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1 Introduction
The agreement on TRS in NR ad-hoc #3 meeting has two,

· Support X=2 and N=2+2

· A slot containing SSB can be configured for TRS

The remaining issues on TRS are summarized as follows,

· TRS periodicity Y
· What’s the decision criterion for Y?
· Whether the smaller value of Y is applied to HST scenario
· TRS time domain pattern ( related to N and St  )
· Whether N=3+1 should be supported
· TRS symbol position in each slot

· Whether TRS symbol position should be the same in each slot of X=2
· Whether several TRS time domain patterns are defined for different slot format, including the case of TRS being TDMed with SSB in the same slot
· For HST scenario
· Whether N=3+2 is considered to support wider Doppler estimation range
· Whether TRS pattern is different when 4 DMRS symbols are configured
· TRS bandwidth B
· Whether the TRS bandwidth should be supported up to the bandwidth of the BWP
· TRS starting position in frequency domain if TRS BW is smaller than BW of a carrier/BWP

· The supported slot format ( by considering PDSCH region)
· Whether the delta adjustment on TRS periodicity is needed to avoid TRS on the unsupported slot format 
· Whether TRS is needed in idle mode

· Whether TRS needs to be configured on a BWP/carrier without SS block
· The relationship between SS burst, TRS, and DRX ON duration especially with longer DRX cycle
· Whether TRS is a realization of a CSI-RS
In this contribution, we provide the simulation results for determining the feasible TRS periodicity, and for explaining the wrapping around on Doppler spread estimation. And we further provide our views on the remaining issues.

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 TRS periodicity Y
The determination of TRS periodicity may consider

· The UE crystal’s frequency drift due to the temperature, and the operated carrier frequency and SCS
· The Doppler transition due to speed
· The asymmetric Doppler spectrum effect

As stated previously, we consider the frequency drift rate 0.16ppm/sec. TABLE 1 shows the frequency offset value during a period of time with a given frequency drift rate. The consideration on the 2nd and 3rd bullets in above is mainly for the HST scenario.
For the frequency drift due to the temperature effect to the UE crystal, the simulation is conducted to check the impact. The simulation setting is as follows

· The frequency offset is linearly increasing during the simulation time

· Use TRS for frequency offset estimation, St= 4 in the slot with TRS

· Using TRS for Doppler spread estimation is not applied. The BW of channel time domain interpolation filter is fixed with some margin for actual Doppler spread

· Using the PDSCH DMRS for frequency offset estimation is not applied
· For the loop filter coefficients of the tracking loop as shown in Appendix A.2, c2 is set 0. Set c1= 0.25 or 0.5 for simulation
Fig. 1 and 2 show the performance with different TRS periodicity under low mobility and carrier=5GHz. The MCS is fixed to 25. We use the performance without frequency drift as the benchmark, which is the red curve in the figures. As the loop filter bandwidth is larger (c1=0.5), the performance under different periodicities is closer to the red curve.
Adopting the larger loop filter bandwidth also means there is higher confidence on the raw estimate. In reality, the loop filter bandwidth is a time-varying manner, depending on the estimated SNR, the impact of NBI (narrowband interference) and so on. The field environment is actually more complicated than what we can simulate in the simulator. 
We tend to consider the performance of using a moderate loop filter bandwidth, say c1=0.25 as the guidance for determining the periodicity. Fig. 3 and 4 show the link adaptation results for carrier=5GHz and 2GHz respectively under SCS=15KHz. It is seen that, the performance gap is small relative to the reference curve on the periodicity=20ms and 40ms for carrier=5GHz and 2GHz respectively. 
In HST scenario the large Doppler transition occurs when the train passes through each RRH and passes through the middle of two RRHs. In the following evaluation, the distance between two RRHs is 500m for considering shorter CP on SCS=30KHz. Fig. 5a and Fig. 5b show the test scenario, where Dmin=50m and 5m are configured respectively. The speed is 500km/hr and hence the train takes 3.6s to move from one RRH to another one. The max Doppler shift of 1250Hz is reached by carrier=2.7GHz.
In the simulation we check the tracking trajectory and the corresponding impact to the demodulation performance during the time period of 3s to 4.2s. The high MCS is considered because of the stronger strength of the received signal when approaching a RRH. Fig. 6 to Fig. 10 show the performance, where we have the following observations,
· The Doppler transition time is shorter and abrupt when Dmin is smaller
· For Dmin=50m case, the TRS=20ms can avoid the jumping BLER

