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Discussion
1 Introduction
From the receiver design point of view, the time and frequency synchronization can be considered as two stages, coarse acquisition and refined tracking. The synchronization signal for initial access, for example PSS and SSS in LTE, can serve the purpose of coarse acquisition. 

The refined tracking in LTE is mainly based on CRS, for both idle mode and connected mode. Also the UE may wake up earlier in DRX state for performing synchronization and AGC adjustment by CRS before receiving the signal during the ON duration.

The SCell activation delay specified in 36.133 takes the valid CQI reporting through PCell as the complete process. The delay requirement has also taken into account the time period for the synchronization and AGC adjustment by using CRS.
The parameter estimation, such as delay spread estimation and the Doppler spread estimation, are very crucial when performing the channel estimation for the UE. The parameter estimation can be based on CRS even for the DMRS transmission mode in LTE.
In LTE Rel-11 CoMP, the QCL is specified. The CSI-RS and DMRS are being considered for time/frequency tracking between signals from different TPs. The TP of which the PDCCH is transmitted still relies on CRS for time/frequency tracking. Note that the applicable tracking range by CSI-RS and DMRS was extensively studied in RAN4 [1] [2] [3].
So when the major view for NR design is to remove CRS which is the wideband and always-on signal, the alternative solution should be provided to facilitate the UE receiver design. In this paper, we propose the time/frequency tracking reference signal pattern for further performance evaluation.
2 Proposal for time/frequency tracking reference signal (TFT-RS)
In our view, the TFT-RS can serve multiple purposes, including
· refined time and frequency tracking 
· AGC adjustment

· delay spread and Doppler spread estimation

The demodulation performance should also take into account the time/frequency tracking performance and the accuracy of the parameter estimation. As such, the location of TFT-RS, DMRS and CSI-RS should be jointly considered. We try to down-select 3 DMRS patterns for further evaluation, as shown in Fig. 1 to Fig. 3. The TFT-RS in the below three figures has the following properties,
· Reference signal spacing by 6 REs: Cover the range between +- NCP length for time tracking
· Staggered structure: By proper interpolation, the UE can observe the range between +- 2NCP length, which is needed when the ECP is applied
· 4 TFT-RS symbols in a 14-symbol slot: Cover the frequency tracking range between +- 2KHz for SCS=15KHz, and provide the proper Doppler spread estimation
· Configurable bandwidth and periodicity: The bandwidth will determine the resolution, and the periodicity may depend on the scenario
The resolution analysis is as follows. Take SCS=15KHz as example, the observable range for time tracking is +- 5.55us. If the bandwidth is 16 consecutive RBs, the resolution can be 5.55us *2/32 = 0.35us. The resolution can be further improved to become 0.17us when 32 number of RBs is configured.
The RAN4 4-path channel model for bi-directional deployment features the dynamic Doppler frequency and time delay change, as shown in Fig. 4 and Fig. 5. We suggest that the 4-path channel model can be considered for TFT-RS evaluation.
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                Fig. 1, DMRS pattern one with TFT-RS
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               Fig. 2, DMRS pattern two with TFT-RS
[image: image3.jpg]~

|=01234567890

1

% g
0

3 B B
8 HE B
7 ||
6 _
5 ||
4 ||
3 B N
2 HE N
1 ||
0 _

Control channel

. Reserved for CSI-RS

i & 4 3

NR DMRS port 0, 1, 4, 6

NR DMRS port 2, 3,5,7

0123456|789 ,

'3 %3
3

DMRS 2 sets: at symbol 2, 3, 11, 12
DMRS 3 sets: at symbol 2, 3, 8,9, 11, 12

. Common reference signal for time/freq tracking




               Fig. 3, DMRS pattern three with TFT-RS
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Fig. 4, LTE CRS based time/freq tracking under RAN4         Fig. 5, @ SNR= -3dB (R4-161951)

     HST channel @ SNR= 8dB (R4-161951)

3 Conclusion
Proposal 1: The proposed TFT-RS has the following structure,

· Reference signal spacing by 6 REs

· Staggered structure

· 4 TFT-RS symbols in a 14-symbol slot
· Configurable bandwidth and periodicity
Proposal 2: The 4-path HST channel model defined in RAN4 can be considered for time/frequency tracking evaluation, due to the dynamic Doppler frequency and time delay change 

Proposal 3: The further DMRS pattern evaluation should also consider realistic time/frequency tracking
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