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1. [bookmark: OLE_LINK14][bookmark: OLE_LINK13]Introduction
NR specifications that have been developed in Rel-15 and Rel-16 define operation for frequencies up to 52.6GHz, where all physical layer channels, signals, procedures, and protocols are designed to be optimized for users under 52.6GHz. In RAN#86, a new Rel-17 SI (study item) focusing on band between 52.6GHz and 71GHz was approved targeting the imminent commercial opportunities for high data rate communications. The SI will include the following objectives [1]:
· Study of required changes to NR using existing DL/UL NR waveform to support operation between 52.6 GHz and 71 GHz
· Study of applicable numerology including subcarrier spacing, channel BW (including maximum BW), and their impact to FR2 physical layer design to support system functionality considering practical RF impairments [RAN1, RAN4].
· Identify potential critical problems to physical signal/channels, if any [RAN1].
· Study of channel access mechanism, considering potential interference to/from other nodes, assuming beam based operation, in order to comply with the regulatory requirements applicable to unlicensed spectrum for frequencies between 52.6 GHz and 71 GHz [RAN1].
Note: It is clarified that potential interference impact, if identified, may require interference mitigation solutions as part of channel access mechanism.
In this contribution, we further discuss the required changes for frequencies between 52.6GHz  and 71GHz.
2. Numerology and bandwidth
In RAN1#102e-meeting, it was agreed that NR should be designed with maximum FFT size of 4096 and maximum of 275RBs per carrier; and the candidate supported maximum carrier bandwidth(s) for a cell is between 400MHz and 2160MHz.
Since the same FFT size 4096 is used for 52.6GHz to 71GHz, the only way to support larger bandwidth (>400MHz) is to increase the SCS. In Table 1, the values of maximum supported channel bandwidth for larger SCSs are listed. 
Table 1: Transmission numerologies and maximum channel bandwidth
	

	

	CP length
	Maximum channel bandwidth

	0
	15
	4687ns
	50MHz

	1
	30
	2344ns
	100MHz

	2
	60
	1172ns
	200MHz

	3
	120
	586ns
	400MHz

	4
	240
	293ns
	800MHz

	5
	480
	146ns
	1.6GHz

	6
	960
	73ns
	3.2GHz


Currently, in unlicensed spectrum from 52.6GHz to 71GHz, 802.11ad/ay systems already support multiple of 2.16GHz blocks. From the Table 1, it can be seen that over 2GHz channel bandwidth can be supported with 4K FFT assumption (3300*960KHz/0.99=3.2GHz) only with 960KHz SCS. 
However, larger SCS brings challenges in various aspects. 
· Delay spread:  Considering about 7% CP overhead, 960KHz supports 73ns CP length, which is very challenging to cover the delay spread and will cause interference. According to the TR38.901, 960KHz with 73ns CP can only apply to indoor scenario. Further study on the feasibility of 960KHz is needed.
· Multi-beam operation: the beam switching time for existing FR2 is considered to be covered in the CP duration (586ns for 120KHz). However, 73ns CP length of 960KHz is very challenging to cover the beam switching time. So the SSB pattern designs needs further investigation for larger SCS.
· Coverage: in Table 2, we calculate the maximum cell radius that can be supported for preamble formats with different SCSs. It can be seen that the coverage of 960KHz is very limited and can only support over 100m cell radius in format C2. 
Table 2: Maximum cell radius for different SCSs and Preamble formants
	Preamble
format
	Maximum Cell radius (m)

