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1 Introduction

The remaining issues are captured in section two for further discussion. The first three issues, “TRS parameters for above-6GHz”, “RRC parameter for TRS” and “How to capture TRS/CSI-RS instance for tracking in specification” are most crucial.

It is encouraged that the companies can discuss further to reach (offline) agreement at least for the first three issues.

2 Issues

The remaining issues are listed and the companies’ views are collected as follows.

2.1 TRS parameters for above-6GHz

	Periodicity Y
· Same as below-6GHz (10ms, 20ms, 40ms, 80ms): E///, HW, QC, vivo, MTK, ZTE/Sanechips, QC
· Additionally consider 5ms besides the agreed values for below-6GHz: DCM, HW


	Burst length X and TRS symbol number N
· Same as below-6GHz (X=2, N=2+2): QC, MTK, Spreadtrum, HW
· X=1: DCM, Nokia, E///, ZTE, Samsung, vivo, Intel, LGE
· N=2: Nokia, E///. ZTE
· E///: For efficient FDM with SSB, So St=3 for this case

· N=3: vivo

· N=1: Intel: TRS should only be used for fine time offset tracking for 2 reasons: 1) phase noise; 2) presence of PT-RS


Discussion points

	MTK
	1, If restricting TRS only for delay related parameter estimation, we have concern on the sparse density of PT-RS for frequency related parameter estimation. We think it is up to UE implementation on how to utilize PT-RS. But from spec point of view, we need to provide some “stable” and “reliable” resources for UE to track

2, the false path is easy to happen for delay estimation if N=1, when the SNR is middle or lower. This is why the coherent combining is important to suppress the noise. So N should be >= 2 for coherent combining

3, The Doppler spread estimation may have accuracy and stability problem for N=2. This is why we consider N=2+2 in below-6GHz. The density of PT-RS is still the concern for proper Doppler spread estimation. Also PT-RS is not always configured 

	ZTE/Sanechips
	For above 6GHz, at least N=2 should be supported. PTRS should not be mandatory for Doppler estimation.

	Qualcomm
	For UE complexity, we should try to unify the pattern of TRS for below 6 and above 6. 

	Huawei
	Unified design of TRS for all band. Shorter periodicity is needed for high frequency.


Reference for discussion:

	
	SCS=15KHz
	SCS=30KHz
	SCS=60KHz
	SCS=120KHz

	St=2
	+-3.5KHz
	+-7KHz
	+-14KHz
	+-28KHz

	St=3
	+-2.3KHz
	+-4.6KHz
	+-9.2KHz
	+-18.4KHz

	St=4
	+-1.75KHz
	+-3.5KHz
	+-7KHz
	+-14KHz

	St=5
	+-1.4KHz
	+-2.8KHz
	+-5.6KHz
	+-11.2KHz

	St=7
	+-1KHz
	+-2KHz
	+-4KHz
	+-8KHz

	St=14
	+-500Hz
	+-1KHz
	+-2KHz
	+-4KHz


Resolvable tracking range

	
	30GHz
	40GHz

	3km/hr
	83Hz
	111Hz

	10km/hr
	278Hz
	370Hz

	30km/hr
	833Hz
	1.11KHz

	60km/hr
	1.67KHz
	2.22KHz

	100km/hr
	2.78KHz
	3.7KHz


Max Doppler shift

Possible agreement:
· For above-6GHz, the TRS periodicity = 5ms, 10ms, 20ms, 40ms and 80ms are supported
· For above-6GHz, the following configurations are supported
· Same configuration as below-6GHz: X=2 and N=2+2

· X=1, FFS on value of N

· FFS on the applied scenario of X=1 and X=2
2.2 RRC parameter for TRS

	· In the resource set configuration, introduce a “port coherence flag” for indicating same port across all resources in the resource set: E///, LGE
· When TRS is FDM with SS/PBCH block, the TRS antenna port is mapped to SS/PBCH block antenna port p=4000 to enable the UE to perform T/F synchronization on the TRS and SS/PBCH block jointly: E///

· TRS_info consists of

· Boolean value for TRS purpose

· CSI-RS resource set ID or SSB ID

· CSI-RS resources IDs or CRI or SSB ID under item 2: Nokia

· Consider the structure that the common terms can be configured in only one of the NZP CSI-RS resources to reduce the signalling overhead: MTK, Spreadtrum 

· No additional RRC parameters are needed (e.g. one CSI-RS resource per slot in the TRS burst, where the two CSI-RS resources are in the same resource set and CSI-RS-ResourceRep is set to ON, would be enough to capture TRS.): Samsung

· No additional RRC parameters. CSI-RS resources are configured in a CSI-RS resource set with repetition ‘ON’: ZTE/Sanechips.



