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Discussion
1 Introduction
The WF in RAN1 #89 meeting has defined 6 parameters for TRS structure. The simulation is encouraged in order to identify the feasible values for ensuring the tracking performance. In this document, we collect the proposed values of the 6 parameters from the companies’ contributions [1]-[10].
In RAN1 #89 meeting, it is still not clear that whether the existing RS(s) can be directly applied, or the further revision on the existing RS(s) is needed. It is expected in this meeting that the decision can be made at least based on the proposed values for the 6 parameters.

The other views such as TRS construction, TRS type, tracking enhancement for long DRX and TRS support for multi-TRP and multi-beam transmission are also captured.
Also the options are listed for each item for the further down-selection.
2 Summary
The views are summarized as below.
2.1 The proposed values by companies for the 6 TRS parameters
The 6 parameters are listed below,

· X: the length of TRS burst in terms of number of slots
· Y: the TRS burst periodicity in terms of number of slots

· 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 proposed values for the four functionalities, frequency offset tracking, time delay tracking, delay spread estimation and Doppler spread estimation, are separately listed. If the proposed values don’t specify which functionalities for use, they are duplicated to the four functionalities. 
 For frequency offset tracking:

	X
	= 1 for normal case. > 1 before DRX on for 14-symbol slot (MTK)

= 1 for 14-symbol slot, =2 for 7-symbol slot (Huawei)
= 2 for 30KHz SCS (QC)

	Y
	= 5ms (Huawei)
= at least 20ms, 40ms and 80ms (Ericsson)

	N
	>= 2 (MTK, Ericsson)

= 4~6 (Huawei)

	B
	= 32 (MTK)

>= 25 (Intel, QC)

= 50 for larger BW, 24 for full RB for smaller BW (Huawei)

	Sf
	= 6 for both repetition and staggered structure (MTK)

= 4 for repetition structure or =6 for staggered structure(Huawei)

= 4 for repetition structure. The staggered structure can also be considered (QC)

= 3 by assuming to use PBCH DMRS (LGE)

	St
	= 3 (MTK)
= non-uniform (2,4) or (1,3) (Huawei)

= 6 or 7 for 30K SCS (QC)

= 3 by assuming to use PBCH DMRS (LGE)


 For time delay tracking:

	X
	= 1 for normal case. > 1 before DRX on for 14-symbol slot (MTK)

= 1 for 14-symbol slot, =2 for 7-symbol slot (Huawei)
= 2 for 30KHz SCS (QC)

	Y
	= 5ms (Huawei)
= at least 20ms, 40ms and 80ms (Ericsson)

	N
	>= 2 (MTK, Ericsson)

= 4~6 (Huawei)

	B
	>= 24 (MTK)

>= 25 (Intel, QC)

= 50 for larger BW, 24 for full RB for smaller BW (Huawei)

	Sf
	= 6 for both repetition and staggered structure (MTK)

= 4 for repetition structure or =6 for staggered structure(Huawei)

= 4 for repetition structure. The staggered structure can also be considered (QC)

= 3 by assuming to use PBCH DMRS (LGE)

	St
	= non-uniform (2,4) or (1,3) (Huawei)
= 6 or 7 for 30K SCS (QC)

= 3 by assuming to use PBCH DMRS (LGE)


 For delay spread estimation:
	X
	= 1 for normal case. > 1 before DRX on for 14-symbol slot (MTK)

= 1 for 14-symbol slot, =2 for 7-symbol slot (Huawei)
= 2 for 30KHz SCS (QC)

	Y
	= 5ms (Huawei)
= at least 20ms, 40ms and 80ms (Ericsson)

	N
	>= 2 (MTK, Ericsson)

= 4~6 (Huawei)

= 2 (Ericsson)

	B
	>= 24 (MTK)

>= 25 (Intel, QC)

= 50 for larger BW, 24 for full RB for smaller BW (Huawei)

	Sf
	= 6 for both repetition and staggered structure (MTK)

= 4 for repetition structure or =6 for staggered structure(Huawei)

= 4 for repetition structure. The staggered structure can also be considered (QC)

= 3 by assuming to use PBCH DMRS (LGE)

	St
	= non-uniform (1,3) (MTK)
= non-uniform (2,4) or (1,3) (Huawei)

= 6 or 7 for 30K SCS (QC)

= 3 by assuming to use PBCH DMRS (LGE)


 For Doppler spread estimation:
	X
	= 1 for normal case. > 1 before DRX on for 14-symbol slot (MTK)

= 1 for 14-symbol slot, =2 for 7-symbol slot (Huawei)
= 2 for 30KHz SCS (QC) 

