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Introduction
In RAN1 #91 meeting [1], the agreements regarding TRS for time and frequency were:
Agreement:
· TRS is configured as a CSI-RS resource set. The common values among the NZP CSI-RS resources in the CSI-RS resource set configured for TRS is up to RAN2 for reducing signalling overhead
· Description of TRS parameters in the specification should comply with the agreements made on TRS so far
· Include an RRC parameter in the CSI-RS resource set to indicate that it can be used for time/frequency tracking
Note: It is up to 38.211, 38.214 spec editors to capture this in the specifications
Agreement:
· Measurement restriction is not supported for TRS
Agreement:
· For above-6GHz, the TRS periodicity = 10ms, 20ms, 40ms and 80ms are supported
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
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
In this contribution we provide our views on the tracking signal design parameters and discuss the remaining issues of reference signal for fine time and frequency tracking.
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TRS for idle mode and connected DRX mode
In previous RAN1 meeting, aperiodic TRS was proposed in [2] for some cases, such as connected mode DRX and idle mode. We think current periodic TRS design can already serve those scenarios and aperiodic TRS is not needed, because
· For connected mode DRX, UE indeed has to wake up in CDRX off when periodic TRS is not aligned. While considering reasonable UE implementation, UE can only keep awake in several TRS symbols and then quickly fall back to sleeping until CDRX on, this kind of implementation has similar power consumption compared with introduce several aperiodic TRS symbol before CDRX on. Also for idle mode, UE could perform tracking with SSB with similar strategy. 
· Even with aperiodic TRS, as the DRX on mode is not aligned between UEs, the overhead of aperiodic TRS would be very heavy for gNB to configure aperiodic TRS for each UE. 
· As UE could wake up early before CDRX on to track with TRS, So, UE could assume the periodic TRS is transmitted during CDRX off state 
So, we propose 
Proposal 1: Aperiodic TRS is not supported, and UE could assume the periodic TRS is transmitted during CDRX off state.

[bookmark: _Ref129681832][bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]QCL assumption between wide and narrow beams
In high frequency wireless communication, narrow beam providing high beamforming gain is usually employed at both transmitter and receiver sides. There could be many narrow beam directions. It will be a great resource overhead if TRS is sent in each beam direction. To reduce overhead, TRS is sent only in several wider beam directions. Then the question is: Can we have the QCL assumption in terms of average delay, frequency offset, delay spread and Doppler spread between wide and narrow beams? 
With wider beam, more paths could be observed and the average delay changes. But if the change is small compared to CP length, its impact on demodulation performance can be ignored. Frequency offset may be observed between narrow and wider beams if they point to different direction. The magnitude of frequency offset depends on the angle offset of the pointing directions and UE moving speed which could be significant in high mobility case. Frequency offset results in degradation of channel estimation and demodulation performance at high SNR. The degradation could be potentially mitigated through other RS, e.g. PTRS. The path delay spread and Doppler spread difference between narrow and wide beam could affect the channel estimation performance. QCL assumption between DMRS and TRS will be different depending on the conclusion of QCL assumption between narrow and wide beams. In case the same QCL assumption could be made between narrow and wide beams, Figure 1 shows the QCL assumption among the NR reference signals with wide TRS beam.
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[bookmark: OLE_LINK90]Figure 2 QCL assumptions with wide TRS beam

The DMRS for broadcast channel referring to the DMRS used for the demodulation of SIB, RRC signaling, paging and etc. before the TRS is configured. Figure 2 shows the QCL assumption among the NR reference signals with narrow TRS beam. Since data transmission may employ multiple narrow beams, multiple narrow TRS beams may be required for tracking. To support both of the scenarios, the configuration of TRS and its QCL association should be flexible.
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Figure 3 QCL assumptions with narrow TRS beam
Proposal 2: Consider flexible TRS configuration and QCL association to support both wide and narrow TRS beam options, depending on gNB implementation.

Others
In the last meeting, both X=1 and X=2 with 2 TRS symbol in a slot are supported for above-6GHz, and keep FFS on the applied scenarios of X=1 and X=2. It was a common understanding in RAN1 that X=1 can’t serve doppler estimation because of only 2 RS symbol within a TRS burst, but still could provide delay shift, delay spread, doppler shift estimation. So, from gNB point of view, only if the doppler estimation is not needed, the X=1 could be used, for example, a mobile phone would need doppler estimation but a static CPE doesn’t need.

1 Conclusion
In this contribution we discuss the remaining issue of TRS design and provide our proposals. In summary we have the following proposals:
Proposal 1: Aperiodic TRS is not supported, and UE could assume the periodic TRS is transmitted during CDRX off state.
Proposal 2: Consider flexible TRS configuration and QCL association to support both wide and narrow TRS beam options, depending on gNB implementation.
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