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Discussion
1 Introduction
There is progress on the proper values of the 6 TRS parameters in previous meeting [1]. Also there are more issues to be discussed for further analysis. In this contribution, we would like to focus on the issues listed below,
· What is the feasible time domain pattern for Doppler spread estimation
· Impact of TRS symbol location to Doppler spread estimation
· Feasibility on using PBCH DMRS+ NR-SSS
· Tracking performance analysis for long DRX cycle
· Further down-selection on TRS parameter values
· TRS for multi-beam transmission

· TRS for wider bandwidth operations

· Connection between TRS and CSI-RS for beam management
And finally, our proposals are given.

2 Definition of the TRS parameters 
The 6 parameters defined in the WF[1] are
· X: the length of TRS burst in terms of number of 14-symbol slots
· Y: the TRS burst periodicity in ms
· 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      
3 What is the feasible time domain pattern for Doppler spread estimation
4.1 Impact of TRS symbol location to Doppler spread estimation 

The Doppler spread estimation is essential for the UE to determine the proper coefficients for channel estimation/interpolation in time domain of post-FFT. Based on the channel model defined in 36.101, Fig. 1 shows the 300Hz Doppler spectrum which is dumped from the link level simulator.
It is easier to observe the channel impulse response at pre-FFT, due the wideband-allocated TRS in frequency domain of post-FFT. The Doppler spectrum can also be observed, as long as the number of TRS allocated along the time domain of post-FFT is sufficiently large, like CRS in LTE. This also implies that a TRS burst should be spanned over several consecutive slots and should be uniformly spaced.
To request explicit observation on the Doppler spectrum will induce the burden on NR RS design. Based on the agreement in previous meeting that the TRS burst X being considered is 1 or 2, the reference architecture for the implicit observation on the Doppler spectrum is shown in Fig. 2. In our evaluation, the well-known Wiener filter is applied to Doppler spread estimation, as shown in Fig. 3.
So, the exact Doppler spread value is not estimated. Instead, several Doppler spread ranges are identified. The Wiener filter is designed such that different sets of coefficients can cover different Doppler spread ranges.
The TRS symbol location needs to be determined in order for Wiener filter design. We consider that,

· TRS is not FDMed with DMRS 
· TRS can be FDMed with CSI-RS

· TRS can be FDMed with PDSCH

· TRS doesn’t appear at control channel region

Frankly speaking, it is not easy to uniformly allocate TRS in time domain of post-FFT by the above constraints. The considered DMRS symbols are at symbol 2, 3, 4, 7, 10 and 11, which is illustrated in our companion paper [2]. Fig. 6 and 7 are the candidates of TRS symbol location for our evaluation of Doppler spread estimation.
For TRS symbol location in Fig. 6, the considered usage is,
· Take symbol 5 and 8 as a pair, and symbol 9 and 12 as another pair for frequency offset estimation

· As X=2, take symbol 5 and 12 from two slots for Doppler spread estimation

· As X=1, take symbol 5, 8, 9 and 12 for Doppler spread estimation

For TRS symbol location in Fig. 7, the considered usage is,

· Take symbol 5 and 8 as a pair, and symbol 6 and 9 as another pair for frequency offset

· As X=2, take symbol 5 and 9 from two slots for Doppler spread estimation

· As X=1, take symbol 5, 6, 8 and 9 for Doppler spread estimation

So totally there are 4 types of TRS allocation in time domain for Doppler spread estimation, as further shown in Fig. 8~11. In the following, we conduct the experiments to analyse the TRS symbol location impact to the resolution and the accuracy.

