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Introduction
During the last RAN4#103-e meeting, good progress was made on the topic of General requirements for FR2-2.
[bookmark: _Hlk88742629]In this contribution we will express our views on the open issues and open new discussions, if necessary.

Discussion

Channel Model
Channel model requirements definition
In RAN4#103-e the definition of the TDLA delay profile was still open. It is still pending the specific channel delay profile and the tap resolution to be used when RMS delay spread is reduced from 30 ns to 10 ns. The latest agreement includes those open points in [2]:
	Issue 1-3-1: How to consider the delay profile for TDLA channel model for FR2-2?
FFS the delay profile details.

Issue 1-3-2: How to consider the minimum tap resolution for TDL channel model?
Invite TE vendors to confirm the minimum tap resolution for TDL channel model they could deliver.
· Proposal 1: 2ns delay resolution
· Proposal 2: 2.5ns delay resolution
· Proposal 3: TBA



Considering the options above, none of the channel models being discussed are currently defined for RAN4 requirements. The existing requirements are defined with the assumption that delay profile tap resolution is determined based on the bandwidth of the faded signal [10] and include a minimum RMS delay spread of 30 ns, and use a delay resolution of 5 ns [7], which corresponds to a sampling frequency of 200 MHz. Considering the smaller delay spread that is being considered for FR2-2 requirements, the delay resolution of 5 ns is not enough for accurately modelling the channel. Furthermore, as FR2-2 includes CBW starting from 400 MHz for 480 and 960 kHz, the test setup will need to be operating at a higher sampling frequency. 
5 ns delay resolution is not enough for modelling channel delay spread of 5 ns and 10 ns. 
5 ns delay resolution is used for TDL-A 30 channel model considering 200 MHz CHW. 
FR2-2 demodulation requirements will imply in test setups using larger sampling frequency in comparison to FR2-1. 
RAN4 to specify TDL models for FR2-2 using smaller delay resolution.
Considering the RAN1 channel models and the current RAN4 method for reducing the number of taps from 38.141-2, we can get a simplification of the tap delay profile as shown in Table 1. 
[bookmark: _Ref110869186]Table 1 TDLA-10 tap calculation according to the RAN4 interpolation method in 38.141-2
	Tap number
	RAN1 model
38.901
	RAN4 model
5ns resolution
12 taps
	RAN4 model
2.5 ns resolution
14 taps
	RAN4 model
2.0 ns resolution
16 taps

	
	delay
	power
	delay
	power
	delay
	power
	delay
	power

	1
	0
	-13.4
	0
	-17.5
	0
	-17.4
	0
	-16.1

	2
	3.819
	0
	5
	0
	5
	0
	4
	0

	3
	4.025
	-2.2
	10
	-11.6
	7.5
	-9.5
	6
	-4

	4
	4.61
	-6
	15
	-20
	15
	-19.9
	8
	-10.2

	5
	5.375
	-8.2
	20
	-9.4
	20
	-10.6
	16
	-18.6

	6
	5.75
	-10.5
	25
	-13.6
	22.5
	-15
	18
	-9.3

	7
	5.868
	-4
	30
	-15.4
	25
	-13.4
	22
	-13.7

	8
	6.708
	-9.9
	40
	-16.8
	30
	-15.3
	24
	-17.9

	9
	7.618
	-7.5
	45
	-18.3
	40
	-16.7
	26
	-13.5

	10
	15.375
	-15.9
	50
	-18.7
	45
	-18.1
	30
	-14

	11
	18.978
	-6.6
	55
	-24
	47.5
	-22.9
	40
	-15.4

	12
	21.718
	-12.4
	95
	-29.5
	50
	-20.6
	44
	-18.9

	13
	22.242
	-16.7
	
	
	52.5
	-23.9
	46
	-21

	14
	24.942
	-15.2
	
	
	97.5
	-29.4
	48
	-21.6

	15
	25.119
	-10.8
	
	
	
	
	50
	-19.3

	16
	30.582
	-11.3
	
	
	
	
	96
	-25.9

	17
	40.81
	-12.7
	
	
	
	
	
	

	18
	44.579
	-16.2
	
	
	
	
	
	

	19
	45.695
	-18.3
	
	
	
	
	
	

	20
	47.966
	-18.9
	
	
	
	
	
	

	21
	50.066
	-16.6
	
	
	
	
	
	

	22
	53.043
	-19.9
	
	
	
	
	
	

	23
	96.586
	-29.7
	
	
	
	
	
	



Form the channel delay profiles in Table 1 it can be observed that with 5 ns tap resolution, most of the energy is concentrated in the initial taps with less than 20 ns. When the RAN4 channel delay profile for TDLA 30 is analysed in Table J.2.1.1-2 of 38.141-2, there are 4 taps between 0 and 30 ns, and 2 taps between 30 and 65 ns. If we do a similar analysis on the tap distribution in the first DS and second DS, we can get the tap distribution shown in Table 2. Considering that analysis, with the 5 ns resolution, most of the taps will be concentrated with delays larger than 2*DS, which will have relatively low energy. On the other hand, with 2 ns resolution, and using 16 taps, we get 4 taps between 0 and 10 ns, and 2 taps between 0 and 20 ns, which matches the tap distribution for the RAN4 model for TDLA30. 

