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Introduction
In RAN1 #91, the following agreements were made:
Agreement:
· The following TRS symbol positions are supported
· Symbol 4 and 8
· Symbol 5 and 9
· Symbol 6 and 10
· Note 1: The symbol index starts from 0
· Note 2: TRS in each slot of a TRS burst has the same symbol position

Working Assumption
· For above-6GHz, the following configurations are supported
· Same configuration as below-6GHz: X=2 and N=2+2
· For X=1, use the same OFDM symbols as X=2 case within a slot
· FFS on the applied scenario of X=1 and X=2


[bookmark: _GoBack]In this contribution, performance evaluations are provided for the agreed one-slot and the two-slot TRS burst formats. The performance is compared with the RAN4 requirement on the UE TX error [1-2] (The UE modulated carrier frequency shall be accurate to within ±0.1 PPM observed over a period of [TBD] compared to the carrier frequency received from the NR Node B) and it is observed that the requirement will not be met below 1 GHz with agreed two-slot TRS burst format and TRS bandwidth of 20 PRBs for users at low SNR (=-6dB). With a TRS bandwidth of 50 PRBs the 0.1ppm is met down to 600MHz.
However, it is also observed that this is not an UL performance issue as the UL frequency synchronization will be able to handle this with the agreed UL DMRS patterns. Finally, it is concluded that the RAN4 requirement on the UE frequency error need to be handled carefully for the UE to pass coming UE conformance tests.
[bookmark: _Ref178064866]Discussion
UE frequency synchronization performance
In this section, TRS based UE frequency synchronization performance is evaluated; evaluation results are presented for both the one-slot (X=1) and the two-slot (X=2) using TRS bandwidth B = {20, 50, 100} PRBs.
The evaluations were performed using carrier frequency equal to 2 GHz and sub-carrier spacing equal to 15 kHz. The channel model was TDL-A with 300 ns delay spread and traditional Doppler (Jake’s) with Doppler spread equal to 6 Hz, and AWGN with one TX and two RX antennas. In these evaluations only one TRS burst was used to obtain synchronization, no averaging between TRS bursts was used.
The TRS are placed in symbol position symbol indexes (4,8) and DMRS in symbol index (2,9).   
The resulting frequency synchronization performance measured as the rms error normalized with the sub-carrier spacing (SCS) can be found in Figure 1 and Figure 2.
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 Figure 1 Typical TRS based frequency synchronization performance for slow moving UE for the agreed one-slot TRS format (X=1).  
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Figure 2 Typical TRS based frequency synchronization performance for slow moving UE for the agreed two-slot TRS format (X=2).  


Table 1 The performance at SNR=-6dB for the one slot (X=1) and the two-slot (X=2) and TRS bandwidth B = {20, 50,100} PRBs.
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The RAN4 requirement on the UE TX error [1-2] is expressed in relation to the carrier frequency; the error should be less than 0.1ppm of the carrier frequency.  Comparison of the UE TX frequency accuracy requirement of 0.1ppm and the expected frequency synchronization performance at -6dB SNR can be found in Figure 3 and Figure 4, for the one-slot and the two- slot TRS burst format, respectively, assuming a TRS burst bandwidth of 20 PRBs.
[image: C:\Users\ecshaer\Documents\Repositories\ER-RAT_git\2016\Work\MATLAB\PPM_v=30_kmph.jpg]
Figure 3 Comparison of the UE TX frequency accuracy requirement of 0.1ppm and the expected frequency synchronization performance at -6dB SNR for the two-slot TRS burst with 50 PRBs bandwidth.
 . [image: C:\Users\ecshaer\Documents\Repositories\ER-RAT_git\2016\Work\MATLAB\PPM_v=30_kmph.jpg]
Figure 4 Comparison of the UE TX frequency accuracy requirement of 0.1ppm and the expected frequency synchronization performance at -6dB SNR for the two-slot TRS burst with 20 PRBs bandwidth. 


[image: C:\Users\ecshaer\Documents\Repositories\ER-RAT_git\2016\Work\MATLAB\PPM_v=30_kmph.jpg]
Figure 5 Comparison of the UE TX frequency accuracy requirement of 0.1ppm frequency synchronization performance at -6dB SNR for the one-slot TRS burst with 20 PRBs bandwidth. 
From these plots it can be observed that the synchronization performance does not scale well with carrier frequency and that the UE TX frequency accuracy requirement of 0.1ppm of the carrier frequency will not be met at low frequency bands with agreed TRS burst patterns for users at SNR =-6dB.
[bookmark: _Toc503536175]The UE TX frequency accuracy requirement of 0.1ppm of the carrier frequency will not be met below 1 GHz with agreed two-slot TRS burst patterns and TRS bandwidth of 20 PRBs for users at low SNR (=-6dB). 
[bookmark: _Toc503536176]The UE TX frequency accuracy requirement of 0.1ppm of the carrier frequency will not be met below 600 MHz with agreed two-slot TRS burst patterns and TRS bandwidth of 50 PRBs for users at low SNR (=-6dB). 


The impact of UE frequency error
The impact on adjacent channel suppression and inter-carrier-interference (ICI) in the gNB due to UE frequency error should be very small with reasonable UE sync errors in the range of a few percent in relation to the SCS.  If the frequency offset in the gNB radio receiver is small enough then the gNB receiver can synchronize and demodulate the signal with expected performance. However, if the frequency offset is larger than the gNB receiver frequency synchronization mechanism can handle then UL performance could suffer catastrophically. 