There are 6 Wiener filter coefficient sets to cover the range of 0-100Hz, 100-200Hz, 200-300Hz, 300-400Hz, 400-500Hz and 500Hz-600Hz, for SCS=15KHz. The coefficients are derived based on each TRS symbol location candidate.
There are 7 statistical curves for each candidate, as shown in Fig. 13~16. The ideal Doppler spread values are 100, 200, 300, 400, 500, 600 and 700Hz. We observe that,
· The TRS allocation with large time span (X=2) can provide better estimation accuracy than the ones with X=1. It means the resolution is better with large time span
· The resolvable range is narrower when the time span is large. For the case of ideal Doppler spread = 700Hz, the probability of being estimated as between 0-100Hz is not negligible for the candidates with X=2
· The non-uniformly spaced TRS allocation in feasible. When there is constraint on the TRS multiplexing with other reference signals, it is very challenging that TRS can be uniformly spaced in time domain
3.2  Feasibility on using PBCH DMRS+ NR-SSS for Doppler spread estimation
PBCH DMRS can be described by TRS parameters as, St= 2, Sf= 4, X= 1, Y= 20, N= 2 and B= 24. Similarly, the TRS parameters for PBCH DMRS with NR-SSS together are St= 1, Sf= 4, X= 1, Y= 20, N= 3 and B= 12, when the data-aided approach from PBCH is not considered. We can apply the same method for TRS to PBCH DMRS+ NR-SSS in order to evaluate the Doppler spread estimation accuracy.
The time span of PBCH DMRS + NR-SSS could be too short to distinguish the Doppler spread. The speculation can be justified by observing the Wiener filter response. Fig. 17 and 18 show the filters to cover 0-100Hz and 100-200Hz respectively, for St= [4 10 4] of across 2 slots. The covered range is realized by designing 30dB suppression on +/- 100Hz and +/- 200Hz.
Fig. 19 is the filter response for PBCH DMRS + NR-SSS in Fig. 12. This is the narrowest filter based on the design constraint. It means, it is not distinguishable at the filter output when Doppler spread is within 500Hz.
Observation 1: PBCH DMRS+ NR-SSS, or PBCH DMRS alone are not capable for Doppler spread estimation, due to the small time span 
Observation 2: It is feasible to allow non-uniformly spaced TRS symbols in time domain for Doppler spread estimation

Proposal 1: Consider X=2 for Doppler spread estimation

Proposal 2: Consider non-uniformly spaced TRS symbols in time domain, to reduce constraint on allocating other types of RS
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Fig. 1, Doppler spectrum of 300Hz from 36.101 channel model (R4-151611)
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        Fig. 2, Reference architecture for Doppler spread estimation
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 Fig. 3, 4-tap Wiener filter        Fig. 4, 2-tap Wiener filter        Fig. 5, 3-tap Wiener filter
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Fig. 6, candidate 1 of TRS symbol location
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Fig. 7, candidate 2 of TRS symbol location
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Fig. 8, TRS spacing values in 3 gaps across two slots, St = [ 7 7 7 ]
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Fig. 9, TRS spacing values in 3 gaps across two slots, St = [ 4 10 4 ]
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Fig. 10, TRS spacing values in 3 gaps in one slot, St = [ 3 1 3 ]
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Fig. 11, TRS spacing values in 3 gaps in one slot, St = [ 1 2 1 ]
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Fig. 12, TRS spacing values in 2 gaps in one slot, St = [ 1 1 ] to model PBCH DMRS+ NR-SSS
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 Fig. 13-1, ideal=100Hz         Fig. 13-2, ideal=200Hz          Fig. 13-3, ideal=300Hz
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  Fig. 13-4, ideal=400Hz        Fig. 13-5, ideal=500Hz           Fig. 13-6, ideal=600Hz
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    Fig. 13-7, ideal=700Hz
        Fig. 13, Estimation performance for TRS candidate with St= [7 7 7] across two slots
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Fig. 14-1, ideal=100Hz         Fig. 14-2, ideal=200Hz          Fig. 14-3, ideal=300Hz
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Fig. 14-4, ideal=400Hz         Fig. 14-5, ideal=500Hz          Fig. 14-6, ideal=600Hz
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Fig. 14-7, ideal=700Hz
Fig. 14, Estimation performance for TRS candidate with St= [4 10 4] across two slots
[image: image27.png]100

a0

80

Percentage
8 &8 8 3 3

10

1, spacing=[ 3 1 3] in one siot, real Doppler spread=100Hz, SNR=2508

Index 0: 0-100Hz
Index 1 T00+200Hz
Index 2: 200~300Hz
Index. 3: 300-400Hz
Index 4: 400~500Hz
Index 5: 500~600Hz

1 2 3

estinated Doppler spread range

7l




 [image: image28.png]1, spacing=[ 3 1 3] in one siot, real Doppler spread=200Hz, SNR=2508

