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Introduction
At RAN1#89 meeting [1], it was agreed that:
Agreements:
· Fine/time frequency tracking RS (TRS) structure may include burst structure and TRS structure inside a burst
· Whether the term “TRS” appear in specifications is FFS
· RS(s) can be the existing ones, revision of the existing ones, or new ones
· The parameters for burst structure are at least
· X: the length of TRS burst in terms of number of slots
· Y: the TRS burst periodicity in terms of number of slots
· TRS supports a single port
· FFS: Other numbers of TRS ports, resources, etc
· TRS has an equal RE spacing in frequency domain within a TRS bandwidth
· FFS: Whether multiple values are supported
· Note that more than one equal RE spacing can be considered
· FFS on TRS configuration details

Slot
Slot
Slot
…
Slot
Slot
Slot
Slot
Slot
…
Slot
Slot
Each TRS bust spans X Slots
One TRS burst for every Y slots
One TRS burst for every Y slots
Each TRS bust spans X Slots

Conclusions:
· All proponents are recommended to evaluate TRS until the next meeting
· Evaluation assumptions for TRS
· The parameters for TRS structure inside a burst are least
· 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 different slots in a TRS burst may have different TRS parameters (N,B, Sf , St )  (FFS)
· FFS: TRS may have a repetition or staggered structure in time domain within a slot
· FFS: Whether symbol spacing is equal or non-equal within slot
· Note that pages 6 – 9 in R1-1706940 are candidate parameters for evaluations
· Note that other candidate parameters are not precluded

Recapitulation of Previous Discussion
In our previous contribution [2][3], we lay the foundation on the need for NR to support a RS pattern suitable for driving robust UE tracking performance in all different UE states and deployment scenarios. Specifically, we clearly listed the impact of RS pattern on tracking performance in [2], and did extensive simulation to study the relationship between the RS pattern for tracking and the resulting demod performance. Backed by the simulation results, we reached the conclusion that for robust TTL/delay-spread estimation, we have to ensure at least 1/4 RS density in frequency based on the scenarios under study, which we formally restate below.
Proposal 1: For tracking RS, at least 1/4 RS density in frequency should be guaranteed to allow robust TTL. 
· Staggering pattern across different symbols may be considered to further improve the maximum resolvable delay spread.
Note that in LTE time, under the context of NCT (new carrier type) study, there was discussions regarding the feasibility of using narrow-band synchronization signal together with wideband low-density CSI-RS to joint perform TLL and delay spread estimation. The idea is to combine a (coarse granularity, long resolvable delay spread) estimate with a (fine granularity, small resolvable delay spread) estimate through an inner and outer tracking loop to synthesis a desirable (fine granularity, long resolvable delay spread) estimate on timing and delay spread. Promising as it looks, this scheme is not desirable due to the following two reasons: (1) CSI-RS may be configured with port and periodicity that are quite different from synchronization signal. In fact, periodic CSI-RS may not be configured at all by gNB. (2) while CSI-RS and SS, under desirable configuration, may provide reasonable tracking loop in time-domain, neither of them can provide reliable Doppler estimation and frequency offset estimation, which are just as import in terms of their impact on demodulation performance. As such, for UE operation robustness concern, a more reliable source of reference signal should be present in NR at least for UEs in connected mode. 
Regarding the agreement in the last meeting that TRS supports a single port, our understanding is that TRS can have one-port transmission per TRP from UE perspective.
Proposal 2: Tracking RS has one port per TRP from UE perspective. 
We also repeat our previous proposals on TRS as follows:
Proposal 3: Consider the design of Tracking RS with the following signaling requirement
· It can be turned off when there is no UE in connected mode
· It is periodically transmitted once configured
TRS with CDRX
So far discussion has been focusing on the mode without CDRX. We also need to consider the TRS together with CDRX. The TRS transmission occasion relative to the CDRX cycle needs to be carefully considered. TRS may be transmitted during CDRX off state where UE is not required to wake up, or TRS may be aligned with CDRX on-duration. Considering the overhead, it is beneficial to have shared TRS (or even cell-specific (beam-specific) TRS) instead of UE-specific TRS. In order to multiplex many UEs with CDRX, CDRX may not be aligned for all the UEs in the cell. It can be tricky to align the TRS with CDRX on-duration for all the UEs. Therefore, it is beneficial to consider aperiodic TRS in the beginning of CDRX when the grant will be issued for that CDRX cycle.
Proposal 4: Consider aperiodic TRS in the beginning of CDRX paired with the grant or grant indicator [7].
Performance Evaluation
Following the recommendation in the previous meeting, we conducted further evaluate to guide the design of tracking RS. Since the results in [3] already give good guidance on what the required frequency domain density should be, in this set of new study, we focus on ¼ RS density in frequency.
TRS burst pattern
In this contribution, we evaluated the performance of three different TRS burst patterns with 30KHz numerology, as illustrated in Figure 1. The TRS burst pattern is labelled by [OFDM symbol indices]


