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1 Introduction
In this document the open issues are listed based on the agreement/WA in RAN1 #90 meeting. This document will further be used for the offline discussion on TRS.
2 List of remaining issues
The 6 TRS parameters are listed below

· X: the length of TRS burst in terms of number of 14-symbol slots

· Y: the TRS burst periodicity in ms

· Sf: TRS subcarrier spacing

· St: TRS symbol spacing within a slot

· N: Number of OFDM symbols per TRS within a slot
· B: TRS bandwidth in terms of number of RBs      

The remaining issues are listed below.
2.1 Burst length X

· Whether the working assumption of X=2 can be confirmed
· Whether X= 1 and 4 should also be supported
The views are
· Confirm working assumption of X=2 (MTK, Ericsson, Nokia, HW, Samsung, ZTE)

· X= 4 is not considered because PDSCH DMRS resolution has been bounded (MTK)
· X= 1 is supported
· for the above-6GHz (MTK)

· at least for SCS=15KHz (Intel, Nokia, Samsung, ZTE, vivo)
Offline agreement:
2.2 TRS symbol number N

· The TRS symbol number in each slot for X=2 (2+2, 3+1 or support both)
The views are
· Support N=3+1
· The time span should be shorter to increase the resolvable range (MTK)

· TRS at symbol 5, 8, 13 in first slot and at symbol 13 in second slot (Ericsson)

· Support N=2+2
· The TRS symbol location can be different in two consecutive slots (MTK)

· At same symbol location in two consecutive slots (Ericsson, QC, Nokia, HW, vivo)

Offline agreement:
2.3 TRS bandwidth B

· Whether the TRS up to the bandwidth of BWP should be supported

The views are
· The TRS up to the BW of BWP is not considered due to RS overhead concern (MTK, Ericsson, HW)

· The TRS up to the BW of BWP is considered (QC)
Offline agreement:
2.4 TRS symbol positions and St
The views are
· St= 2 (Nokia)
· St= 3 (Samsung, vivo)

· St= 3/4/5/6 depending on other RS location design (HW)

· St >=4 to provide better frequency offset estimation accuracy than PBCM DMRS (MTK)

· TRS symbol position N= 3+1 for high speed(MTK)
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· TRS symbol position N = 2+2 for high speed (MTK)
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· TRS symbol position N= 2+2 for normal deployment (MTK)
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· TRS symbol position N = 3+1 (Ericsson)
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· TRS symbol position N = 2+2 (Ericsson, Samsung)

[image: image5]
Offline agreement:
2.5 TRS periodicity Y

· What is the default value of Y?

· Whether the value of Y should be smaller in HST scenario

The views are
· 20, 40 and 80ms (Ericsson)
	TRS burst periodicity

	15kHz SCS at 2 GHz
	40ms

	30kHz SCS at 2 GHz
	80ms

	15kHz SCS at 5 GHz
	20ms

	30kHz SCS at 5 GHz
	40ms


· 80ms (Nokia, vivo)

· 2.5ms, 5ms, 10ms, 20ms, 40ms, 80ms (HW)
· TRS on each slot for HST is not needed (MTK)
Offline agreement:
2.5 Details on multiple TRS configuration
The views are
· Frequency shifted frequency combs should be considered (Ericsson, Samsung)

· Support multiple single port CSI-RS resource set configuration where resources can be separately spatially QCLed with different SS-block indices (Nokia)
Offline agreement:
2.6 Whether TRS is needed in idle mode
The views are
· Use SS block for initial time/freq tracking is sufficient. Then TRS is not needed in idle mode (Intel, LGE, vivo, HW, QC)
· At least one default configuration for idle mode UEs (Samsung)
Offline agreement:
2.7 Whether TRS needs to be configured on a BWP/carrier without SS block

The views are
· TRS needs to be configured (MTK, Ericsson, Nokia, Sony)
Offline agreement:
2.8 The relationship between SS burst, TRS and DRX ON duration especially with longer DRX cycle

The views are
· Both periodic and aperiodic TRS configuration can be considered for longer DRX cycles (MTK, HW)
· The slots with TRS can be immediately after SS burst before the starting point of DRX ON duration. The DRX ON timing is aligned with SS burst within a number of slots (vivo, MTK)
· Consider aperiodic TRS in the beginning of CDRX (QC)
Offline agreement:
2.9 Whether TRS is a realization of a CSI-RS
The views are
· Share RS resources for BM CSI-RS and TRS (ZTE)

Offline agreement:
2.10 Others
· Zero power TRS should be supported to avoid data transmission on TRS REs in case of multi-layer transmission (Ericsson)
· Investigate PDCCH performance in presence of large delay and frequency errors (Ericsson)

· Multiplex TRS and SS block in the same slot for SCS > 15KHz and X=2 (Intel)
Offline agreement:
3 Previous agreement/working assumption
Working assumptions:
· At least X=2 is supported
· FFS on X= 1 and 4
· Check whether X=1 can provide sufficient Doppler spread estimation performance
· Total symbol number summed over X=2 slots is 4 (Consider further 2+2 and 3+1, support one or both (FFS)). 
· Consider further the positions, taking into account DMRS

Agreements: 
· Consider further supporting the bandwidth of TRS to be configured up to the bandwidth of the BWP in addition to ~24, ~50 RBs, and make decision in next meeting

· Sf=4 

· Y>=160ms is not supported. Consider further down-selection on other values agreed in RAN1AdHoc2 

Agreements:
· A UE can be configured multiple TRS at least if the UE supports multi-TRP/multi-panel deployment

· Details FFS

· TRS can be QCLed with PDSCH DMRS, regarding at least delay spread, average delay, Doppler shift and Doppler spread. 

· Configuration / signalling details FFS

· Note: The QCL assumption may be implicit via QCL assumption with other RS

· FFS for other QCL parameters

· TRS sequence is based on PN generator

· Study whether TRS is needed in idle mode

· For example, paging, RMSI, RAR demodulation performance by considering without TRS for Doppler spread estimation

· Study whether TRS needs to be configured on a BWP/carrier without SS block

· Study the relationship between SS burst, TRS, and DRX ON duration especially with longer DRX cycle

· The slots with TRS can be immediately after SS burst before the starting point of DRX ON duration. The DRX ON timing is aligned with SS burst within a number of slots

· There is timing offset between TRS and SS burst. The DRX ON timing is aligned with SS burst, or with TRS within a number of slots 

· Configure aperiodic TRS before the starting point of DRX ON duration, so that DRX ON timing is independent of SS burst appearance 

· Other solutions are not precluded

Agreements:
· For a connected mode UE, UE is expected to receive UE-specific RRC configuration of TRS at least for sub-6 GHz

· Before receiving the RRC configuration of TRS, FFS
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5 Appendix

	
	SCS=15KHz
	SCS=30KHz
	SCS=60KHz

	St=2
	+-3.5KHz
	+-7.0KHz
	+-14KHz

	St=3
	+-2.3KHz
	+-4.6KHz
	+-9.2KHz

	St=4
	+-1.75KHz
	+-3.5KHz
	+-7KHz

	St=5
	+-1.4KHz
	+-2.8KHz
	+-5.6KHz


Tracking range for different St
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