· For Dmin=5m case, there is difficult in tracking the Doppler transition by TRS >=20ms, even with larger tracking loop filter BW
· In Fig. 9h for Dmin=5m, even with larger tracking loop filter BW (c1=0.5) and TRS=10ms, the jumping BLER still happens
· In Fig. 9i for Dmin=5m, the jumping BLER disappears if the UE intentionally leaves larger margin on the BW of the channel time domain interpolation filter
After passing through the RRH, the Doppler transition doesn’t happen until approaching the middle of two RRHs. In other words, the TRS periodicity needs to be short during the period of time with Doppler transition and the TRS periodicity can be longer when the train is not approaching the RRH or the middle of two RRHs. 
The Doppler transition also depends on Dmin. The periodicity of 20ms looks sufficient for Dmin=50m. For the case of Dmin=5m, the TRS periodicity of 10ms can be considered to avoid the jumping BLER for high MCS transmission. Note that, the above evaluation is based on max Doppler shift=1250Hz.
So based on the above, we have,
Observation 1: With the moderate tracking loop filter bandwidth, the TRS periodicity 20ms is suitable for SCS=15KHz in carrier=5GHz

Observation 2: With the moderate tracking loop filter bandwidth, the TRS periodicity 40ms is suitable for SCS=15KHz in carrier=2GHz

Observation 3: In HST scenario, the TRS periodicity needs to be short during the Doppler transition region, which is to pass through the RRH or through the middle of two RRHs 

Observation 4: In HST scenario with Dmin=50m and max Doppler shift=1250Hz, the periodicity of 20ms looks sufficient for high MCS transmission

Observation 5: In HST scenario with Dmin=5m and max Doppler shift=1250Hz, the periodicity of 10ms, with the additional UE implementation effort, can avoid the jumping BLER at high MCS during Doppler transition
Proposal 1: Consider the TRS periodicity of 20ms for SCS=15KHz in carrier=5GHz

Proposal 2: Consider the TRS periodicity of 40ms for SCS=15KHz in carrier=2GHz

Proposal 3: Consider the TRS periodicity of 10ms for SCS=30KHz with max Doppler shift=1250Hz

	freq drift rate=

0.16ppm/sec
	5ms
	10ms
	20ms
	40ms
	80ms

	5.0GHz
	4Hz
	8Hz
	16Hz
	32Hz
	64Hz

	4.0GHz
	3.2Hz
	6.4Hz
	12.8Hz
	25.6Hz
	51.2Hz

	3.5GHz
	2.8Hz
	5.6Hz
	11.2Hz
	22.4Hz
	44.8Hz

	2.7GHz
	2.2Hz
	4.4Hz
	8.8Hz
	17.6Hz
	35.2Hz

	2.0GHz
	1.6Hz
	3.2Hz
	6.4Hz
	12.8Hz
	25.6Hz


TABLE 1: amount of frequency drift in a period of time due to temperature change
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Fig. 1: Doppler=15Hz, SCS=15KHz, carrier=5GHz, MCS=25,   Fig. 2: Doppler =15Hz, SCS=15KHz, carrier=5GHz, MCS=25
     c1=0.25                                            c1=0.5  
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 Fig. 3a: Doppler=15Hz, SCS=15KHz, carrier=5GHz,         Fig. 3b: relative throughput comparison 
      link adaptation, c1=0.25
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Fig. 4a: Doppler=5Hz, SCS=15KHz, carrier=2GHz,             Fig. 4b: relative throughput comparison 

      link adaptation, c1=0.25
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 Fig. 5a: test scenario 1: Ds=500m, Dmin=50m                Fig. 5b: test scenario 2: Ds=500m, Dmin=5m
        check performance between 3s~4.2s                       check performance between 3s~4.2s 
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 Fig. 6a: TRS=40ms, MCS=19, Ds=500m, Dmin=50m       Fig. 6b: TRS=20ms, MCS=19, Ds=500m, Dmin=50m
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 Fig. 6c: tracking and BLER trajectory on c1=0.25, TRS=40ms      Fig. 6d: tracking and BLER trajectory for c1=0.5, TRS=40ms
      


Fig. 6: Performance of different TRS periodicity for MCS=19, Ds=500m, Dmin=50m
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 Fig. 7a: TRS=40ms, MCS=23, Ds=500m, Dmin=50m       Fig. 7c: tracking and BLER trajectory on c1=0.25, TRS=40ms
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 Fig. 7b: TRS=20ms, MCS=23, Ds=500m, Dmin=50m       Fig. 7d: tracking and BLER trajectory on c1=0.25, TRS=20ms



