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Introduction
In 3GPP TSG RAN WG1 Meeting 90bis, Prague, CZ, 9th – 13th, October 2017 it was agreed that
Agreement
Following TRS BWs are supported in NR
min(BWP, ~50RBs)
FFS: BWP
UE is not expected to receive TRS outside the BWP
TRS RB position is configured by gNB

Agreement:
TRS can be configured on a carrier or on an active BWP when SS block is not present

Agreement
· For N=2+2, X=2, TRS symbols have the same symbol positions in the two consecutive slots
· DMRS and TRS are at least TDMed from UE perspective
· One of the following symbol positions per slot can be configured by RRC, 
· Option 1: symbol 4 and 8 (symbol index starts from 0)
· Option 2: symbol 5 and 9
· Option 3: symbol 6 and 10
· Note 1: Potential down selection can be done until next meeting. It is not limited to select only one option
· Note 2: RRC signaling to configure TRS as above can be related to the existing RRC signaling for DMRS, CSI-RS, etc.
· Note 3: It is not precluded to have additional options

Agreement:
· TRS can be configured as one-port CSI-RS resource(s) with the agreed parameters on St, Sf, N, B, X and Y
· FFS on one or multiple resources
· Note: TRS is also supported in above-6GHz
· FFS on the parameters X, N, St
· FFS: TRS periodicity
· For below 6GHz, TRS periodicity 10ms, 20ms, 40ms and 80ms are supported
· For RAN4 information, 10ms is introduced for high speed train scenario
· Note: It is up to the editor to capture the periodicity in units of slots
· TRS BW can be equal to BW of BWP
· UE is not expected to be simultaneously configured with TRS BW equal to BWP and TRS periodicity of 10ms if the BWP is larger than 50 RBs 
· FFS on CSI-RS measurement restriction functionality can be configured between TRS bursts
· Sf=4
· FFS: Additional Sf values 
· for below 6GHz
· FFS on X=1



In this paper evaluations for frequency synchronization using one slot and two slots TRS burst formats are presented.
[bookmark: _Ref178064866]Discussion
In this section, modem performance is evaluated in terms of frequency synchronization performance for two different TRS burst configurations; the comparison was done using the one slot (X=1) and the agred two slot (X=2) TRS burst format. Furthermore, the TRS bandwidth and the TRS subcarrier spacing was varied according to B = {24, 50} RBs, and TRS subcarrier spacing = {1, 2, 4}.
The sub-carrier spacing was 15 kHz. The channel model was TDL-A with 300 ns delay spread and traditional Doppler (Jake’s) and AWGN, with Doppler spread equal to 6 Hz. One TX and two RX antennas are used in these evaluations to model the deployment.  In all evaluations only one TRS burst was used to obtain synchronization, no averaging between TRS bursts was used.
The TRSs’ are placed in symbol position symbol indexes (4,8) and DMRSs’ in symbol index (2,9).
Evaluations of frequency synchronization performance for a two slot TRS burst formats (X=2) 
As a reference we start with the agreed two-slot TRS burst format with X=2, N=2, and St = 4. 
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Figure 1 RMS frequency synchronization error [% of SCS] for the two slot TRS burst format with X=2, N=2, and St = 4, also varying Sf = 1, 2, 4.  The TRS bandwidth (B) was equal to PRBs.  
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Figure 2 RMS frequency synchronization error [% of SCS] for the two slot TRS burst format with X=2, N=2, and St = 4, also varying Sf = 1, 2, 4.  The TRS bandwidth (B) was equal to 50 PRBs.  


[bookmark: _Toc498610516][bookmark: _Toc498617332][bookmark: _Toc498618167][bookmark: _Toc498700865][bookmark: _Toc498703282][bookmark: _Toc498703310][bookmark: _Toc498703661][bookmark: _Toc498725002]There is a frequency synchronization performance gain of about 2 dB when halfen the TRS sub-carrier spacing (Sf) at SNR.

[bookmark: _Toc498610517][bookmark: _Toc498617333][bookmark: _Toc498618168][bookmark: _Toc498700866][bookmark: _Toc498703283][bookmark: _Toc498703311][bookmark: _Toc498703662][bookmark: _Toc498725003]As expected, there is ~3 dB frequency synchronization performance gain when doubling the TRS bandwith at low SNR.

Evaluations of of frequency synchronization performance for a oneslot TRS burst format (X=1) 
In this sction we compare modem performance, in terms of throughput 
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Figure 3 RMS frequency synchronization error [% of SCS]  for the tone slot TRS burst format with X=1, N=2, and St = 4, also varying Sf = 1,2, 4.  The TRS bandwidth (B) was equal to 20 PRBs.  
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Figure 4 RMS frequency synchronization error [% of SCS] for the tone slot TRS burst format with X=1, N=2, and St = 4, also varying Sf = 1,2, 4.  The TRS bandwidth (B) was equal to 50 PRBs.  
Comparing Figure 2, and Figure 4, one can observe that there is a 6dB loss when going from a two to a one slot TRS burst with TRS bandwith B = 50 RBs. Comparing Figure 1 and Figure 3 we can observe that there is a 5dB loss when going from a two to a one slot TRS burst with TRS bandwith B = 20 RBs.