100 B H i
ndex 0: 0~100Hz
0 g : N 1:100-200Hz
Index 2: 200-300Hz
80 . Incex.3; 300-400Hz
Index 4: 400-500Hz
Index 5: 500-500Hz
70
2 60
£
8 s0
&
40
30
20
10
]

1

2 3
estinated Doppler spread range

7l




 [image: image29.png]1, spacing=[ 3 1 3] in one siot, real Doppler spread=300Hz, SNR=2508

100 : : ]
Index 0 0-100Hz
%0 e 1 T00-200Hz
Index 2 200-300Hz
80| H Index 3: 300-400Hz
Index 4: 400-500Hz
o Index 5. 500-600Hz
2 60
£
8 s
&
40
30
20
10

1 2 3

estinated Doppler spread range

7l




Fig. 15-1, ideal=100Hz         Fig. 15-2, ideal=200Hz          Fig. 15-3, ideal=300Hz
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Fig. 15-4, ideal=400Hz         Fig. 15-5, ideal=500Hz          Fig. 15-6, ideal=600Hz
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Fig. 15-7, ideal=700Hz
Fig. 15, Estimation performance for TRS candidate with St= [3 1 3 ] in one slot
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   Fig. 16-1, ideal=100Hz         Fig. 16-2, ideal=200Hz          Fig. 16-3, ideal=300Hz
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Fig. 16-4, ideal=400Hz         Fig. 16-5, ideal=500Hz          Fig. 16-6, ideal=600Hz
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Fig. 16-7, ideal=700Hz
Fig. 16, Estimation performance for TRS candidate with St= [1 2 1 ] in one slot
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 Fig. 17, filter response to cover 0-100Hz for St=[4 10 4]   Fig. 18, filter response to cover 100-200Hz for St=[4 10 4]
[image: image43.png]



 Fig. 19, narrowest filter based on St= [ 1 1]
4 Tracking performance analysis for long DRX cycle 
In our previous contribution [3], we’ve proposed that the ON duration can be scheduled after the occurrence of a SS burst, also shown in Fig. 24. TRS can be further allocated at the slots after a SS burst, before the starting point of ON duration. In this way, the PBCH DMRS can provide the first shot on frequency offset estimation/compensation, and TRS can further provide the second shot and even the third shot, if PBCH DMRS, TRS are QCLed with PDCCH and PDSCH.
It turns into a problem of comparing the frequency offset compensation performance by one shot, and more than one shot. TABLE 1 shows the mean squared root error for different number of shots, under frequency offset= 300Hz.
The first row in TABLE 1 is the error statistics based on PBCH DMRS property, where St= 2, Sf= 4, N= 2 and B= 24. Then the number for pairs for performing delay correlation is 72. The average number of 144 is to consider that when N=4 for TRS, the number of pairs is doubled.
The tracking performance is improved significantly with multiple shots when the SNR is middle or low. It is also desirable from UE implementation point of view that the tracking can be converged as much as possible before the starting point of ON duration. 
If the alignment of ON duration of DRX cycle with a SS burst occurrence is the constraint on the network side, especially for the long SS burst periodicity, the time offset of TRS transmission from the SS burst can be considered so that the starting point of the ON duration of DRX cycle can be aligned with the starting point of a TRS burst, or can be aligned with the starting point of a SS burst after Z slots. It is shown in Fig. 25. In this way, the constraint is reduced.
Proposal 3: The slots with TRS can be immediately after SS burst before the starting point of DRX ON duration to provide several shots for parameter estimation  

Proposal 4: The slots with TRS can consider to have timing offset from SS burst, and the starting point of DRX ON duration can also follow TRS

