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Introduction
[bookmark: OLE_LINK26][bookmark: OLE_LINK23]In RAN1#90bis meeting, there were following agreements related with TRS [1]:
Agreement#1: 
Following TRS BWs are supported in NR
min(BWP, ~50RBs)
FFS: BWP
UE is not expected to receive TRS outside the BWP
TRS RB position is configured by gNB
Agreement#2:
TRS can be configured on a carrier or on an active BWP when SS block is not present
Agreement#3:
· 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
Agreement#4:
· TRS can be configured as one-port CSI-RS resource(s) with the agreed parameters on St, Sf, N, B, X and Y
· FFS on one or multiple resources
· Note: TRS is also supported in above-6GHz
· FFS on the parameters X, N, St
· FFS: TRS periodicity
· For below 6GHz, TRS periodicity 10ms, 20ms, 40ms and 80ms are supported
· For RAN4 information, 10ms is introduced for high speed train scenario
· Note: It is up to the editor to capture the periodicity in units of slots
· TRS BW can be equal to BW of BWP
· UE is not expected to be simultaneously configured with TRS BW equal to BWP and TRS periodicity of 10ms if the BWP is larger than 50 RBs 
· FFS on CSI-RS measurement restriction functionality can be configured between TRS bursts
· Sf=4
· FFS: Additional Sf values 
· for below 6GHz
· FFS on X=1
In this contribution, we further provide our views on remaining details on TRS.
Discussion 
As shown in the agreements#4 in section 1, TRS can be configured as one-port CSI-RS resource(s) with the agreed parameters on St, Sf, N, B, X and Y. It is obvious that TRS is a subset of CSI-RS like CSI-RS for BM and CSI acquisition. 
Based on the current frame work configuration of CSI-RS, one TRS burst can be configured as one CSI-RS resource set which is composed of four CSI-RS resources, wherein each CSI-RS resource is configured with 1 port. To align with the requirement of TRS based on previous agreements, those four CSI-RS resources should be distributed within two adjacent slots and the time position of one pair of CSI-RS resources should be configured on symbol {4 and 8 } or {5 and 9} or {6 and 10}. Frequency density of all CSI-RS resources should be 3. 
Therefore, like CSI-RS for BM and for CSI, it is straightforward to put TRS as a subset of CSI-RS. To make the current specification clear, TRS should be described in a subsection of CSI-RS, e.g. CSI-RS for tracking. 
Proposal 1: TRS should be put into a subsection of CSI-RS in the current specification as CSI-RS for tracking. One TRS burst is denoted as one CSI-RS resource set with following restrictions
· Four CSI-RS resources are configured in a CSI-RS resource set with repetition ‘ON’
· Those four CSI-RS resources should be distributed within two adjacent slots and the time position of one pair of CSI-RS resources in each slot should be configured on symbol {4 and 8 } or {5 and 9} or {6 and 10}
· One port is configured for all resources
· Frequency density is 3
The bandwidth should be min(BWP, ~50RBs)
· Periodicity is {10ms, 20ms, 40ms, 80ms}
In order to reduce CSI-RS overhead, resource sharing is necessary for BM, CSI acquisition, tracking and so on. In high frequency bands, beam sweeping is required for different types of reference signal. It is wasteful if these beam sweeping RSs cannot share with each other as it consumes a lot of overhead to cover the whole space.  Therefore, we should strive for possible sharing between CSI-RS for beam management and other RS including CSI-RS for mobility and channel tracking.  For example, CSI-RS for beam management and CSI-RS for mobility can share the same basic pattern such as single port CSI-RS.  Density of these measurement RS and related reports can be configured differently to suit different purposes e.g. mobility measurement, channel tracking, CSI measurement, beam management.  
Figure 1a illustrates the possible way to share resources between CSI-RS for beam management procedure P2 and CSI-RS for tracking, wherein one port CSI-RS with Tx different beams on symbol #5,#6,#7,#8 is for Tx beam training, and CSI-RS on symbol #6, #10 is for fine time/frequency. In this case, both Tx beam and Rx beam are the same on the symbol #6 and #10. 
Figure 1b illustrates the possible way to share resources between CSI-RS for beam management procedure P3 and CSI-RS for tracking, wherein one port CSI-RS with the same Tx beam on symbol #5,#6,#7,#8 is for Rx beam training, and CSI-RS on symbol #6, #10 is for fine time/frequency. In this case, both Tx beam and Rx beam should be the same on the symbol #6 and #10.
 [image: ]
(1a) CSI-RS for P2 and tracking                                                 (1b) CSI-RS for P3 and tracking
Figure 1 RE mapping for CSI-RS 
Another example is fully sharing CSI-RS resource for BM and for tracking. As shown in Figure 2a, CSI-RS for P2 and for tracking on three beams can fully share the same resources. In this case, Tx beam 1/2/3 are transmitted on symbols {4,8}/{5,9}/{6,10} which are aligned with the requirements of TRS time domain position. Similarly, CSI-RS for P3 and tracking can also fully share the same resources as shown in Figure 2b. In this case, the same Tx beam is transmitted and three different Rx beams are used on symbol {4,8},{5,9} and {6,10} respectively. 
[image: ]
(2a) CSI-RS sharing for P2 and tracking                       (2b) CSI-RS for P3 and tracking
Figure 2 RE mapping for CSI-RS 
Based on above analysis, some CSI-RS resources can be used both for beam management and fine time/frequency tracking. 
[bookmark: _GoBack]Proposal 2: Strive for sharing resources of CSI-RS for beam management, mobility, tracking, CSI acquisition.
Currently, one TRS burst is supported within 2 adjacent slots. Although 2 slots provide more robust performance for fine frequency tracking, it introduces scheduling restriction since 2 adjacent DL slots should be periodically configured for TRS transmission. In multi-beam scenarios, it will be difficult because even one UE may need multiple TRS which corresponds to different beams. Therefore, we propose to support both 1 slot and 2 slots for one TRS burst. 
Proposal 3: Support 1 slot TRS burst at least for above-6 GHz.