[bookmark: _Ref481709736]Figure 1  (a) three different TRS burst patterns (b) two DMRS patterns shown in 1RBx1slot grid.
On top of each of these patterns[footnoteRef:2], we also evaluated three different TRS BW configurations: [2:  Discrete reader may find out that [2,10] DMRS pattern collides with [3,10] TRS pattern: in the simulation, we put TRS in blank slot, and normalize the throughput across different patterns to have a fair comparison. Note that the DMRS pattern is illustrated just to show our simulation setup, not necessarily presenting our view on how DMRS should be allocated. For our view on how to multiplex different RS, please refer to [6].] 

1. 5MHz: 16RB=5.76MHz
2. 10MHz: 32RB=11.52MHz
3. 15MHz: 48RB =17.28MHz

The general trade-off of the different TRS burst patterns can be summarized in Table 1. While Table 1 only mentions how the RS pattern in time and frequency affects the estimation for time-offset, frequency-offset, delay spread, and Doppler spread, it should be clear that these estimations have an essential impact on the demod performance, which translate into throughput impact, which is exactly the target of evaluation of this contribution.
[bookmark: _Ref478049283]Table 1 . The impact of RS pattern on the tracking performance (restated from [2])
	RS pattern
	Density in time
	Time span[footnoteRef:3][1] [3: [1] Time span over which phase continuity is guaranteed] 

	Density in frequency
	BW

	Estimation type
	
	
	
	

	Time offset
	Processing gain
	Pull-in range
	Time resolution

	Delay spread
	
	Maximum resolvable delay spread
	

	Frequency offset
	Pull-in range
	Processing gain
	Processing gain


	Doppler spread
	Maximum resolvable Doppler spread
	Doppler resolution
	



TRS processing
Since ¼ RS density in frequency, according to our last simulation result in [3], can already provide good time tracking performance, in this updated set of study, we assume genie TTL and delay spread estimation for simplicity and just focus on using TRS for Doppler spread estimation.  In each set of simulations, we restrict the set of TRS-bursts that UE can rely on (hereafter referred to as filtering length), and then sweep across different filtering lengths. Specifically, the following three cases are simulated
· 1-TRS burst based tracking (one shot TRS burst based tracking)
· 3-TRS bursts based tracking
· 5-TRS bursts based tracking

The first one represents the case when the UE is in the cold start phase and only captured one TRS burst for tracking and channel parameter estimation, whereas the second and the third cases are designed to observe how tracking can be improved over time when more TRS bursts are captured.
In all the TRS filtering related algorithms, we assume that phase continuity across TRS bursts may not be guaranteed. 
Simulation results and observations
For easier navigation, we put the links to the simulation results across different configuration in Table 2 and Table 3. For each figure, we overlaid the three different filtering options. Some simulation assumptions are summarized in Table 4.
[bookmark: _Ref481714605]Table 2 Simulation results for MIMO-3layer
	BW
	5MHz
	10MHz
	15MHz