Thus, the total frequency error that the gNB radio receiver can handle is critical when settling a requirement on UE TX frequency accuracy; the maximum frequency error must be below the gNB receiver frequency lock-in range, otherwise the synchronization is likely to fail with loss of packets and/or even loss of connection in the worst case. 

Let’s consider a simple worst-case scenario; assume that the UE is connected to a radio transmission point (TRP), and the UE is moving with speed v on a straight line towards the gNB antenna in a typical line-of-sight scenario. The maximum frequency error that can be experienced by the gNB receiver, assuming that the UE is frequency synchronized with a frequency error equal to  Hz, is then

                                              (1)

where  is the UE speed (m/s),  is the speed of light (m/s),  is the Doppler shift (Hz) (any frequency error in the gNB can be ignored as long the same oscillator is used for TX and RX when communicating with the UE), and d is the minimum distance, in time, between two reference symbols (DMRSs) that can be used for frequency synchronization in the UL.

Ignoring the differences in CP length among symbols in a slot, the distance d can be approximated as  , where n is the distance in symbols. Thus, we have 

                            (2)

 
The minimum distance between DMRS symbols in the UL using the one-symbol front-loaded DMRS format with at least one additional DMRS we have n = 3,5 or 10. Using the performance for one-slot (X=1) and TRS burst BW equal to 20 PRBs (  as listed in Table 1) and Equation 2, one can plot the maximum sustainable UE TX frequency error for each SCS and n versus carrier frequency, see Figure 5-8. For comparison reason, the UE TX synchronization performance corresponding to an rms error  and the RAN4 requirement of 0.1ppm of the carrier frequency are also plotted in these figures. 

Note that phase noise and frequency drift of the oscillator is not considered in this analysis. At high carrier frequencies the synchronization error is small compared to the of 0.1 ppm RAN4 UE TX frequency error requirement, and therefore we do not here claim that the total UE TX frequency error can be much better than the RAN4 UE TX frequency error requirement of 0.1 ppm.  

[image: C:\Users\ecshaer\Documents\Repositories\ER-RAT_git\2016\Work\MATLAB\ppm_fc_n=10v=30_kmph.jpg]
Figure 6 Maximum sustainable UE TX frequency error for each SCS and n versus carrier frequency for n = 10 and vehicular speed = 30 km/h.


[image: C:\Users\ecshaer\Documents\Repositories\ER-RAT_git\2016\Work\MATLAB\ppm_fc_n=5v=30_kmph.jpg]

Figure 7 Maximum sustainable UE TX frequency error for each SCS and n versus carrier frequency for n = 5 and vehicular speed = 30 km/h.
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Figure 8 Maximum sustainable UE TX frequency error for each SCS and n versus carrier frequency for n = 3 and vehicular speed = 300 km/h.
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Figure 9 Maximum sustainable UE TX frequency error for each SCS and n versus carrier frequency for n = 5 and vehicular speed = 300 km/h.
To start with, let us consider only sub-carrier spacing equal to 15 kHz in the Figure 6-9. As long as the UE TX frequency error is below the red solid line, the UL synchronization will do well and the UL will not suffer in performance. We can also observe that there is an upper bound on the carrier frequency that depends on the UE vehicular speed and the minimum DMRS distance n. 
We can also see that the corresponding UE synchronization algorithm performance (red dashed line) performs good enough not to jeopardize UL synchronization performance. In the performance evaluations shown above, it is only for 300 km/h and n= 5 that a dashed line crosses a corresponding solid line above the 0.1ppm requirements. In this case the UE frequency synchronization performance limits highest carrier frequency that can be used, in all other cases it is the 0.1ppm requirement that set the limit. 
We conclude that the gNB receiver synchronization will work well enough with the one-slot TRS burst format ( ) at low frequency bands even though the 0.1ppm RAN4 requirement is not fulfilled. Using the two-slot TRS burst format, and/or increasing the TRS burst bandwidth, will further improve UE synchronization performance. 

[bookmark: _Toc503536177]Although the UE frequency synchronization performance does not fulfil the 0.1ppm requirements at low frequency bands the gNB receiver can performance frequency synchronization using the UL DMRS formats with one-symbol front-loaded DMRS with at least one additional DMRS.  
[bookmark: _Toc503536178]The RAN4 requirement on the UE frequency error need to be handled carefully for the UE to pass coming UE conformance tests.
Conclusions
In this contribution, we made the following observations:
Observation 1	The UE TX frequency accuracy requirement of 0.1ppm of the carrier frequency will not be met below 1 GHz with agreed two-slot TRS burst patterns and TRS bandwidth of 20 PRBs for users at low SNR (=-6dB).
Observation 2	The UE TX frequency accuracy requirement of 0.1ppm of the carrier frequency will not be met below 600 MHz with agreed two-slot TRS burst patterns and TRS bandwidth of 50 PRBs for users at low SNR (=-6dB).
Observation 3	Although the UE frequency synchronization performance does not fulfil the 0.1ppm requirements at low frequency bands the gNB receiver can performance frequency synchronization using the UL DMRS formats with one-symbol front-loaded DMRS with at least one additional DMRS.
Observation 4	The RAN4 requirement on the UE frequency error need to be handled carefully for the UE to pass coming UE conformance tests.
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