Discussion points

	MTK
	To Hoondong, the CSI-RS-ResourceRep may not mean all TRS from the same port. But maybe we can capture this (same port for CSI-RS resources used for TRS) in 211 so that there is no need to have port coherence flag in RRC

	ZTE/Sanechips
	If parameters of CSI-RS resource set are aligned with TRS, implicitly, this CSI-RS resource set is TRS. No need to distinguish between P3 and TRS, both of them do not need reporting.

	Spreadtrum
	It is helpful for UE to be explicitly indicated that some configuration of CSI-RS resource set is dedicatedly used for tracking purpose.

	Qualcomm
	Most of above are not RRC parameter topics. The feature first needs to be discussed and agreed before discussing RRC parameters. When it comes to actual RRC parameters, we think this should be discussed in RAN2 and RAN1 should focus on PHY issues.

	Huawei
	Configured as a CSI-RS resource set can be an approach to use.


Reference for discussion:

	
	CSI-RS 

resource 0
	CSI-RS 

resource 1
	CSI-RS 

resource 2
	CSI-RS 

resource 3

	NZP-CSI-RS-ResourceConfigID ??
	
	
	
	

	NrofPorts
	1 

	CSI-RS-timeConfig: period
	Y ms



	CSI-RS-timeConfig: slot offset
	y slots
	y slots
	y+1 slots
	y+1 slots

	CSI-RS-ResourceMapping: symbol
	Symbol S
	Symbol S+4
	Symbol S
	Symbol S+4

	CSI-RS-ResourceMapping: frequency shift
	s ( 0~3)

	CSI-RS-Density
	3 (comb-4)

	CDMType
	No CDM

	CSI-RS-FreqBand:

BW
	B RBs



	CSI-RS-FreqBand:

RB offset
	b RBs

	Pc ??
	

	ScramblingID ??
	

	CSI-RS-ResourceRep
	ON

	[Port coherence]
	[TRUE]


Possible agreement:
· TRS can be configured by a CSI-RS resource set. The common values among the NZP CSI-RS resources in the CSI-RS resource set configured for TRS can be further discussed in RAN2 for reducing signalling overhead
2.3 How to capture “TRS”/ ”CSI-RS instance for tracking” in specification

	· As a subsection of CSI-RS as CSI-RS for tracking in 38.211, with restriction based on the agreed TRS parameters: ZTE, Samsung, HW
· Have a section 7.4.1.5A in 38.211 for tracking reference signal. Specify how a TRS resource is configured through a CSI resource set: Spreadtrum, MTK, E///  


Discussion points

	MTK
	1, We think we can have similar way as LTE did. In LTE 6.11 36.211, it is synchronization signal and in 6.11A it is Discovery signal. The discovery signal actually contains the content of synchronization signal. And it is very clear to us that how the discovery signal consists of.

	ZTE/Sanechips
	Can be CSI-RS for tracking

	Qualcomm
	We don’t have a very strong view but we slightly prefer the second approach. We should not spend too much time on this. This can be left to the spec editor if no consensus is reached.

	Huawei
	As CSI-RS resource set configuration for tracking


Possible agreement:
· It is up to the spec editor to determine the options below to capture TRS into spec:
· Opt. 1: Have a section 7.4.1.5A in 38.211 for tracking reference signal. Specify how a TRS resource is configured through a CSI resource set
· Opt. 2: As a subsection of CSI-RS as CSI-RS for tracking in 38.211, with restriction based on the agreed TRS parameters
2.4 Whether X=1 is supported for below-6GHz. If YES, what’s N and the use cases

	· Not supported: HW

· Supported: E///, vivo, Samsung, MTK, Nokia, LGE
· N=2: E///, Nokia, ZTE/Sanechips
· E///: Need possibility to configure Sf < 4 to get sufficient samples and performance

