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Introduction
This paper presents Nokia’s view on RRM aspects related to the operation between 52.6 GHz and 71 GHz. This paper discusses the impact of operation above 52.6 GHz on timing aspects. Among the discussion points are timing aspects including TA, UE transmit timing, and UE timer accuracy for operation above 52.6 GHz, and the impact on RRM core requirements.  
Discussion
UE transmit timing error
During the last RAN4 meeting, one important point that was discussed was the approach for determining the UE transmit timing error requirements. As part of this discussion, the following agreement was reached in order to guide the study for further proposals during this meeting:
	Issue 2-1-1: General principles in defining the Te requirements
GTW agreements:
· Further study percentage of UL CP length Te can occupy without impacting UL system performance?
· Option 1: Keep the Te within the same percentage of the CP length as existing SCS
· Option 2: 30%
· Option 3: 50%
· Further study achievable Te from UE perspective
· Study different combinations of SSB SCS and UL signal SCS for FR2-2 




From the base station perspective, the UL transmit timing is of major importance, since it may have a direct impact on the demodulation performance of UL signals. If the UL receive timing at the BS does not match the expected receive timing, the BS will not be able to have a correct placement of the FFT window, resulting in inter-symbol interference. 
Figure 1 shows a diagram showing how the error builds up in time from a gNB perspective. During initial access PRACH is transmitted without timing advance correction, so the timing of PRACH is the UE timing offset, which is two times the propagation delay between UE and gNB, and a transmit error specified by Te. After the timing advance command (TAC), the UL timing error will be a composition of the quantization error TAC,Q, and the TAC adjustment accuracy TAC,e, as specified in 7.3.2.2 of 38.133 [5]. The TAC quantization resolution can be calculated as (38.213 [6])

where  indicates the used numerology and  is the basic timing unit defined in TS 38.211 [6]. 



[bookmark: _Ref82619615]Figure 1 UL receiving timing error during and shortly after initial access

After application of the TAC, the UE should monitor if its timing offset in relation to the downlink frame is changing, and apply autonomous gradual timing adjustments. After this point the maximum composed UL receive timing error is 

There are several challenges when TCOMP is large. The most obvious one is that if TCOMP is large in comparison to the CP length, the gNB cannot adjust the timing of the UE with enough accuracy to guarantee that there is no inter-symbol interference. In order to certify that FFT placement can be done such that it doesn’t happen, there must be enough time margin TMAR, which can be computed as

where  is the channel delay spread. 
Figure 2 shows a time diagram displaying how an OFDM FFT window can be placed considering the ideal UL receive timing, and the maximum composed error when  > 0. In this situation, the gNB is able to place the FFT window without inter-symbol interference even if the UE UL transmit timing uncertainty reaches the maximum expected value , and  provides some extra margin for uncertainty on gNB timing estimation of the UE, UE movement, and others. 


[bookmark: _Ref82678933][bookmark: _Ref82678929]Figure 2 Example of FFT window placement when the composed timing error allows for a safety margin. 
Figure 3 shows one example of FFT window placement when  < 0. In that situation, there is no possible solution for the FFT placement for UL demodulation that prevents inter symbol interference. In this particular example, the FFT window is placed such that there is inter-symbol interference both when the UE is ahead or behind the ideal UL transmit timing.  