	TRS-burst pattern in time
	DMRS pattern
	
	
	

	[3,10]
	[2,5]
	Figure 2Error! Reference source not found.
	Figure 5
	Figure 8

	
	[2,10]
	Figure 20
	Figure 23
	Figure 26

	[3,5,7,9]
	[2,5]
	Figure 3
	Figure 6
	Figure 9

	
	[2,10]
	Figure 21
	Figure 24
	Figure 27

	[3,10,17,24]
	[2,5]
	Figure 4
	Figure 7
	Figure 10

	
	[2,10]
	Figure 22
	Figure 25
	Figure 28



Table 3 Simulation results for MIMO-4layer
	BW
	5MHz
	10MHz
	15MHz

	TRS-burst pattern in time
	DMRS pattern
	
	
	

	[3,10]
	[2,5]
	Figure 11	
	Figure 14
	Figure 17

	
	[2,10]
	Figure 29
	Figure 32
	Figure 35

	[3,5,7,9]
	[2,5]
	Figure 12
	Figure 15
	Figure 18

	
	[2,10]
	Figure 30
	Figure 33
	Figure 36

	[3,10,17,24]
	[2,5]
	Figure 13
	Figure 16
	Figure 19

	
	[2,10]
	Figure 31
	Figure 34
	Figure 37



From these simulation results, we can see that TRS-pattern of [3,10,17,24] provide the closest to genie-tracking throughput performance across different BW choices and DMRS patterns. Based on this observation, we reach the following proposal.
Proposal 5: The following TRS parameters are proposed as a baseline for connected state UE for non-HST condition. Further study may suggest tighter TRS requirements.
· X = 2 for 30KHz SCS
· TRS subcarrier spacing (S_f): <=4
· TRS symbol spacing (S_t): 6 or 7 for 30KHz SCS
· Number of symbols per TRS (N):  4
· TRS bandwidth (B): at least 10MHz
Conclusions 
We have provided further simulation results on performance impact due to TRS and have made the following proposals:

Proposal 1: For tracking RS, at least 1/4 RS density in frequency should be guaranteed to allow robust TTL. 
· Staggering pattern across different symbols may be considered to further improve the maximum resolvable delay spread.
Proposal 2: Tracking RS has one port per TRP in case multi-TRP transmission is used. 
Proposal 3: Consider the design of Tracking RS with the following signaling requirement
· It can be turned off when there is no UE in connected mode
· It is periodically transmitted once configured
Proposal 4: Consider aperiodic TRS in the beginning of CDRX paired with the grant or grant indicator [7].
Proposal 5: The following TRS parameters are proposed as a baseline for connected state UE for non-HST condition. Further study may suggest tighter TRS requirements.
· X = 2 for 30KHz SCS
· TRS subcarrier spacing (S_f): <=4
· TRS symbol spacing (S_t): 6 or 7 for 30KHz SCS
· Number of symbols per TRS (N):  4
· TRS bandwidth (B): at least 10MHz
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Appendix

[bookmark: _Ref481837858]Table 4 Simulation setup
	Parameter
	Value

	Channel profile
	TDL-C 300ns, 100Hz Doppler (Jakes)

	Number of BTS antennas
	4

	Number of UE antennas
	4

	Number of RBs
	48

	PRB bundle size
	4

	Transmission scheme
	MIMO with 3 layers and 4 layers

	Channel coding
	Turbo code

	subcarrier spacing
	30KHz

	DMRS Pattern
	[2,5] DMRS resides at symbol2 and symbol5
[2,10] DRMS resides at symbol2 and symbol 10

	PDSCH+DMRS location
	Symbol2 to symbol10




Throughput plots
DMRS [2,5] with 3-layer data 
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DMRS [2,5] with 4-layer data 
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DMRS [2,10] with 3-layer data 
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DMRS [2,10] with 4-layer data 
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