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Discussion
1 Introduction
In this document the open issues are listed based on the agreement/WA in RAN1 ad-hoc#3 and #90 meeting. This document will further be used for the offline discussion on TRS.
2 Issues
The remaining issues are listed and the companies’ views are collected in below,

2.1 TRS periodicity Y
	· 20ms and 40ms for SCS=15KHz (MTK)

· 20ms, 40ms and 80ms (E///)

· 2.5ms, 5ms, 10ms, 20ms, 40ms, 80ms (Huawei)

· 5ms, 10ms, 20ms, 40ms, 80ms (QC)

· 5ms, 10ms, 20ms and 40ms, and UE can suggest the periodicity (Intel)

· 80ms (vivo)

· 20ms is sufficient under HST scenario (Spreadtrum)

· 10ms for SCS=30KHz under HST scenario (MTK)
Possible agreement: Y=10ms, 20ms, 40ms, 80ms


Side info:
	freq drift rate=

0.16ppm/sec
	5ms
	10ms
	20ms
	40ms
	80ms

	5.0GHz
	4Hz
	8Hz
	16Hz
	32Hz
	64Hz

	4.0GHz
	3.2Hz
	6.4Hz
	12.8Hz
	25.6Hz
	51.2Hz

	3.5GHz
	2.8Hz
	5.6Hz
	11.2Hz
	22.4Hz
	44.8Hz

	2.7GHz
	2.2Hz
	4.4Hz
	8.8Hz
	17.6Hz
	35.2Hz

	2.0GHz
	1.6Hz
	3.2Hz
	6.4Hz
	12.8Hz
	25.6Hz


2.2 TRS time domain pattern (related to N and St )
2.2.1 Value of St
	· St = 3 or 4 or 5 or 6 depending on other RS (Huawei)

· St = 3 (Ericsson, Samsung, Nokia)

· St = 4. Consider St=3 if St=4 is not achievable (MTK)

· St = 4 in first slot and St > 4 in second slot, for a X=2 TRS burst (MTK)
· St = 4 (QC)

· St = 3 at least for SCS=15KHz and HST scenario (Spreadtrum)
Possible agreement: Prioritize using St=4 (for significantly improved frequency offset estimation accuracy and for sufficient resolvable range)
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	SCS=15KHz
	SCS=30KHz
	SCS=60KHz

	St= 2
	+-3.5KHz
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[St1 St2 St3] = [4 7 7]

2.2.2 TRS symbol position for N=2+2 in X=2
	· Based on DMRS time domain pattern (QC)

· TRS at symbol 4 and 8 for DMRS 1+1, and 1+1+1 patterns
· TRS at symbol 6 and 10 for DMRS 1+1+1+1, and 2+2 with additional in symbol 8 and 9
· TRS at symbol 5 and 9 for DMRS 2+2 with additional in symbol 10 and 11
· TRS at symbol 5 and 8 (Ericsson, nokia)
· Based on slot format (MTK)

· Last DL symbol at symbol 12 or 13 (without considering 3 additional DMRS)
· TRS can be at symbol 5 and 9

· TRS can be at symbol 8 and 12

· Last DL symbol at symbol 11 (without considering 3 additional DMRS)
· TRS can be at symbol 7 and 11

· Last DL symbol at symbol 10

· TRS can be at symbol 7 and 10

· Last DL symbol at symbol 9

· TRS can be at symbol 5 and 8

· Last DL symbol at symbol 8

· TRS can be at symbol 5 and 8
· Special configuration for 3 additional DMRS (MTK)

· TRS can be at symbol 4 and 7

· TRS can be at symbol 7 and 10
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2.2.2.1 Whether the TRS symbol position can be different in each slot of N=2+2 in X=2?
	· Support TRS symbol position can be different in each slot, in order to shorten the time span to exchange for wider resolvable range for Doppler spread estimation (MTK)

Possible agreement: Study both the accuracy and resolvable range of the frequency offset estimation and Doppler spread estimation when TRS symbol position is the same, or is different in each slot of X=2, and then make decision in #91 meeting
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2.2.3 Whether N=3+1 in X=2 is supported
	· Support N=3+1 for improved accuracy of frequency offset estimation (E///)

· N=3+1 can be considered if the second slot in X=2 has smaller PDSCH region (MTK)