	Y
	= 5ms (Huawei)
= at least 20ms, 40ms and 80ms (Ericsson)

	N
	= 4 (MTK)

= 4~6 (Huawei)

= 2 by using PDSCH front-loaded and additional DMRS (LGE)

	B
	>= 24 (MTK)

>= 25 (Intel, QC)

= 50 for larger BW, 24 for full RB for smaller BW (Huawei)

	Sf
	= 6 for both repetition and staggered structure (MTK)

= 4 for repetition structure or =6 for staggered structure(Huawei)
= 4 for repetition structure. The staggered structure can also be considered (QC)

= 3 by assuming to use PBCH DMRS (LGE)

	St
	= non-uniform (1,3) (MTK)

= non-uniform (2,4) or (1,3) (Huawei)

= 6 or 7 for 30K SCS (QC)

= 3 by assuming to use PBCH DMRS (LGE)


Other views:

· MTK: The most dominating factor for frequency offset tracking is St 
· MTK: The most dominating factor for time delay tracking is N and B 

· MTK: The most dominating factor for Doppler spread estimation is N
· MTK: For frequency offset estimation, using PDSCH DMRS for this purpose is up to the UE implementation
· MTK: The NR-SSS has the property of B = 10 and N = 1. We don’t consider it as the good candidate for fine time and frequency tracking. Instead, it can be used for identifying the timing ambiguity
· Huawei: Common TRS burst is configured for all of the tracking functionalities
Offline agreement: The suitable values for the 6 parameters are
X (the length of TRS burst in terms of number of 14-symbol slots): 
· {1} or {2} or {1, 2}

· Note; 2 may be needed for cold start
Y (the TRS burst periodicity in ms):
· Consider further at least these values: 5, 10, 20, 40, 80 ms
· Consider less than 5ms for e.g. HST scenario, etc.

N (Number of OFDM symbols per TRS within a slot):
· 2

· 4

B (TRS bandwidth in terms of number of RBs):
· ~24 RBs assuming SCS=15KHz (FFS, for other SCS values)
· 50 RBs assuming SCS=15KHz
· FFS for WB operation with multiple BWPs
Sf (TRS subcarrier spacing):
· 4
· 2
 Note: not all the combinations of values for N, B and Sf are supported. Down selection in next meeting.

St (TRS symbol spacing within a slot):
· Non-uniformly spaced

· (1,3)

· (2,4)

· Uniformly spaced

· 2
· 3

· 6 or 7
2.2  TRS construction and the link to the existing RS
The views are,
· The CSI-RS agreement that the configuration of port number= 1, density > 1 RE/port/PRB and CDM value=1 can be further designed for serving the tracking purpose (MTK, Huawei)
· Use existing RS-types and their corresponding configurations to cover different scenarios of TRS (Nokia)
· For single-beam operation, the CSI-RS with IFDMA structure should be used for fine time/frequency offset tracking (Intel)
· For multi-beam operation, the CSI-RS for beam management should be considered for fine time/frequency offset tracking (Intel)
· Self-contained DMRS in PBCH should be considered as a baseline RS for fine time/frequency tracking (LGE)
· 1-port CSI-RS can be used as tracking RS (Samsung)

· Strive for sharing RS resources for CSI-RS for beam management and CSI-RS for mobility with different configuration on the RS density (ZTE)
· The configuration of TRS should allow frequency multiplexing with SS block (Ericsson)
Options: 
· Support the TRS design by using single port, density > 1 RE/port/RB and CDM value= 1 CSI-RS configuration
· Extend CSI-RS for beam management for TRS
2.3  TRS type

 The views are,
· Cell specific: Samsung

· UE specific: Ericsson, Huawei

· UE specific and cell specific: MTK

Options: TRS is UE specific. FFS for being cell specific
2.4  Tracking enhancement for long DRX
    The views are,
·  Aperiodic TRS in the beginning of CDRX paired with the grant or grant indicator (QC)
·  The SS blocks are followed by several consecutive slots with TRS, which occur before the DRX ON duration within Z number of slots (MTK)
Options:
· TRS is frequency multiplexed with SS blocks

· TRS can be in consecutive slots after SS blocks
2.5  TRS support for multi-TRP and multi-beam transmission

    The views are,
· The TRS from multiple TRPs can be overlapping and non-overlapping (colliding and non-colliding) at the RE level. The TRS-IC can be applied to improve the tracking accuracy (MTK)

· The TRS from multiple TRPs is non-overlapping at the RE level (Huawei)
Options:
3 Conclusion
  It is FFS at this moment.
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