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Introduction
In the last RAN1 meeting, we achieved the following agreement as: 
Agreement:
Following working assumption is confirmed:
· 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

In this contribution we provide our views on the TRS (Tracking Reference Signal) design parameters and discuss the remaining issues of reference signal for fine time and frequency tracking.
[bookmark: OLE_LINK10][bookmark: OLE_LINK11]Aperiodic TRS design
In previous RAN1 meeting, aperiodic TRS was proposed in [2] for some cases, such as periodic events (C-DRX, I-DRX) and aperiodic events (SCell activation, BWP switching, Multi-beam change).  However, current periodic TRS design can support those scenarios such that the aperiodic TRS is not needed.
Regarding the C-DRX and I-DRX, as the DRX on duration or paging duration are not aligned between all the served UEs, so it’s impossible for gNB to configure aperiodic TRS for all served UEs for too large overhead. And also, considering reasonable UE implementation, UE can only keep awake in several TRS symbols and then quickly go back to sleeping until C-DRX on. This kind of implementation has similar power consumption compared with introducing several aperiodic TRS symbols before CDRX on. Also for idle mode, UE could perform tracking with SSB using similar method.
Observation 1: the function of aperiodic TRS for CDRX and IDRX mode can be supported by current periodic TRS.

As we know, the TRS is used for fine time/frequency tracking (average delay and Doppler offset), and channel parameter estimation (delay spread and Doppler spread). It's not clear whether TRS is needed for some aperiodic events, such as Scell activation/BWP switching.
· Firstly, the activation and switching requirements are not clear, and the current RS such as aperiodic/periodic CSI-RS, SSB, and PDSCH DMRS can satisfy the initial tracking performance.
· Second, robustness data transmission (low MCS value) is expected at the start of Scell data reception, in which the fine time/frequency tracking is not necessary. 

Observation 2: the requirement for aperiodic TRS for Scell activation/BWP switching is not clear as well.

In summary, we have the following proposals:
Proposal 1: aperiodic TRS is not supported in Release 15.
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Power offset between TRS and PDCCH
In this section, we discuss the necessity to indicate power offset between TRS and PDCCH for AGC training of PDCCH and PDSCH reception. Note that, for NR, it is a real issue for UE AGC implementation since there is no CRS. We need some reliable RS to perform AGC otherwise the performance will be deteriorated. And this deteriorating cannot be recovered by the UE’s baseband receiver.
So far there is no conclusion to define the power offset between TRS and PDCCH. For a UE, there are many scenarios to use the TRS for PDCCH and PDSCH reception AGC training:
· SSB is the only always on cell-specific reference signal, while for some BWP or some carrier, there may not be SSB. In this case, TRS has to be used as the candidate RS for AGC training when UE receives the PDCCH and its scheduled PDSCH.  
· Although there are SSB, the periodicity of the configured SSB within the active downlink BWP can be very long e.g. 160ms, this kind of SSB may not be suitable for the AGC training.
· Third, the beam used by SSB may not be the same as TRS. The TRS is a UE specific reference signal while the SSB is cell-specific signal. The TRS transmission beam may match better with the serving PDCCH beam. 

Based on the above understanding, we have the following observation:
Observation 3: there are many scenarios where TRS is the only reference signal can be used for PDCCH reception AGC training. 

RAN1 has agreed some power offset parameters as given in the following table in RAN1#90bis: 
	RRC Parameter Name
	Description
	Value range / Sub-parameters

	Pc_PDSCH
	Power offset of NZP CSI-RS RE to PDSCH RE
	[-8:15]dB

	[Pc_PDCCH_DMRS]
	[Power offset of NZP CSI-RS RE to PDCCH DMRS RE]
	0dB

	Pc_SS
	Power offset of NZP CSI-RS RE to SS RE
Note: This parameter is optional
	[-3, 0, 3, 6]dB



During further discussion in RAN1 AH1801 meeting, we have the following agreements as:
Remove Pc-PDCCH from RRC parameter list for NZP-CSI-RS and add clarification on 0dB power offset between CSI-RS for beam failure detection and PDCCH DMRS.
From the current specification and the meeting discussion, we have the following understanding: 
· The Pc_PDCCH_DMRS is used for CSI-RS based hypothetical BLER calculation for BF and RLM. Of course, CSI-RS may not always be used for BFR or RLM as SSB can be used instead. Therefore, the CSI-RS for beam failure detection and RLM can be used for AGC training but is not always available.
· Pc_SS is used for SSB based hypothetical BLER calculation for BF and RLM or for the CSI-RS based pathloss measurement. There are BWP(s) or carrier(s) without SSB. In this case, TRS is the only candidate RS for AGC training for PDCCH and its scheduling PDSCH.
· The Pc_PDSCH is used for the NZP CSI-RS based channel measurement. We think it can be reused for TRS AGC training to PDSCH since TRS can be QCLed with PDSCH DMRS, regarding at least delay spread, average delay, Doppler shift and Doppler spread. But this Pc_PDSCH used for CQI calculation not defined for TRS. Hence, same RRC parameter (Pc_PDSCH) can be reused for TRS to handle this issue. The range and resolution of parameter Pc_PDSCH remains the same, i.e., [-8:15] dB.
Overall, SSB, CSI-RS for beam failure detection or RLM, and TRS can be used at the UE for AGC training and how UE does it is up to implementation. From the above discussion, we have the following proposal:
Proposal 2: reuse parameter Pc_PDSCH as power offset between TRS RE to PDSCH RE.

1 Conclusion
In this contribution we discuss the remaining issue of TRS design and provide our proposals. In summary we have the following proposals:
Observation 1: the function of aperiodic TRS for CDRX and IDRX mode can be supported by current periodic TRS.
Observation 2: the requirement for aperiodic TRS for Scell activation/BWP switching is not clear as well.
Observation 3: there are many scenarios where the TRS is the only reference signal used to do PDCCH reception AGC training. 
Proposal 1: aperiodic TRS is not supported.
Proposal 2: reuse parameter Pc_PDSCH as power offset between TRS RE to PDSCH RE.
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