[bookmark: _Ref82678935]Figure 3 Example of FFT window placement when the composed timing error has a negative safety margin.
[bookmark: _Toc85798702]The composed UL transmit timing error including TAC command quantization TAC,Q, TAC adjustment accuracy TAC,e, and Te including the channel delay spread TCH influence whether inter-symbol interference can be avoided using TA command. 
[bookmark: _Toc85798703]The UL TX timing accuracy has to be designed in accordance to the CP length TCP such that TMAR = TCP - TCH  - 2 ( Te + TAC,Q /2 + TAC,e ) > 0. 
[bookmark: _Toc85798704]RAN4 to choose Te such that the condition TCP - TCH  - 2 ( Te + TAC,Q /2 + TAC,e ) > 0 holds. 
In Session 5.2 we present PUSCH simulation results that show the impact of UL timing error on UL demodulation performance. This result shows that the inaccurate UL timing may have a direct impact on the overall system performance, since the timing offsets larger than 25% of the CP length can cause a degradation of several dBs in demodulation performance. 
[bookmark: _Toc85798705]UL timing errors larger than 25% of the CP length can cause UL demodulation performance degradation of 14 dB for 960 kHz SCS. 
One possible source of UL timing error is the accuracy in which a UE can estimate DL timing. In fact, the Te requirements are defined based on the SSB subcarrier spacing, since it has an impact on how the UE can estimate the DL timing. The UE may estimate timing from the PSS and SSS signals of the SSB as well as from TRS signals. For this reason we have presented link level simulations with the accuracy of the timing estimation based on TRS on Session 5.1. 
For the TRS simulation results, we observed that the timing estimation accuracy was relatively close for the different SCSs, while the accuracy had large variation depending on the channel model. In any case, the accuracy for TRS configured with SCS of 120 kHz, 480 kHz, and 960 kHz have an accuracy of about 12.7 ns for TDLA-20 and 6.7 ns for TDLA-10. 
[bookmark: _Toc85798706]DL timing estimation based on TRS can achieve accuracy of 6.7 for TDLA-10 and 12.7 ns for TDLA-20 with SCSs 120 kHz, 480 kHz, and 960 kHz. 
In Table 1 we present an analysis of the timing requirements considering the analysis above for the existing SCSs and proposed Te values for 480 kHz and 960 kHz. In this analysis the timing margin is estimated based on assumed delay spread shown in the table with values normalized by the CP length for each numerology. The worst-case scenario among existing numerologies is the case of 120 kHz SCS where a margin TMAR=43.2% is allowed. From this analysis and considering the PUSCH simulations we believe that Te should not exceed 20% of the CP to avoid degradation on UL demodulation performance. This is also in line with existing Te requirements, since none of the existing requirements exceed 20% of the CP length. 

[bookmark: _Ref85651378]Table 1 Analysis of the composed UL receive timing error for different sub-carrier spacings with the existing RAN4 requirements and proposed ones for 480 kHz and 960 kHz SCS
	SCS (kHz)
	15
	15
	15
	30
	30
	30
	120
	120
	480
	960

	SSB SCS (kHz)
	15
	30
	60
	15
	30
	60
	60
	120
	120, 480, 960
	120, 480, 960

	CP length (ns)
	4688
	4688
	4688
	2344
	2344
	2344
	586
	586
	146
	73

	TAC,e (ns)
	130
	130
	130
	130
	130
	130
	16.3
	16.3
	4.07
	2.03

	TAC,e (%)
	2.8
	2.8
	2.8
	5.6
	5.6
	5.6
	2.8
	2.8
	2.8
	2.8

	TAC,Q (ns)
	521
	521
	521
	260
	260
	260
	65.1
	65.1
	16.28
	8.14

	TAC,Q (%)
	11.1
	11.1
	11.1
	11.1
	11.1
	11.1
	11.1
	11.1
	11.1
	11.1

	Te/(64*Tc)
	12
	10
	10
	8
	8
	7
	3.5
	3.5
	0.9
	0.45

	Te
	390.6
	325.5
	325.5
	260.4
	260.4
	227.9
	113.9
	113.9
	29.3
	14.6

	Te (%)
	8.3
	6.9
	6.9
	11.1
	11.1
	9.7
	19.4
	19.4
	20.0
	20.0

	TCH
	300
	300
	300
	300
	300
	300
	40
	40
	40
	30

	TMAR (ns)
	3085.4
	3215.6
	3215.6
	1262.5
	1262.5
	1327.6
	253.0
	253.0
	31.6
	5.8

