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1. Introduction
In RAN1 NR AH #2 meeting, some agreements on the candidate value of parameters of TRS have been achieved as follows. [1] [2]
· X (the length of TRS burst in terms of number of 14-symbol slots)
· {1} or {2} or {1, 2}
· Note: 2 may be needed at least for cold start
· Y (the TRS burst periodicity in ms)
· Consider further at least these values: 5, 10, 20, 40, 80 ms
· Consider less than 5ms for e.g. HST scenario, etc.
· N (Number of OFDM symbols per TRS within a slot)
· 1
· 2
· 4
· B (TRS bandwidth in terms of number of RBs)
· 50 RBs assuming SCS=15KHz
· FFS for WB operation with multiple BWPs
·  Sf (TRS subcarrier spacing)
· 4
· 2
· 6
· Note: not all the combinations of values for N, B and Sf are supported. Down selection in next meeting
· St (TRS symbol spacing within a slot)
· Non-uniformly spaced
· Uniformly spaced
· FFS on the values

In this contribution, we provide some discussion on the remaining issues of TRS for both single-beam and multi-beam system.
2. Discussion
To track the time offset, it is better that the bandwidth and density of TRS could be large enough. It has been agreed that B should be 50 RBs for 15 kHz, hence the remaining issue should be the density of TRS. The candidate Sf is {2, 4, 6} which means the density can be {2, 3, 6} REs/RB/symbol. Then to get better time offset tracking performance, Sf=6 should be better.
To track the frequency and Doppler offset, at least 4 repetitions should be recommended. The repetitions can be determined by number of symbols and the subcarrier spacing. Therefore the value of N and Sf should meet the condition that . Hence one possible way is to use a single symbol IFDMA based structure, thus N=1 and Sf=4. Then to estimate the timing offset, the UE could use N-point FFT to receive the CSI-RS in one symbol. To estimate the frequency offset, the UE could use N/4-point FFT to receive the CSI-RS in 1/4 symbol. Figure 1 illustrates one example for the time/frequency offset tracking, where the RPF is 4. 


Figure 1: one example for the time/frequency offset tracking based on IFDMA based CSI-RS
Proposal 1: The IFDMA based structure should be supported for TRS, where the number of symbols in a slot can be 1 and the subcarrier spacing can be 4.
For multi-beam operation, since the time/frequency offset can be different in different gNB-UE beam pairs. It can be better to use some beam sweeping signals for the UE to measure the time/frequency offset for multiple beam pairs. Therefore the TRS should support the beam sweeping operation. Since the CSI-RS can be used for beam management, which means the UE could select the beams from multiple CSI-RS resources. To estimate the time/frequency offset of each beam, the TRS can be QCLed with some resources of CSI-RS for beam management. Thus for a UE, it can only be configured with the TRS resources which are QCLed with current BPLs. Moreover, another possible way is to reuse the CSI-RS for beam management as the TRS.
Proposal 2: To support multi-beam operation, the TRS should support beam sweeping operation and the TRS can be QCLed with some resources of CSI-RS for beam management or the CSI-RS for beam management can be reused for fine time/frequency offset tracking.
[bookmark: _GoBack]Further, since the TRS is used for fine time/frequency offset tracking, for idle mode UE, it can use the SS-block for some initial time/frequency offset tracking. Then to communicate with the gNB for some messages before the UE get connected, such as Msg2, the UE can rely on the initial time/frequency offset tracking. Therefore it is not necessary to configure the TRS for idle mode UE. Some parameters, such as the periodicity of TRS, can be UE specifically configured after the UE get connected.
Proposal 3: For idle mode UE, it is not necessary to configure the TRS.
3. Conclusion
In this contribution, we provide some discussion on the reference signal for fine time/frequency tracking, and the following observations and proposals have been achieved.
Proposal 1: The IFDMA based structure should be supported for TRS, where the number of symbols in a slot can be 1 and the subcarrier spacing can be 4.
Proposal 2: To support multi-beam operation, the TRS should support beam sweeping operation and the TRS can be QCLed with some resources of CSI-RS for beam management or the CSI-RS for beam management can be reused for fine time/frequency offset tracking.
Proposal 3: For idle mode UE, it is not necessary to configure the TRS.
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