[bookmark: _Toc498618169][bookmark: _Toc498700867][bookmark: _Toc498703284][bookmark: _Toc498703312][bookmark: _Toc498703663][bookmark: _Toc498725004]There is a frequency synchronization performance loss of about 6dB when going from a two to a one slot TRS burst with TRS bandwith B = 50 RBs. Comparing Figure 1 and Figure 3 we can observe that there is a 5dB loss in going from a two to a one slot TRS burst with TRS bandwith B = 50 RBs

Frequency synch performance at low SNR is not very sensitive to dispersion nor Doppler spread (within reasonable limits). Therefor we can use the evaluation resuls for other SCS and carrier frequencies. 
 
	TRS format
	Freq synch 
accuray @ -6 dB 
[% of SCS]
	Minimum carrier frequency to fulfil 0.1 ppm [GHz] 

	
	
	

	X
	N
	St
	Sf
	B
	
	SCS=15kHz
	SCS=30kHz
	SCS=60kHz
	SCS=120kHz

	1
	2
	4
	1
	50
	0,15
	0,225
	0,45
	0,9
	1,8

	1
	2
	4
	2
	50
	0,23
	0,345
	0,69
	1,38
	2,76

	1
	2
	4
	4
	50
	0,34
	0,51
	1,02
	2,04
	4,08

	1
	2
	4
	1
	20
	0,2
	0,3
	0,6
	1,2
	2,4

	1
	2
	4
	2
	20
	0,48
	0,72
	1,44
	2,88
	5,76

	1
	2
	4
	4
	20
	0,7
	1,05
	2,1
	4,2
	8,4

	2
	2
	4
	1
	50
	0,48
	0,72
	1,44
	2,88
	5,76

	2
	2
	4
	2
	50
	0,7
	1,05
	2,1
	4,2
	8,4

	2
	2
	4
	4
	50
	1
	1,5
	3
	6
	12

	2
	2
	4
	1
	20
	0,95
	1,425
	2,85
	5,7
	11,4

	2
	2
	4
	2
	20
	1,4
	2,1
	4,2
	8,4
	16,8

	2
	2
	4
	4
	20
	2
	3
	6
	12
	24



Table 1 Minimum carrier frequency to fulfil 0.1 ppm [GHz] give frequency synchronization accuracy for the different TRS burst formats
We can see from Table 1, the requirement on frequyency synchronization defined as a limit (0.1 ppm) on the  frequency error dived by the carrier frequency, limits the usage of the different TRS burst formats in the lower regions of the spectrum depending on the synchronization performance and the SRC. Thus, as a consequence of the requirement, to operate in the complete frequency from cmW to mmW we would need to support different more TRS formats. Actully, as discussed in [2] it would be better to define the synchronization requirement in relation to the SCS. This would enable good performance in the all bands and all scenarios that NR is designed for. This would also enabe good performance with the so far agreed TRS burst formats.
[bookmark: _Toc498618170][bookmark: _Toc498700868][bookmark: _Toc498703285][bookmark: _Toc498703313][bookmark: _Toc498703664][bookmark: _Toc498725005]The requirement on frequency synchronization defined as a limit (0.1 ppm) on the  frequency error dived by the carrier frequency is not suitable for NR due to the wide frequency range where NR is expected to be used and the possibility to use different SCS.  
[bookmark: _Toc498618271]Consider to bring to RAN4 a request to change the requirement on UE frequency synchronization to instead have a limit on the UE frequency error relative the SCS.
Conclusion
In section 2 we made the following observations:

Observation 1	There is a frequency synchronization performance gain of about 2 dB when halfen the TRS sub-carrier spacing (Sf) at SNR.
Observation 2	As expected, there is ~3 dB frequency synchronization performance gain when doubling the TRS bandwith at low SNR.
Observation 3	There is a frequency synchronization performance loss of about 6dB when going from a two to a one slot TRS burst with TRS bandwith B = 50 RBs. Comparing Figure 1 and Figure 3 we can observe that there is a 5dB loss in going from a two to a one slot TRS burst with TRS bandwith B = 50 RBs
Observation 4	The requirement on frequency synchronization defined as a limit (0.1 ppm) on the  frequency error dived by the carrier frequency is not suitable for NR due to the wide frequency range where NR is expected to be used and the possibility to use different SCS.

 Based on the discussion in section 2 we have the following key proposals:
Consider to bring to RAN4 a request to change the requirement on UE frequency synchronization to state a limit on the UE frequency error relative the SCS.
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