	TMAR  %
	65.8
	68.6
	68.6
	53.9
	53.9
	56.6
	43.2
	43.2
	21.6
	7.9




[bookmark: _Toc85798707]TR 38.808 considers channel models with delay spread up to 50 ns. 
[bookmark: _Toc85798708]Error floor is reported in TR 38.808 for 960 kHz SCS with delay spread above 40 ns and high MCS (64 QAM). 
[bookmark: _Toc85798709]When defining the margin for the Te calculation, consider a maximum channel delay spread of 40 ns for 480 kHz SCS, and 30 ns for 960 kHz SCS. 
[bookmark: _Toc85798710]Define Te values that do not exceed 20% of the CP length for UL transmission using 480 kHz and 960 kHz SCS. 
[bookmark: _Toc85798711]Define Te = 0.9*64*Tc for 480 kHz SCS, and Te=0.45*64*Tc for 960 kHz SCS. 
Part of the UL timing accuracy depends on the DL timing estimation, which can be done based on both SSB and TRS timing estimation. The existing Te requirements depend on the SSB SCS, since the larger SCS provides better timing accuracy. However, FR2-2 introduces a scenario where the SSB SCS may be much smaller than the UL SCS, with 120 kHz SCS used for SSB and 960 kHz used for data and UL transmission. In that scenario, the achievable timing accuracy will be lower in comparison to the one achieved when 960 kHz SCS is used for SSB, which would indicate that TRS may be used for improved accuracy. Our simulations show that it is accurate even when 120 kHz SCS is configured for TRS. 
The existing RRM core timing requirements do not include TRS, only SSB, as part of the specification. This is partially because Te requirements are generic and cover also initial access from RRC_Idle with PRACH. However, the existing RRM performance requirements in RRC_Connected mode do include TRS configuration for FR2 requirements in A.5.4.1.1 and A.7.4.1.1 of 38.133. Additionally, initial access with PRACH transmission is only allowed with 120 kHz and 480 kHz SCS from RAN1 agreements. Therefore, if it is identified that DL timing estimation accuracy based on a 120 kHz SCS SSB is not enough for 480/960 kHz SCS UL transmission, we propose to configure TRS as part of the RRM core requirements for 480 and 960 kHz SCS. 
[bookmark: _Toc85798712]Existing FR2-1 core requirements have no mention of TRS, but performance requirements in RRC_Connected include TRS in their configuration. 
[bookmark: _Toc85798713]TRS can be used for improving timing estimation of the UE even when SSB uses a small SCS in comparison to the SCS used for UL transmission. 
[bookmark: _Toc85798714]If it is identified that 120 kHz SCS is not enough for Te using 480/960 kHz SCS, UE UL transmit requirements for 480 and 960 kHz for non-initial access may be developed considering that TRS is configured. 

MRTD requirements
MRTD was discussed during the last RAN4 meeting #100-e, where the following agreements were reached:
	Issue 2-4-1: MTTD/MRTD
Agreements:
· Consider FR2-1 requirements for 120kHz SCS for FR2-2 as baseline. 
· RAN4 to further discuss whether new MRTD/MTTD requirements are needed for SCS of 480/960 kHz based on the agreed deployment scenarios
· Identify other parameters that needs to be considered for the discussion
· Consider using the current FR2-1 MRTD requirements and rules for FR2-2




This agreement implies that the MRTD requirements would be using TAE + propagation delay for synchronous cases, and half of the TTI for the asynchronous cases. A summary on the existing MRTD requirements and interpolation for FR2-2 is shown in Table 2. The highlighted values of this table have the FR2-2 interpolated values, where few points can be observed. Firstly, by keeping the existing rules, MRTD requirements for synchronous case in NR-DC would be 8 us if TAE is kept as 3 us, and 5 us is used for 1500 m propagation. That would mean that the MRTD requirement in that case would be larger than half of the TTI and larger than the requirement used for the asynchronous cases. 
[bookmark: _Toc85798715]Reusing existing MRTD derivation rules with TAE=3 us and propagation delay for 1500 m results in requirements larger than half of the slot length for 960 kHz SCS. 
TAE requirements are still under discussion for FR2-2. 
[bookmark: _Toc85798716]Wait for the definition of TAE requirements in the BS RF discussion before concluding on the MRTD requirements for FR2-2. 
[bookmark: _Toc85798717]If needed, revise the cell size based on the propagation delay of 1500 m used in FR2-1 when calculating MRTD requirements for FR2-2 with 960 kHz SCS, e.g. use 1000 m that results in 3.33 us propagation delay. 