· N=3+1 can also be considered to shorten the time span to exchange for wider resolvable range for Doppler spread estimation (MTK)

Possible agreement: encourage the companies to study for 1: whether N=3+1 is beneficial when the second slot of X=2 has smaller downlink part; 2: whether when using N=3+1, the frequency offset estimation accuracy is improved and the misdetection on Doppler spread estimation is avoided


2.3 TRS bandwidth
	· TRS BW of up to the BW of BWP is not supported (MTK, E///)
· TRS BW is the same as BW of active BWP (QC)

· B = min(40 PRB, BW of BWP) (Huawei)
Possible agreement: support TRS BW by ~24RB and ~50RB



2.4 The relationship between SS burst, TRS and DRX ON duration especially with longer DRX cycle

	· Periodic SS burst and periodic TRS burst are arranged such that the UE can utilize one SS burst and one TRS burst for AGC adjustment and T/F tracking before DRX ON (MTK, Huawei, vivo, Spreadtrum)
· No particular timing relationship between SS burst and periodic TRS burst. DMRS is sufficient when robust MCS is used (E///)
Possible agreement: Proper alignment between periodic SS burst and periodic TRS burst. FFS on the slot offset between periodic SS burst and periodic TRS burst


2.4.1 Whether aperiodic TRS burst is supported

	· Both periodic and aperiodic TRS are supported depending on network configuration (MTK, Huawei, QC, Spreadtrum)
· Aperiodic TRS is supported with measurement restriction during DRX on duration (E///)
Possible agreement: aperiodic TRS burst is supported and FFS on the usage


2.5 Whether TRS is configured on a BWP/carrier without SS block?

	· Configure TRS when SS block is not on a BWP/carrier (MTK, E///, Nokia)
Possible agreement: TRS is configured on a carrier or on an active BWP when SS block is not present



2.6 Whether TRS is supported in idle mode?
	· TRS is not supported in idle mode(MTK, E///, Intel, vivo, LGE, Nokia)

· Support aperiodic TRS before IDRX paging occasion (QC)
· At least one TRS configuration for idle mode (Samsung)

· Support aperiodic TRS with X=1 (Spreadtrum)
Possible agreement: Encourage the companies to provide the results of using SS blocks for fine tracking and inspect the corresponding performance. Make decision in next meeting


2.7 Whether TRS is supported in above-6GHz band?

	· Support TRS in above-6GHz and adopt same TRS framework for sub-6GHz and above-6GHz (QC)

· Support TRS for above-6GHz (ZTE, Spreadtrum, Huawei)
· There is no evaluation to show that TRS is needed in above-6GHz when PT-RS is present also for frequency offset and Doppler spread estimation (MTK)
Possible agreement: Make decision in next meeting based on, 1: whether TRS based delay spread estimation is accurate when the beams between TRS and UEs are different, 2: whether frequency offset estimation and Doppler spread estimation can be covered by the limited configured PT-RS 


2.8 Whether X= 1 is supported

	· X = 1 is supported (E///, ZTE, vivo, Samsung)

· X = 1 is supported for above-6GHz, if it is agreed to support TRS on above-6GHz (MTK)

· X = 1 is supported for aperiodic TRS in idle mode (Spreadtrum)
Possible agreement: X=1 is supported. FFS on the usage and the number of TRS symbols N and St in this case


2.9 TRS sequence
	· Use the same formula for TRS sequence as for CSI-RS (E///)
Possible agreement: Same formula for TRS sequence generation as that for CSI-RS


2.10 TRS multiplexing with SS block

	· Consider FDM between TRS and SSB (Intel, Samsung, Spreadtrum, MTK, Ericsson)

Possible agreement: FDM between TRS and SSB is supported. FFS on the indication of TRS RB position


2.11 TRS relationship with other RSs

	· Share RE between TRS and CSI-RS for BM (vivo, ZTE, Sanechips, LGE)
· Need to wait the decision on RS structure of CSI-RS for BM (the frequency density of one port and no CDM CSI-RS is still unknown) (MTK)



2.12 TRS measurement restriction

	· TRS measurement restriction can be configured to the UE which implies that the UE is only allowed to use a single TRS burst for channel analysis  ([Intel], Ericsson)
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