[bookmark: _Ref110869538]Table 2 Analysis of the tap distribution TDLA-10 tap calculation
	
	RAN1 model
38.901
	RAN4 model
5ns resolution
12 taps
	RAN4 model
2.5 ns resolution
14 taps
	RAN4 model
2.0 ns resolution
16 taps

	Taps between 0 and 10 ns
	9
	2
	3
	4

	Taps between 10 and 20 ns
	2
	2
	2
	2

	Taps larger than 20 ns
	12
	8
	10
	10



With 5 ns delay resolution used for TDLA10, not enough taps are used for small delay. 
RAN4 to adopt 16 taps with 2 ns tap delay resolution for TDL models with 10 ns delay spread.
RAN4 to adopt the following channel delay profile for TDLA 10:
	Delay
	power

	0
	-16.1

	4
	0

	6
	-4

	8
	-10.2

	16
	-18.6

	18
	-9.3

	22
	-13.7

	24
	-17.9

	26
	-13.5

	30
	-14

	40
	-15.4

	44
	-18.9

	46
	-21

	48
	-21.6

	50
	-19.3

	96
	-25.9




Max Doppler Frequency
In RAN4#103e the Max Doppler Frequency was discussed. The options were reduced to the following [1]:
	Issue 1-2-3: Max Doppler Frequency
· TDL-D with 200Hz Max doppler
· TDL-A channel:
· Option 1: 200Hz
· Option 2: 650Hz
· Option 3: both 200Hz, and 650Hz




Using only 200Hz for requirement definition will result in no requirements done for faster than 3km/h. It is our understanding, that higher speeds are needed, which will be equivalent to short but fast movement of the UE.
In our understanding having requirements for also faster UE movement than 3km/h, requirements should be defined for also 10km/h.
RAN4 to define demodulation requirements using 650 Hz Doppler for QPSK and PRACH, PUCCH, PDCCH & PBCH. Doppler of 200kHz to be used for the remaining cases.

SCS/CBW Combinations
960 kHz SCS
In RAN4#103e it was heavily discussed if requirements should be defined for 960kHz SCS [1]:
	Issue 1-3-1: 960 kHz SCS
· Option 1: Define the requirements
· Option 2: Do not define the requirements




We continue to have concerns about seeing implementation of ICI algorithms in the near to mid-term future. The implementation complexity of CPE+ICI, continues to be a stumbling block for handheld devices. Adding to this the observations of RAN1 (TS 38.808), which show that 480kHz SCS loses a lot of performance, if no ICI is used in conjunction with CPE, while 960kHz SCS does not show such performance loss, we see 960kHz to be deployed more readily than 480kHz.
Additionally, the RAN1 results indicate that, to match the performance of 960kHz SCS with CPE only, 480kHz SCS is required to use both CPE and ICI. Our simulation results presented in this meeting partially support these earlier indications, but not in all cases. Concerning this it will be instructive to compare with other delivered simulation results.
Regarding testability issues raised during RAN4#103-e we appreciate the statements given and cross cooperation with the RF session. However, the ongoing discussion in the RF session is based on potential limitations of currently available legacy TEs, which are not developed for 71GHz. Ultimately, even if the legacy TEs currently are not capable of handling high SNR levels, we still see value in having performance requirements. New TEs will need to be developed for 71GHz testing and improvements are expected. There are no physical limitations that prevent the usage of higher power RF front ends, similar to the ones deployed in current gNBs, in newer TEs.
In addition, RAN1 has decided to include 960kHz SCS in the WI after extensive discussions showing the technical merit, hence RAN4 should now define requirements for 960kHz SCS.
We see it possible portable device will prefer to support 960kHz SCS instead of 480kHz SCS, to avoid the complexity of implementing ICI.
Even if it is currently debatable whether all scenarios of 960kHz are testable with legacy TE equipment, it is useful for RAN4 to have good requirement coverage for 960kHz SCS to anticipate the new TEs developed for FR2-2 and to inform operators about expected minimum performance in deployment.
There are no physical limitations that make the development of 71GHz TEs with usable SNR ranges at 960 kHz impossible.
RAN4 to define demodulation requirements for 960kHz SCS.