[bookmark: _Ref85201904]Table 2 Summary of existing MRTD requirements in 38.133 and interpolation of MRTD for FR2-2 considering existing rules
	 
	 
	 
	 
	 
	MRTD (us)

	Intra/inter band
	Scenario
	FR
	Sync/assync
	TAE (us)
	15
	30
	60
	120
	480
	960

	Inter-band
	EN-DC
	-
	synchronous
	 
	33

	 
	 
	-
	assynchronous
	 
	500
	250
	125
	62.5
	15.625
	7.8125

	 
	NE-DC
	-
	synchronous
	 
	33

	 
	 
	-
	assynchronous
	 
	500
	250
	125
	62.5
	15.625
	7.8125

	 
	NR-DC
	FR1 - FR1
	synchronous
	 
	33

	 
	 
	FR2-1 - FR2-1
	synchronous
	3
	8

	 
	 
	FR1 - FR2-1
	synchronous
	
	33

	 
	 
	FR2-2 - FR2-2
	synchronous
	3 Note 1
	8 for TAE=3 and propagation delay 5 us (1500 m)
6.3 for TAE=3 and propagation delay 3.3 us (1000 m)

	 
	 
	 
	assynchronous
	 
	500
	250
	125
	62.5
	15.625
	7.8125

	 
	CA
	FR1
	
	3
	33

	 
	 
	FR2-1 - FR2-1
	
	3
	8

	 
	 
	FR1 - FR2-1
	
	 
	25

	 
	 
	FR2-2 - FR2-2
	 
	 3 Note 1
	8 for TAE=3 and propagation delay 5 us (1500 m)
6.3 for TAE=3 and propagation delay 3.3 us (1000 m)

	 
	 
	FR1 - FR2-2
	 
	 
	25

	Intra-band
	EN-DC
	
	synchronous
	 
	3

	 
	 
	 
	assynchronous
	 
	500
	250
	125
	62.5
	NA
	NA

	 
	non-contiguous CA
	FR1
	 
	3
	3

	 
	 
	FR2-1
	
	0.26
	0.26

	 
	 
	FR2-2
	 
	0.26
Note 1
	0.26

	NOTE 1: 	TAE is still under discussion for FR2-2.
NOTE 2: 	FR2-2 values are interpolated considering the existing rules for the definition of MRTD requirements.


	
[bookmark: _Toc64909510]Conclusion
This paper has presented Nokia’s views on RRM requirements for the extension to 71 GHz. From this discussion we have derived the following observations and proposals: 

