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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 user throughput different TRS burst configurations. The comparison was done using the one slot (X=1)  and the two slot (X=2). Furthermore, the TRS bandwidth and the TRS subcarrier spacing was varied according to B = {24, 50} RBs, and TRS subcarrier spacing = {1, 2, 4}.
Frequency and time synchronization for FFT window placement was performed using TRS only and channel estimation was done using DMRS only. Link adaptation was used to adjust coding rate and modulation {QPSK, 16QAM, 64QAM, and 256QAM} and 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 TRS are placed in symbol position symbol indexes (4,8) and DMRS in symbol index (2,9). The TRS burst persiodicity was 20ms.
Evaluations of modem performance for the 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 Troughput 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 20 PRBs. The upper dashed line is the shannon bound taking into account the CP overhead and the DMRS overhad. 
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Figure 2 Troughput for the two slot TRS burst format with X=2, N=2, St = 4, also varying Sf = 1,2, and 4.  The TRS bandwidth (B) was equal to 50 PRBs. The upper dashed line is the shannon bound taking into account the CP overhead and the DMRS overhad. 
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Evaluations of modem performance a one slot TRS burst formats (X=1) 
In this sction we compare modem performance, in terms of throughput. 
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Figure 3 Troughput for the tone slot TRS burst format with X=1, N=2, St = 4, also varying Sf = 1,2, 4.  The TRS bandwidth (B) was equal to 20 PRBs. The upper dashed line is the shannon bound taking into account the CP overhead and the DMRS overhad. 
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Figure 4 Troughput for the tone slot TRS burst format with X=1, N=2, St = 4, also varying Sf = 1,2,4.  The TRS bandwidth (B) was equal to to 50 PRBs. The upper dashed line is the shannon bound taking into account the CP overhead and the DMRS overhad.
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Consider using TRS inter-carrier sub.spacing  = 1 for the one-slot TRS burst format.

Conclusion
In section 2 we made the following observations:

Observation 1	For two slot TRS format (X=2) and bandwidth B=50 RBs there is no gain in terms of throughput with supporting .
Observation 2	For two slot TRS format (X=2) and bandwidth B=20 RBs there is very limited gain in terms of throughput with supporting .
Observation 3	For one slot TRS format (X=1) and bandwidth B=20 RBs the throughput degrades sudstanitally with increasing TRS subcarrier spacing . The difference is larger than 0.5 dB. Thus, with one slot TRS format there are substantial benefits to use  < 4.
Observation 4	The throughput performance using the two slot TRS burst format with Sf=4 is very similar to the performance using the one slot TRS burst format with Sf=1 for TRS bandwith B = 50 RBs. For TRS bandwidth B = 20 RBs the performance is slightly better for a two slot TRS.
Observation 5	The one slot TRS burst format with  = 1, performs very similar to the two slot TRS ( = 4) in terms of throughput.
Observation 6	The one slot TRS burst format with  = 1, has twice the overhead as the two slot TRS ( = 4)

Based on the discussion in section 2 we have the following key proposals:

Consider using TRS inter-carrier sub.spacing  = 1 for the one-slot TRS burst format.
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