To study the TRS pattern parameter above 6GHz, we did some evaluations to compare the performance.
Series 1: X = 1 at symbol [4 8] vs. X = 2 at symbol [4 8 4 8]. 
[image: ] [image: ]
Figure 2 Performance compare for TRS with X=1 and X=2
Observation 1: The performance difference between X = 1 and X=2 is neglected. 
Series 2: B = [6, 12, 24, 50] RB
 [image: ][image: ]
Figure 2 Performance compare for TRS with B = [6 12 24 50]
Observation 2: Large TRS bandwidth can improve the frequency offset estimation accuracy.  
Conclusions
[bookmark: OLE_LINK10][bookmark: OLE_LINK11]In this contribution, we analyse RS for fine frequency/time tracking and provide the following proposals:
Proposal 1: TRS should be put into a subsection of CSI-RS in the current specification as CSI-RS for tracking. One TRS burst is denoted as one CSI-RS resource set for BM with following restrictions
· Four CSI-RS resources are configured in the resource set with repetition ‘ON’
· Those four CSI-RS resources should be distributed within two adjacent slots and the time position of one pair of CSI-RS resources in each slot should be configured on symbol {4 and 8 } or {5 and 9} or {6 and 10}
· One port is configured for all resources
· Frequency density is 3
The bandwidth should be min(BWP, ~50RBs)
· periodicity is {10ms, 20ms, 40ms, 80ms}
 Proposal 2: Strive for sharing RS resources for CSI-RS for beam management, mobility, tracking, CSI acquisition.
Proposal 3: Support 1 slot TRS burst at least for above-6 GHz.
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Appendix
Simulation assumption:
	Parameter
	Value

	Central Frequency
	30 GHz

	Subcarrier carrier space
	60 kHz

	UE bandwidth
	50 RB

	Channel Model
	TCL-C

	Transmission Slot 
	14 symbols

	UE speed
	3km/h, 30km/h

	Delay spread
	300 ns

	MCS
	16QAM, Code Rate =1/2

	Tx  Number
	2Tx

	Rx  Number
	2Rx  

	PRB Number
	50 PRB

	DMRS pattern	
	Type1 pattern with 1 front -loaded  symbol

	Channel estimation
	Practical 2DMMSE channel estimation 

	Frequency offset
	650Hz

	Frequency offset Estimation/compensation
	Post-FFT

	Time offset
	1.3usec(20 samples)

	Time offset Estimation/compensation
	Post-FFT
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