Observation 1: The composed UL transmit timing error including TAC command quantization TAC,Q, TAC adjustment accuracy TAC,e, and Te including the channel delay spread TCH influence whether inter-symbol interference can be avoided using TA command.
Observation 2: The UL TX timing accuracy has to be designed in accordance to the CP length TCP such that TMAR = TCP - TCH  - 2 ( Te + TAC,Q /2 + TAC,e ) > 0.
Proposal 1: RAN4 to choose Te such that the condition TCP - TCH  - 2 ( Te + TAC,Q /2 + TAC,e ) > 0 holds.
Observation 3: UL timing errors larger than 25% of the CP length can cause UL demodulation performance degradation of 14 dB for 960 kHz SCS.
Observation 4: DL timing estimation based on TRS can achieve accuracy of 6.7 for TDLA-10 and 12.7 ns for TDLA-20 with SCSs 120 kHz, 480 kHz, and 960 kHz.
Observation 5: TR 38.808 considers channel models with delay spread up to 50 ns.
Observation 6: Error floor is reported in TR 38.808 for 960 kHz SCS with delay spread above 40 ns and high MCS (64 QAM).
Proposal 2: When defining the margin for the Te calculation, consider a maximum channel delay spread of 40 ns for 480 kHz SCS, and 30 ns for 960 kHz SCS.
Proposal 3: Define Te values that do not exceed 20% of the CP length for UL transmission using 480 kHz and 960 kHz SCS.
Proposal 4: Define Te = 0.9*64*Tc for 480 kHz SCS, and Te=0.45*64*Tc for 960 kHz SCS.
Observation 7: Existing FR2-1 core requirements have no mention of TRS, but performance requirements in RRC_Connected include TRS in their configuration.
Observation 8: TRS can be used for improving timing estimation of the UE even when SSB uses a small SCS in comparison to the SCS used for UL transmission.
Proposal 5: If it is identified that 120 kHz SCS is not enough for Te using 480/960 kHz SCS, UE UL transmit requirements for 480 and 960 kHz for non-initial access may be developed considering that TRS is configured.
Observation 9: Reusing existing MRTD derivation rules with TAE=3 us and propagation delay for 1500 m results in requirements larger than half of the slot length for 960 kHz SCS.
Proposal 6: Wait for the definition of TAE requirements in the BS RF discussion before concluding on the MRTD requirements for FR2-2.
Proposal 7: If needed, revise the cell size based on the propagation delay of 1500 m used in FR2-1 when calculating MRTD requirements for FR2-2 with 960 kHz SCS, e.g. use 1000 m that results in 3.33 us propagation delay.
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Appendix: Link level results
[bookmark: _Ref85524557]TRS timing detection accuracy
	Parameter
	Value

	Carrier frequency
	60 GHz

	SSB SCS
	120, 480, 960 kHz

	Bandwidth
	400 MHz: 264/64/32 PRB for 120/480/960 kHz 

	Channel model
	TDL-A 10
TDL-A 20

	Mobility
	3 km/h

	TRS periodicity
	10 slots

	Metric
	TO error @ 95th percentile




 [image: ]
Figure 4 Cummulative distribution function of the estimated timing error based on TRS signals
Table 3 95th percentile of the timing estimation error based on TRS
	TRS SCS
	Propagation condition
	TO error (ns)

	120
	TDLA-10
	6.35

	120
	TDLA-20
	12.72

	480
	TDLA-10
	6.67

	480
	TDLA-20
	11.95

	960
	TDLA-10
	6.70

	960
	TDLA-20
	11.83



Note: IFFT is performed to the raw channel estimates and the time offset estimation is based on the correlation peak of the channel impulse response. 
[bookmark: _Ref85523949]PUSCH performance degradation with Te
	Parameter
	Value

	Carrier frequency
	60 GHz

	Subcarrier spacing
	480 kHz, 960 kHz

	Antenna configuration
	2x2 (FD-OCC single layer)

	DMRS configuration
	2 DMRS symbols at (2,11) symbol index
Note: no data multiplexing is assumed in DMRS symbols

	MCS
	MCS16

	BW
	400 MHz: 64/32 PRB for 480/960 kHz 

	Number of OFDM symbols
	14

	Channel estimation
	Practical

	Channel
	TDL-A 10ns

	Time offset
	TO:0, 10, 15, 20, 25,50, 75, 100% of CP

	Mobility
	3 km/h

	Test metric
	SNR @ 10% BLER




[image: ] [image: ]
	a)
	b)


Figure 5 Time offset impact in the BLER performance of the data channel (PUSCH) with a) 480 kHz SCS and b) 960 kHz SCS
Table 4 SNR requirements at 10% BLER for 480 kHz SCS
	TO
	SNR (dB) @ 10% BLER

	0 us
	11.81

	10% CP
	12.30

	15% CP
	12.82

	20% CP
	13.67

	25% CP
	16.33

	50% CP
	10% BLER not achievable


Table 5 SNR requirements at 10% BLER for 960 kHz SCS
	TO
	SNR (dB) @ 10% BLER

	0 us
	12.44

	10% CP
	13.49

	15% CP
	14.99

	20% CP
	17.66

	25% CP
	27.0

	50% CP
	10% BLER not achievable
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