· Nokia: reduce RS overhead

· N=3: vivo, for short UL/DL switching periodicity

· N=4: MTK, ONLY for short UL/DL switching periodicity

· Samsung: multi-beam SSB, dynamic TDD, unlicensed band




Discussion points

	MTK
	We actually have concern on using 2 TRS symbols for Doppler spread estimation. Also from implementation point of view, we consider to use TRS for AGC adjustment. So X=1 and N=2 are not okay to us

	ZTE/Sanechips
	X=1 has more flexibility for scheduling. X=2 can still be configured if fine requirement is really needed 

	Qualcomm
	We don’t see the need to support X=1.

	Huawei
	We also don’t see the need to support X=1.


Possible agreement:
2.5 Multiplexing rules between TRS and other RSs

	· When the configured TRS is collided with the SSB, the UE can assume that it is SSB signal and not the TRS that’s transmitted in the colliding REs : E///


Discussion points

	MTK
	This topic can be discussed at RS MUX AI

	ZTE/Sanechips
	Same view as MTK

	Spreadtrum
	It is catastrophic for UE that collision between TRS and SSB is happening periodically, since they both are period signals. We propose that specification should not allow the collision to happen.

	Qualcomm
	UE needs TRS for robust operation for many purposes. For periodic TRS and periodic SSB collides, it means it continuously collides. This effectively means a different TRS pattern which is different from the pattern based on all the studies so far. The collision should be avoided by the specification.

	Huawei
	This is under RS MUX AI


Possible agreement:
2.6 Potential down-selection for TRS symbol position

	· No further down-selection (adopt 4_8, 5_9, 6_10 ): HW, vivo, MTK,ZTE/Sanechips
· Adopt 5_9 for NR LTE co-existence concern: AT&T, Intel

· Remove 5_9 and change as 5_8, and also support 4_8 and 6_10: E///


	Agreement in 90bis:
Agreement
· For N=2+2, X=2, TRS symbols have the same symbol positions in the two consecutive slots
· DMRS and TRS are at least TDMed from UE perspective
· One of the following symbol positions per slot can be configured by RRC, 
· Option 1: symbol 4 and 8 (symbol index starts from 0)
· Option 2: symbol 5 and 9
· Option 3: symbol 6 and 10
· Note 1: Potential down selection can be done until next meeting. It is not limited to select only one option
· Note 2: RRC signaling to configure TRS as above can be related to the existing RRC signaling for DMRS, CSI-RS, etc.
· Note 3: It is not precluded to have additional options



Discussion points

	MTK
	1, The LTE CRS symbol at symbol 0,1,4,7,8,11 in normal CP, and at symbol 0,1,3,6,7,9 in extended CP. So 5_9 TRS may collide with CRS in extended CP

2, So pattern 5_9 has the use case but it may not be the only one to be supported

3, Another question to AT&T and Intel, the additional DMRS at symbol 11 will collide with CRS. How to resolve this?

	Qualcomm
	No down-selection is needed and in fact all the patterns are needed given we have many DMRS patterns to coexist.

	Huawei
	No further down-selection is needed.

	
	


Reference for discussion:
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Possible agreement:
· The following TRS symbol positions are supported at least for below-6GHz of X=2 and N=2+2
· 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
2.7 Measurement restriction on TRS (MR here means the estimated parameters can’t be averaged (or filtered) across TRS bursts )

	· Not supported: MTK, HW, Samsung,ZTE/Sanechips, Spreadtrum
· Supported: E///, Intel (with QCL parameters)


Discussion points

	MTK
	The estimated CFO is compensated at pre-FFT, with an accumulated manner. This is why we say tracking loop. The loop filter also filters out the noise so that the tracking loop can converge at middle or lower SNR. If MR is allowed, the one shot estimation will be easily perturbed by noise 

	Spreadtrum
	Up to UE’s implementation, i.e., if UE detects the channel estimation based on one TRS burst is invalid, UE should drop the estimation.

