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[bookmark: _Ref528762725]Introduction
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]The study item [1] and work item[2] of supporting NR from 52.6GHz to 71 GHz were agreed together in RAN#86 together with the SID revised in RAN#89.   The study of NR operation in 52.6 GHz to 71 GHz were completed in RAN1#103-e and RAN4#97-e.   The work item of extending NR operation to 71 GHz will start in RAN1#104-e and RAN4#98-e.  Several aspects, such as introducing new SCS and channel bandwidth, in the system design could not have conclusive remarks during the study item since they involve both RAN1 and RAN4.  These aspects need to be discussed with guideline from RAN plenary.  This paper discusses the aspects to consider for the decision on the system design for extending NR operation to 71 GHz.  

Discussion

The study of NR requirements beyond 52.6 GHz in [2] has the requirements of the supporting system bandwidths exceed the 400 MHz maximum bandwidth in NR.   The system bandwidth provided by the regulatory bodies in different regions in certain bandwidth, such 250MHz blocks that can be aggregated to up to 5 GHz in Europe, South Africa, and Canada, 4.75 GHz blocks in UK, up to 5 GHz and 0.9 GHz blocks in US. The IEEE 802.11ad/802.11ay systems support multiple of 2.16 GHz block in unlicensed spectrum.  The maximum bandwidth for a single carrier needs to be extended from 400 MHz.  In RAN1#103-e, several candidates of SCS will be considered as follows,
Agreement:
Numerologies below 120 kHz or above 960 kHz are not supported for any signal or channel.


Agreement:
For operation in 52-71 GHz:
· 120 kHz should be supported
· Up to two additional SCS may be considered and at least one should be supported
· FFS: Applicability of additional SCS to particular signals and channels 

In RAN4#97-e, the minimum and maximum channel bandwidths supported in 52-71 GHz are as follows,
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 followup WI discussions. 
WF#2: 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 followup WI. 
WF#3: 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.


The basic time unit is defined as the smallest unit for all NR parameters and configurations.   The basic time unit defined in Rel-15 already taking into consideration of the future NR enhancement.   The basic time unit Tc  has been used as a unit for the timing related performance requirements for different SCS [3] and calculating PDSCH UE processing procedure time and CSI computation time [4].   

The basic time unit Tc in NR is defined as   
where
Δf max=480 kHz  
Nf = 4096. 
[bookmark: _Hlk57540246]The calculation of basic time unit Tc in NR is considered maximum FFT size of 4096 and already takes into account the future enhancement with the assumption of subcarrier spacing of 480 kHz.  Thus, the extension of the SCS in support of maximum system BW up to 1.6 GHz has been provisioned in the definition of basic time unit Tc  in the beginning of NR system design in Rel-15.  

[bookmark: _Hlk57540820]If the basic time unit Tc  is changed in Rel-17 due to the new SCS, all timing requirements in [3] and the PDSCH processing and CSI calculation time in [4] need to be adjusted in Rel-17 to associated with new basic time unit Tc .    Introducing new basic time unit Tc in Rel-17 would also create discontinuity of RAN1/RAN4 specifications between Rel-16 and Rel-17.   Thus, the basic time unit Tc should remain the same when new SCS is introduced.

[bookmark: _Hlk57542364]Proposal 1:  The basic time unit Tc in NR should not be changed when new SCS is introduced for extending NR operation to 71 GHz     

The increase of the subcarrier spacing will decrease the CP length in proportion.  The shorter CP length might not be sufficient to mitigate the cross-symbol interference caused by multipath and RF switching time for beam sweeping and TDD DL-UL switching.   The length of SCS symbol and associated CP for each SCS are shown in Table 1.  

[bookmark: _Ref40455223]Table 1:  NR numerology and its associated CP for NR support up to 71 GHz
	

	

	Length of Cyclic prefix(ns)
	Possible Maximum system bandwidth with FFT size 4096

	3
	120
	586
	400MHz

	4
	240
	293
	800MHz

	[bookmark: _Hlk57538564]5
	480
	146
	1600MHz

	6
	960
	72
	3200MHz





Larger system bandwidth in high frequency is critical in improving the user perceived throughput (UPT) and improve the trunking efficiency. The increase of the maximum system bandwidth also implies the additional processing capability and processing power at the UE, e.g., sampling rate and processing speed.  The maximum system bandwidth also needs to consider practical hardware limitation and UE complexity since the increase of the maximum system bandwidth would increase the processing speed in RF and baseband proportionally.   Thus, the maximum system bandwidth could not be increased unconditionally without considering the limitation of practical implementation.   
The challenges in RF design for increasing the system bandwidth include A/D sampling, D/A filter, and I/Q mismatch.   The sampling rate for A/D converter could not be lower than the system bandwidth to avoid aliasing.   
The challenge of the baseband processing is the speed of the data processing and the complexity.  The FFT engine and the channel decoder blocks are two areas with most demanding processing power in the baseband processing.   The complexity of the channel decoder blocks would not increase as the system bandwidth increases due to the maximum code block size constraints.   However, the processing speed needs to increase if the number of coded blocks within an interval increases.   The FFT engine would increase exponentially if the maximum FFT size doubles.   It is undesirable to increase the maximum FFT for wider system bandwidth.  In order to minimize the UE complexity in increasing the system, the FFT size should not be increased.   
Proposal 2:   New SCS and maximum system bandwidth should consider the implementation complexity at the UE and the gNB.

Conclusion
In this contribution, we analyze the specification impacts and implementation complexity of introducing new SCS to support larger system bandwidth and potential mitigation of phase noise for extending NR operation to 71 GHz.   We have the following proposal,

· Proposal 1:  The basic time unit Tc in NR should not be changed when new SCS is introduced for extending NR operation to 71 GHz    
· Proposal 2:   New SCS and maximum system bandwidth should consider the implementation complexity at the UE and the gNB.
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