               TABLE 1, error statistics of frequency offset estimation

	
	SNR= 18dB
	SNR= 10dB
	SNR= 2dB 
	SNR= -6dB

	St= 2, avg num= 72

(PBCH DMRS)
	20Hz
	51Hz
	148Hz
	733Hz

	St= 3, avg num= 72

1 shot (1.0)
	14Hz
	34Hz
	107Hz
	576Hz

	St= 3, avg num= 72

2 shots (0.9 0.5)
	18Hz
	30Hz
	78Hz
	455Hz

	St= 3, avg num= 72

3 shots (0.9 0.5 0.3)
	13Hz
	22Hz
	65Hz

	435Hz

	St= 3, avg num= 72

4 shots (0.9 0.5 0.3 0.2)
	11Hz
	19Hz
	58Hz
	410Hz

	St= 3, avg num= 144

1 shot (1.0)
	11Hz
	27Hz
	85Hz
	441Hz

	St= 3, avg num= 144

2 shots (0.9 0.5)
	17Hz
	25Hz
	62Hz
	274Hz

	St= 3, avg num= 144

3 shots (0.9 0.5 0.3)
	12Hz
	18Hz
	51Hz
	289Hz

	St= 3, avg num= 144

4 shots (0.9 0.5 0.3 0.2)
	10Hz
	15Hz
	44Hz
	260Hz


[image: image44.png]Ste 2, num=72, 1 shot

(PBCH DMRS)

Ste 3, num=72, 1 shot
——— St= 3, nun=144, 1 shot
St= 3, num=144, 3 shots




  [image: image45.png]Ste 2, num=72, 1 shot
(PBCH DMRS)
Ste 3, num=72, 1 shot
———St= 3, num=144, 1 shot
Ste 3, num=144, 3 shots





  Fig. 20, error CDF for SNR= -6dB                Fig. 21, error CDF for SNR= 2dB
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  Fig. 23, error CDF for SNR= -6dB
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             Fig. 24, TRS alignment with SS blocks before DRX ON
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   Fig. 25, TRS timing offset from SS blocks to increase DRX ON scheduling

5 Further down-selection on TRS parameter values 
Based on previous agreement, the candidate values for the 6 parameter are listed below.

	Parameters:
	Candidates 

	X
	{1} or {2} or {1, 2}

	Y
	5ms, 10ms, 20ms, 40ms, 80ms;  < 5ms for HST scenario

	N
	2

4

1

	B
	~24 RBs assuming SCS=15KHz (FFS, for other SCS values)

 50 RBs assuming SCS=15KHz (FFS, for other SCS values)

	Sf
	4 (comb-4, similar to PBCH DMRS)

2 (comb-2, similar to PDSCH DMRS type 1)

6 (comb-6, similar to LTE CRS)

Note: not all the combinations of values for N, B and Sf are supported

	St
	Non-uniformly spaced
Uniformly spaced




Our preference is as follows, 
· (X, N, B, Sf) = (2, 4, 50, 4)

· (X, N, B, Sf) = (2, 2, 50, 2)  (Note: Need to make sure if TRS with Sf=2 can FDM with CSI-RS)

· (X, N, B, Sf) = (2, 4, 24, 4)

· (X, N, B, Sf) = (2, 4, 50, 6)  (Note: If there is issue for TRS/CSI-RS multiplexing, consider Sf=6)
Proposal 5: For further down-selection on the value sets, we consider (X, N, B, Sf) = (2, 4,50, 4), (2, 2,50, 2), (2, 4,24, 4) and (2, 4, 50, 6). Sf= 6 is considered if there is issue on TRS/CSI-RS multiplexing

6 TRS for multi-beam transmission 
The UE may receive several analog beams, each from different TRP by SFN deployment. Fig. 26 and 27 show the bi-directional and uni-directional SFN deployments, respectively for high speed train scenario. The SFN deployment is very common in HST case in order to improve the coverage. To ensure that the UE can estimate the composite channel profile, the TRS should be transmitted simultaneously and overlapped (collided) at the RE level, from the beams of the TPs. So, the TRS is QCLed with PDSCH.
The analog beam can be changed at different time. The analog beam, as it is changed, can also induce different time delay, delay spread, Doppler shift and even the Doppler spread from the UE observation. As mentioned above, the UE may receive several beams from the TRPs simultaneously. When one of the beam weighting is changed, the synchronization parameters could be changed.

As such, the TRS symbols in a TRS burst should be transmitted from the same set of analog beams to ensure the proper parameter estimation by the UE. The UE can take the TRS bursts transmitted with the same set of analog beams from different time occurrence to update the tracking loop. When one of the serving beams is changed, the UE may need to reset the tracking loop.
Proposal 6: TRS should be at least QCLed with PDSCH

Proposal 7: As the network changes the serving beam, consider to notify the UE to reset the tracking loop
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  Fig. 26, bi-directional RRH deployment           Fig. 27, uni-directional RRH deployment
7 TRS for wider bandwidth operations
The agreement in the agenda item of wider bandwidth operations said that,

Agreements:
· Usage scenario #4 in R1-1711795 is supported in the context of non-contiguous intra-band carrier aggregation

· Carrier without SS block can be configured for some UEs
Then a question arises, what is the basis for the UE to perform fine time and frequency tracking when SS block doesn't exist in the configured bandwidth part?