Whether to define requirements with 1600 MHz CBW for 480 kHz SCS
In RAN4#103e it was discussed if requirements should be defined for 1600MHz CBW for 480kHz SCS [1]:
	Issue 1-3-2: Whether to define requirements with 1600 MHz CBW for 480 kHz SCS
· Option 1: Yes
· Option 2: No



[bookmark: _Hlk106280836]In our view 1600 MHz requirement is important for 480 kHz SCS, since with this CBW ICI compensation gives a significant gain according to the results in 38.808, which means that the performance under 1600 MHz CBW and 480 kHz SCS cannot be assured by the performance requirements for 400 MHz. Additionally, this is the widest bandwidth supported for 480 kHz, and the test coverage would be incomplete if we would not cover wider bandwidths. In general, it will be beneficial to define requirements for higher CBW to give RAN5 the opportunity and incentive to improve the test setup.
During RAN4 #103-e discussion we indicated that we could compromise to not define requirements for 1600MHz, but requirements for 800MHz should then be defined.
It will be beneficial to define requirements for higher CBW to give RAN5 the opportunity and incentive to improve the test setup.
RAN4 to define demodulation requirements with 1600 MHz CBW for 480kHz SCS.

CBW for 960 kHz SCS
In RAN4#103e it was discussed if requirements should be defined for 2000MHz CBW for 960kHz SCS [1]:
	Issue 1-3-3: CBW for 960 kHz SCS (if agreed to define requirements in Issue 1-3-1)
· Option 1: 400MHz only
· Option 2: Both 400MHz and 2000MHz



In our view 2000 MHz requirement is important for 960 kHz SCS, since with this CBW without ICI compensation gives a similar gain as 480kHz/1600MHz with ICI compensation according to the results in 38.808.  In general, it will be beneficial to define requirements for higher CBW to give RAN5 the opportunity and incentive to improve the test setup.
It will be beneficial to define requirements for higher CBW to give RAN5 the opportunity and incentive to improve the test setup.
RAN4 to define demodulation requirements with 400MHz and 2000MHz CBW for 960kHz SCS.

Whether to update number of PRBs for 960kHz/2000MHz to 156
In RAN4#103e it was discussed if the number of PRBs for 960kHz/2000MHz [1]:
	Issue 1-3-4: Whether to update number of PRBs for 960kHz/2000MHz to 156 (if agreed to define requirements in Issue 1-3-1, 1-3-3)
· If requirements for 960kHz SCS are agreed to be defined, update number of PRBs after RF session makes the final decision on number of PRBs.




The number of PRBs is already decided on the RF session as [8][9]: 
	[bookmark: _Hlk92202516]Table 5.3.2-1: Maximum transmission bandwidth configuration NRB
	SCS (kHz)
	50 MHz
	100 MHz
	200 MHz
	400 MHz
	800 MHz
	1600 MHz
	2000 MHz

	
	NRB
	NRB
	NRB
	NRB
	NRB
	NRB
	NRB

	60
	66
	132
	264
	N/A
	N/A
	N/A
	N/A

	120
	32
	66
	132
	264
	N/A
	N/A
	N/A

	4801
	N/A
	N/A
	N/A
	66
	124
	248
	N/A

	9601
	N/A
	N/A
	N/A
	33
	62
	124
	148

	Note 1: This SCS is optional in this release of the specification.







RF session has agreed maximum number of PRBs of 148 for the combination 960kHz SCS and 2000 MHz CBW. 
For UE Demodulation requirements update number of PRBs of 960kHz/2000 MHz to follow RF agreements, i.e., 148 PRBs.

UE Demodulation specification structure
In RAN4#103e the specification structure for including FR2-2 was discussed, however no agreement were reached:
	Issue 1-5-1: Specification Structure
· Option 1: PDSCH: 7.2.2.2.4, PDCCH/PBCH: Update in existing subclauses, SDR:? 
· Option 2: PDSCH: 7.2.2.2.4, PDCCH: 7.3.2.2.4, PBCH: 7.4.2.3, SDR: 7.5A.2
· Option 4: Do not introduce new subsections. Update legacy table headings to include FR1-1. Add new table with table heading FR2-2. Change applicability section (“Applicability of requirements for operating bands”) to only required testing of table with FR2-2 in FR2-2 bands.