Fig. 7: Performance of different TRS periodicity for MCS=23, Ds=500m, Dmin=50m
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  Fig. 8a: TRS=40ms, MCS=19, Ds=500m, Dmin=5m       Fig. 8c: tracking and BLER trajectory on c1=0.5, TRS=40ms
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  Fig. 8b: TRS=20ms, MCS=19, Ds=500m, Dmin=5m       Fig. 8d: tracking and BLER trajectory on c1=0.5, TRS=20ms 



Fig. 8: Performance of different TRS periodicity for MCS=19, Ds=500m, Dmin=5m
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  Fig. 9a: TRS=40ms, MCS=23, Ds=500m, Dmin=5m       Fig. 9b: TRS=20ms, MCS=23, Ds=500m, Dmin=5m
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  Fig. 9c: TRS=10ms, MCS=23, Ds=500m, Dmin=5m
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 Fig. 9d: tracking and BLER trajectory on c1=0.25, TRS=40ms      Fig. 9e: tracking and BLER trajectory on c1=0.5, TRS=40ms
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 Fig. 9f: tracking and BLER trajectory on c1=0.5, TRS=40ms       Fig. 9g: tracking and BLER trajectory on c1=0.5, TRS=20ms
        wider CE BW                                           wider CE BW
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 Fig. 9h: tracking and BLER trajectory on c1=0.5, TRS=10ms      Fig. 9i: tracking and BLER trajectory on c1=0.5, TRS=10ms
                                                            Wider CE BW



  Fig. 9: Performance of different TRS periodicity for MCS=23, Ds=500m, Dmin=5m
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Fig. 10a: TRS=40ms, MCS=23, Ds=500m, Dmin=5m
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 Fig. 10b: tracking and BLER trajectory on                     Fig. 10c: tracking and BLER trajectory on
         c1=0.25, c2=0.025, TRS=40ms                             c1=0.5, c2=0.05, TRS=40ms, wider CE BW 
         Overshooting is observed                                 Overshooting is observed



Fig. 10: Performance by enabling c2 path in A.2 for MCS=23, Ds=500m, Dmin=5m
4 TRS time domain pattern (related to N and St)
It has been agreed to support X=2 and N=2+2. The time domain pattern is used for frequency offset estimation and Doppler spread estimation. Fig. 11a shows the general TRS time domain structure for N=2+2, where there are 3 symbol spacing values, St1, St2 and St3.
We have pointed out that for some time domain patterns, the estimated Doppler spread maybe wrapped around so that it is misdetected as low Doppler when the actual Doppler is high, as shown in Fig. 18 to 20. It is the consequence of designing the TRS with longer time span for better resolution under limited RS number.
The three symbol spacing values, St1, St2 and St3 will determine the accuracy and range of frequency offset estimation, and the resolution and range of Doppler spread estimation. The smaller spacing denotes the wider resolvable range, and the larger spacing can provide better resolution and accuracy. Therefore the trade-off is needed.
So the problem can be reformulated as,

·  What are the proper values of St1, St2 and St3 to facilitate frequency offset estimation and Doppler spread estimation in terms of sufficient accuracy, resolution and range?

The TRS location is also subjected to the DMRS location when the TDM between TRS and DMRS are considered. The design principles that we consider include
· St1 >=4, St3 >=4
· Provide better frequency offset estimation accuracy than using PBCH DMRS

· Use TRS #1 and #2 as the first shot on frequency offset estimation in slot n. Compensate the frequency offset at pre-FFT in slot n+1

· In slot n+1, after the pre-FFT frequency compensation, use TRS #3 and #4 as the second shot on frequency offset estimation

· We strongly prefer both St1 and St3 >= 4. The accuracy improvement is more significant based on previous study
· St1 is not necessarily equal to St3 
· St3 can be larger than St1 to provide more accurate estimation, since the resolvable range can be smaller after the frequency compensation in slot n+1 by using the frequency estimation in slot n
· St2 and St3 > St1 
· In this way, it is possible that the wider resolvable range and the improved resolution can be simultaneously handled for Doppler spread estimation
We consider the TRS time domain patterns in Fig. 13, 16 and 17 for further down-selection. The pattern is designed for the two consecutive slots with PDSCH region up to symbol 12 or 13. So the TRS is not placed in symbol 13.