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

	A1
	234
	117
	59
	29
	15

	A2
	527
	264
	132
	66
	33

	A3
	879
	439
	220
	110
	55

	B1
	88
	44
	22
	11
	5

	B2
	264
	132
	66
	33
	16

	B3
	439
	220
	110
	55
	27

	B4
	967
	483
	242
	121
	60

	C0
	1337
	668
	334
	167
	83

	C2
	2324
	1162
	581
	290
	145


Except for above challenges, 960KHz supports maximum 3.2GHz channel bandwidth. The very large bandwidth also has various implementation challenges, such as IF conversion, I/Q mismatch, increase of noise power, flatness of filter, and ADC, DAC performance.
As the SCS increases, there is a trade-off of many aspects, including the supported maximum channel bandwidth, CP required for delay spread/multi-beam operation, coverage and etc. So we propose to consider up to 480KHz SCS for 52.6GHz~71GHz in Rel-17.
Proposal 1: It is proposed to consider up to 480KHz SCS for 52.6GHz~71GHz.
Assuming 480KHz SCS, the supported maximum channel bandwidth is 1.6GHz. NR beyond 52.6 GHz is anticipated to operate in different bands with different maximum possible bandwidths and support configurable transmission bandwidths as NR does. NR should also support relatively narrow bandwidth smaller than the configured transmission bandwidth to improve RF and baseband power consumption and potentially to improve coverage with peak power efficiency. Additionally, support of narrow bandwidth that is smaller than the configured transmission bandwidth in the UL would help benefit transmission of HARQ feedback and small payload sizes. 
Proposal 2: The maximum supported channel bandwidth in 52.6GHz ~71 GHz should be 1.6GHz. 
802.11ad/ay systems currently support multiple of 2.16 GHz block in unlicensed spectrum.  Considering 1.6GHz maximum channel bandwidth, isn order to achieve competitive high peak data rate with 802.11ad/ay, there is a need for carrier aggregation in 52.6GHz ~71 GHz. 
Proposal 3: Carrier aggregation is needed to achieve competitive high peak data rate with 802.11ad/ay in 52.6GHz ~71 GHz
3. Other potential impacts
Except for the impacts on numerology and bandwidth, there are also other aspects that may have potential impacts for NR in 52.6GHz ~71 GHz
[bookmark: OLE_LINK3][bookmark: OLE_LINK4]3.1  Initial Access
If larger SCS is introduced as we discussed in section 2, then it needs to be discussed whether the newly introduced numerologies can apply to both data and preamble/PRACH/SSB. In our view, adopting the same numerologies is preferable from implementation perspective and can avoid additional overhead of the guard band. So the newly introduced numerologies should avoid causing big impact and changes on the existing NR design. 
2.2  UE processing time for PDSCH or CSI
Currently, NR supports two UE capabilities (UE capability 1 and UE capability 2) for PDSCH/CSI or other channels processing. UE capability 2 has stronger capability than UE capability 1. The PDSCH processing time for UE capability 1 and UE capability 2 are presented in Table 2 and Table 3 [4]. Similarly, CSI computation time or delay requirement could be found in Table 5.4.1 and Table 5.4.2 in TS 38.214.
Table 2: PDSCH processing time for PDSCH processing capability 1
	

	PDSCH decoding time N1 [symbols]

	
	dmrs-AdditionalPosition = pos0 in 
DMRS-DownlinkConfig in both of 
dmrs-DownlinkForPDSCH-MappingTypeA, dmrs-DownlinkForPDSCH-MappingTypeB
	dmrs-AdditionalPosition ≠ pos0 in 
DMRS-DownlinkConfig in either of 
dmrs-DownlinkForPDSCH-MappingTypeA, dmrs-DownlinkForPDSCH-MappingTypeB 
or if the high layer parameter is not configured 

	0
	8
	13

	1
	10
	13

	2
	17
	20

	3
	20
	24



Table 3 PDSCH processing time for PDSCH processing capability 2
	

	PDSCH decoding time N1 [symbols]

	
	dmrs-AdditionalPosition = pos0 in 
DMRS-DownlinkConfig in both of 
dmrs-DownlinkForPDSCH-MappingTypeA, dmrs-DownlinkForPDSCH-MappingTypeB

	0
	3

	1
	4.5

	2
	9 for frequency range 1



They show that the specific decoding time for PDSCH (same as other channels) relates to the configured numerologies. That is, if new numerologies are introduced, the corresponding UE processing time need to be identified in the spec. Note that, whether two UE capabilities are required for above 52.6 GHz need to be discussed. For higher frequencies, as the symbol duration is small, maybe only one UE capability could satisfy the requirements.
2.3  Time domain scheduling
For larger numerology [e.g., 480kHz], the symbol duration is reduced further [e.g., as 2.48us for 480kHz]. Time-domain scheduling could be considered for DCI overhead reduction while the transmission latency would not be increased. Specifically, when one BWP is configured for a UE, the resource allocation type could be configured through a high layer parameter. If time-domain scheduling is configured, the frequency resource is fixed as all the RBs of the BWP and only time-domain scheduling is needed. That is, the field of frequency domain resource allocation in the DCI is not needed any more for overhead reduction.  
2.4  Others
Besides the aspects mentioned above, phase noise, beam management overhead reduction or other aspects could be considered for higher frequency. For higher frequency, whether the current PTRS could satisfy requirement or not needs to be studied. For beam management, up to [64] CSI-RS could be configured for beam measurement. More CSI-RS or SSB may be introduced for larger numerology and possible narrower beam. Also, PDCCH/CORSET and PDSCH may always have the same QCL by default for data scheduling.    
4. Conclusion
In this contribution, multiple aspects on required changes for frequencies between 52.6GHz & 71GHz are discussed. Based on the discussion, we have the following proposal: 
Proposal 1: It is proposed to consider up to 480KHz SCS for 52.6GHz~71GHz.
Proposal 2: Considering up to 480KHz SCS, the maximum supported channel bandwidth in 52.6GHz ~71 GHz should be less than or equal to 1.6GHz. 
Proposal 3: Carrier aggregation is needed to achieve competitive high peak data rate with 802.11ad/ay in 52.6GHz ~71 GHz
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