The second question is, after the UE retunes to the configured bandwidth part, how can the UE perform fine time and frequency tracking before data channel demodulation?

The intuitive solution for the first question is, the network can configure the periodic TRS on the corresponding bandwidth part to the UE for tracking purpose, when SS block doesn't exist. The periodic TRS information, including burst length (X), periodicity (Y), frequency domain pattern (Sf and B) and time domain pattern (St and N), can be delivered to the UE during the bandwidth part configuration phase.
For the second question, the synchronization after RF retuning is needed when the UE changes the center frequency to the configured bandwidth part. Then, the network can configure the periodic TRS on the corresponding bandwidth part to the UE during the bandwidth part configuration phase. And during the bandwidth part activation phase, the UE can follow the TRS occurrence of the corresponding bandwidth part to retune the RF earlier than the TRS occurrence. 
Proposal 8: TRS should be configured on the carrier without SS block 

8 Connection between TRS and CSI-RS for beam management
In previous meeting, it is agreed that, the CSI-RS resource with 1-port and 2-port for one OFDM symbol can be used for beam management. The agreement for 1-port is listed below. 
· CSI-RS resource with 1-port and 2-port for one OFDM symbol can be used for beam management

· Value of D>=1 represents RE/RB/port within a OFDM symbol.

· For the case of 1-port

· No CDM

· Subcarrier spacing within a PRB for D>1

· Even spacing

· Constant subcarrier spacing across PRB(s)

· Constant subcarrier spacing within a BWP

· FFS the values of D 

So basically, we can allow the same frequency domain pattern for TRS and CSI-RS for BM. The difference is, the time domain pattern in a TRS burst (X=1 or 2) is very critical for frequency offset estimation and Doppler spread estimation. Also the coherent combining is applicable to improve time delay and delay spread estimation accuracy when there are multiple TRS symbols within the coherent time period [3]. 

CSI-RS for BM, basically is more feasible on the time domain pattern. It is also possible that the CSI-RS for BM are transmitted at several consecutive OFDM symbols, so that the gNB can change the analog beam symbol by symbol for TX beam measurement. The gNB can also keep the same analog beam on several consecutive symbols for the UE to facilitate RX beam measurement.
Observation 3: It is feasible to have the same frequency domain pattern on TRS and CSI-RS for BM

Observation 4: TRS has critical constraint on time domain pattern to facilitate frequency offset and Doppler spread estimation. CSI-RS for BM basically is more feasible on the time domain pattern
9 Conclusion
Based on the above, we have

Observation 1: PBCH DMRS+ NR-SSS, or PBCH DMRS alone are not capable for Doppler spread estimation, due to the small time span 
Observation 2: It is feasible to allow non-uniformly spaced TRS symbols in time domain for Doppler spread estimation

Observation 3: It is feasible to have the same frequency domain pattern on TRS and CSI-RS for BM

Observation 4: TRS has critical constraint on time domain pattern to facilitate frequency offset and Doppler spread estimation. CSI-RS for BM basically is more feasible on the time domain pattern

Proposal 1: Consider X=2 for Doppler spread estimation

Proposal 2: Consider non-uniformly spaced TRS symbols in time domain, to reduce constraint on allocating other types of RS

Proposal 3: The slots with TRS can be immediately after SS burst before the starting point of DRX ON duration to provide several shots for parameter estimation  

Proposal 4: The slots with TRS can consider to have timing offset from SS burst, and the starting point of DRX ON duration can also follow TRS

Proposal 5: For further down-selection on the value sets, we consider (X, N, B, Sf) = (2, 4,50, 4), (2, 2,50, 2), (2, 4,24, 4) and (2, 4, 50, 6). Sf= 6 is considered if there is issue on TRS/CSI-RS multiplexing

Proposal 6: TRS should be at least QCLed with PDSCH

Proposal 7: As the network changes the serving beam, consider to notify the UE to reset the tracking loop

Proposal 8: TRS should be configured on the carrier without SS block 
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