	Huawei
	One shot TRS measurement is not feasible. Multiple shots with a resetting mechanism can be considered to coping with the situation such as when QCL/beam changes for TRS


Possible agreement:
· Measurement restriction is not considered on TRS
· FFS on the indication to the UE when QCL/beam changes on TRS 

2.8 Whether TRS is supported in idle mode

	· Not supported: HW, DCM, vivo, MTK, LGE,ZTE/Sanechips
· Support aperiodic TRS before IDRX paging occasion: QC, E///, Spreadtrum


Discussion points

	MTK
	If we have multiple DMRS symbols for paging reception, it should be helpful for fine sync under QPSK and low coding rate transmission 

	ZTE/Sanechips
	Total 3 DMRS symbols is used for paging, that’s enough.

	QC
	We do not see the need for periodic TRS in Idle. However, we see a strong need to have aperiodic TRS in Idle to avoid significant Idle power consumption.

	
	


Possible agreement:
2.9 Further relationship between TRS and CDRX

	· Support a-periodic TRS before CDRX ON. The offset between A-TRS and CDRX ON is UE specifically configured: QC, E///, Spreadtrum
· UE assumes periodic TRS may not be transmitted during CDRX OFF: QC, E///

· UE assumes aperiodic TRS is transmitted before CDRX on-duration when UE is scheduled: QC


Discussion points

	MTK
	1, We don’t consider the UE can assume periodic TRS is not transmitted during CDRX OFF. It is up to UE implementation to wake up how earlier to get several TRS bursts

2, The UE may have data during CDRX OFF, and so the network should buffer it before DRX ON. When UE is OFF and how the UE can be triggered to get a-periodic TRS before ON?

	Qualcomm
	If no aperiodic TRS is introduced, UE has to rely on TRS during CDRX off. It is not up to UE implementation whether to wake up or not, which influences UE power saving from CDRX feature. 

For above 6, when beam changes, channel tracking based on previous beam becomes less useful. Therefore, aperiodic TRS is needed before starting data transmission for efficient communication without causing non-negligible latency with CDRX.

During CDRX off, there is no triggering for aperiodic TRS before on-duration. Aperiodic TRS is configured as the part of CDRX so UE knows when to expect aperiodic TRS.

We also add an additional related proposal that could be discussed: “UE assumes aperiodic TRS is transmitted before CDRX on-duration when UE is scheduled”.

	Huawei
	Don’t see the need to introduce aperiodic TRS for this purpose. Network configuration can cope with this situation. If needed, RAN4 performance requirement can be defined properly for this.


Possible agreement:
2.10 Additional A-periodic TRS support

	· Support a-periodic TRS after PDCCH/PDSCH beam changes: QC, Spreaadtrum
· A-periodic TRS is not considered in Rel-15: MTK,ZTE/Sanechips


Discussion points

	Qualcomm
	Independent CDRX, we need to consider aperiodic TRS for above 6 case due to beam changes.

	Huawei
	Not clear about the motivation here. Is the beam changes for PDCCH/PDSCH or TRS?


Possible agreement:
2.11 UE triggered (aperiodic) TRS transmission

	· Support UE triggered TRS transmission for potential RX beam change due to long TRS periodicity: Intel

· Do not support UE triggered TRS transmission: E///,ZTE/Sanechips, Huawei, LGE


Discussion points

	ZTE/Sanechips
	It is strange that UE triggers RS

	
	


Possible agreement:
2.12 Additional Sf for consideration

	· Support Sf=[3 or 6] for multiplexing between LTE CRS and NR TRS: Intel, AT&T, E///

· Further support Sf= 2, 1 when FDM with SSB for mmwave and analog beamforming. Perhaps revise agreement to Sf=4,2,1 is supported for TRS?: E///


Discussion points

	MTK
	For current agreed TRS symbol 4_8, 5_9 and 6_10. Pattern 5_9 and 6_10 can avoid collision with CRS in normal CP, and pattern 4_8 can avoid collision in extended CP. If so, why do we need the additional Sf for FDMing on CRS and TRS? CRS and TRS can be TDMed

	ZTE
	No need to support other values

	Qualcomm
	Same view as MTK, no need to support other values since already there are options to avoid collision with CRS.

	Huawei
	Do not see the need to have other values.


Possible agreement:
· For TRS, no additional Sf other than Sf=3 is supported
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