 160 (960 kHz)

	Waveforms
	CP-OFDM (uplink)

	Cyclic prefix
	Normal

	Channel model
	TDL-A 10ns

	Antenna configuration
	TDL-A 2x2

	Mobility
	3km/h

	gNB TRP PN Model
	3GPP TR38.803 example 2 BS PN profile

	UE PN model
	3GPP TR38.803 example 2 UE PN profile

	PA model
	No

	I/Q imbalance
	No

	Frequency offset
	No

	Channel Estimation	
	Realistic

	Transmission Rank
	Rank 1
random precoding

	DMRS Configuration
	2 DMRS symbols at (2,11) symbol index 

	PTRS Configuration
	For CP-OFDM:
 (K = 2, L = 1)

	MCS/TBS
	From MCS Table 1 (TS38.214):
- MCS 13 (QPSK),
- MCS 21 (16QAM),
- MCS 26 (64QAM）
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