The current structure is defined as below [5]:
	[image: ]



As seen above, there is one main section for PDSCH TDD (7.2.2.2), one main section for PDCCH TDD (7.3.2.2) and one main section for PBCH TDD (7.4.2.2) which already contains sub-sections for specific requirements. Adding a dedicated requirement section for FR2-2 as suggested in option 1 and option 2 will break the structure of the specification. We suggest keeping the FR2-2 inside the already defined sections and not add new ones specifically for FR2-2, which then might have to be sub-sectioned with same headlines as already existing on the previous section level. Existing tables, headline, etc. can be extended to indicate they refer to FR2-1 in case they are dedicated to FR2-1. Same will apply to new FR2-2 related tables, headlines, etc., which should indicate they refer to FR2-2.
Additionally, in the RAN4#102-e meeting we agreed to try to keep the same clauses as FR2-1 if possible, and in our understanding the proposed structure will honor that agreement:
	Issue 1-5-1: Implementation of FR2-2 requirements into specification
Capture FR2-2 demodulation requirement into same section as FR2-1 but with different tables if possible.



Furthermore, our draft CR for PDCCH provided for this meeting [11] is written based on option 4.
We see it to be possible to in-cooperate FR2-2 in the existing structure with minor additions to existing headlines.
Agreeing to option 1 or option 2 will introduce new sub sections where potentially the existing subsections 7.2.2.2.1 and 7.2.2.2.2 and 7.2.2.2.3 would have to be introduced. Overall, we see this as breaking the current structure and would introduce new sub-sections.
Do not introduce new subsections in the specification. Update legacy table headings to include FR1-1. Add new table with table heading FR2-2. Change applicability section (“Applicability of requirements for operating bands”) to only required testing of table with FR2-2 in FR2-2 bands.

Conclusion
In this contribution we have provided our views on various open issues with relation to the remaining general issues for requirements for the extension to 71GHz.
 
We have made the following observations and proposals:

Channel model requirements definition
1. 5 ns delay resolution is not enough for modelling channel delay spread of 5 ns and 10 ns. 
1. 5 ns delay resolution is used for TDL-A 30 channel model considering 200 MHz CHW. 
1. FR2-2 demodulation requirements will imply in test setups using larger sampling frequency in comparison to FR2-1. 
1. RAN4 to specify TDL models for FR2-2 using smaller delay resolution.
With 5 ns delay resolution used for TDLA10, not enough taps are used for small delay. 
RAN4 to adopt 16 taps with 2 ns tap delay resolution for TDL models with 10 ns delay spread.
RAN4 to adopt the following channel delay profile for TDLA 10:

Max Doppler Frequency
In our understanding having requirements for also faster UE movement than 3km/h, requirements should be defined for also 10km/h.
RAN4 to define demodulation requirements using 650 Hz Doppler for QPSK and PRACH, PUCCH, PDCCH & PBCH. Doppler of 200kHz to be used for the remaining cases.

SCS/CBW Combinations
We see it possible portable device will prefer to support 960kHz SCS instead of 480kHz SCS, to avoid the complexity of implementing ICI.
Even if it is currently debatable whether all scenarios of 960kHz are testable with legacy TE equipment, it is useful for RAN4 to have good requirement coverage for 960kHz SCS to anticipate the new TEs developed for FR2-2 and to inform operators about expected minimum performance in deployment.
There are no physical limitations that make the development of 71GHz TEs with usable SNR ranges at 960 kHz impossible.
RAN4 to define demodulation requirements for 960kHz SCS.

Whether to define requirements with 1600 MHz CBW for 480 kHz SCS
It will be beneficial to define requirements for higher CBW to give RAN5 the opportunity and incentive to improve the test setup.
RAN4 to define demodulation requirements with 1600 MHz CBW for 480kHz SCS.

CBW for 960 kHz SCS
It will be beneficial to define requirements for higher CBW to give RAN5 the opportunity and incentive to improve the test setup.
RAN4 to define demodulation requirements with 400MHz and 2000MHz CBW for 960kHz SCS.

Whether to update number of PRBs for 960kHz/2000MHz to 156
RF session has agreed maximum number of PRBs of 148 for the combination 960kHz SCS and 2000 MHz CBW. 
For UE Demodulation requirements update number of PRBs of 960kHz/2000 MHz to follow RF agreements, i.e., 148 PRBs.

UE demod specification Structure
We see it to be possible to in-cooperate FR2-2 in the existing structure with minor additions to existing headlines.
Agreeing to option 1 or option 2 will introduce new sub sections where potentially the existing subsections 7.2.2.2.1 and 7.2.2.2.2 and 7.2.2.2.3 would have to be introduced. Overall, we see this as breaking the current structure and would introduce new sub-sections.
Do not introduce new subsections in the specification. Update legacy table headings to include FR1-1. Add new table with table heading FR2-2. Change applicability section (“Applicability of requirements for operating bands”) to only required testing of table with FR2-2 in FR2-2 bands.
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