The pattern with St=[4 7 7] in Fig. 17 meets the above 3 design principles. The patterns with St=[4 10 4] and St=[4 7 4] respectively in Fig. 13 and 16, meet the first bullet.
The pattern with St=[4 10 4] in Fig. 13, is believed to be the most ordinary one among the three candidates. The TRS symbol location is the same in two consecutive slots. The main concern on this pattern is the misdetection on Doppler spread, as shown in Fig. 18b and 20b.
So with the modification on St2, the pattern with St=[4 7 4] should be able to provide wider resolvable range than the one with St=[4 10 4].

In previous meeting, we analyse the case of N=3+1 with St=[4 4 6]. It shows that the resolvable range is improved with shorter time span. The misdetection on the Doppler spread doesn’t appear as shown in Fig. 18c and 20c.
One concern on the pattern of N=3+1 is on the frequency offset estimation. In Fig. 11b, after the frequency compensation in pre-FFT is made in slot n+1, TRS #3 and #4 as second pair for frequency estimation will see different residual frequency offset. The solution is to apply the additional phase de-rotation in post-FFT to TRS #3 so that the residual frequency offset as seen in TRS #3 and #4 can be aligned. The second solution is not to make the frequency compensation until slot n+2.
The first solution may increase the implementation effort. The second solution looks feasible but it is not sure whether there is potential risk on demodulating slot n+1.
In our view, the pattern of N=3+1 is still a good candidate for resolving the misdetection on Doppler spread. The pattern in Fig. 14 also meets the first two bullets of design principles.
Another use case of N=3+1 could be that when the PDSCH region is smaller in second slot, allocating one symbol for TRS is a feasible solution.
Based on the above, we have,

Observation 6: There are 3 symbol spacing values for X=2 and N=2+2. The smaller spacing denotes the wider resolvable range, and the larger spacing can provide better resolution and accuracy. Therefore the trade-off is needed
Observation 7: For the case of N=3+1 with St=[4 4 6], the resolvable range is improved with shorter time span
Observation 8: One concern on the pattern of N=3+1 is on the frequency offset estimation. After the frequency compensation in pre-FFT is made in slot n+1, TRS #3 and #4 as second pair for frequency estimation will see different residual frequency offset

Observation 9: When the PDSCH region is smaller in second slot, allocating one symbol for TRS is a feasible solution. This could be the use case of N=3+1

Proposal 4: Consider TRS time domain patterns with St=[4 10 4], [4 7 4] and [4 7 7] for further down-selection, for the two consecutive slots with PDSCH region up to symbol 12 or 13
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Fig. 11a: General time domain TRS structure with 3 symbol spacing values for X=2 and N=2+2
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Fig. 11b: General time domain TRS structure with 3 symbol spacing values for X=2 and N=3+1

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

	St= 2
	+-3.5KHz
	+-7.0KHz
	+-14KHz

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

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

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


TABLE 2: Tracking range for different St
[image: image35.jpg]DMRS TRS




Fig. 12: St = [7 7 7] across two slots with N = 2+2 for performance comparison
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Fig. 13: St = [4 10 4] across two slots with N = 2+2 for performance comparison
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Fig. 14: St = [4 4 6] across two slots with N = 3+1 for performance comparison
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Fig. 15: St = [3 3 8 3 3] across two slots with N = 3+3 for performance comparison
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Fig. 16: St = [4 7 4] across two slots with N =2+2 for further evaluation
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Fig. 17: St = [4 7 7] across two slots with N =2+2 for further evaluation
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  Fig. 18a, St= [7 7 7] detection rate under Doppler = 750Hz      Fig. 18b, St= [4 10 4] detection rate under Doppler = 750Hz
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 Fig. 18c, St= [4 4 6] detection rate under Doppler= 750Hz        Fig. 18d, St= [3 3 8 3 3] detection rate under Doppler = 750Hz
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 Fig. 19a, St= [7 7 7] detection rate under Doppler = 1250Hz       Fig. 19b, St= [4 10 4] detection rate under Doppler = 1250Hz
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 Fig. 19c, St= [3 3 8 3 3] detection rate under Doppler = 1250Hz
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 Fig. 20a, St= [7 7 7] detection rate under Doppler= 1480Hz     Fig. 20b, St= [4 10 4] detection rate under Doppler= 1480Hz
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Fig. 20c, St= [4 4 6] detection rate under Doppler= 1480Hz       Fig. 20d, St= [3 3 8 3 3] detection rate under Doppler= 1480Hz                                                       
5 The supported slot format
The DMRS agreement says,
· For last PDSCH symbol at symbol 12 or 13
· DMRS at symbol 2, 11 or 3, 11

· DMRS at symbol 2, 7, 11 or 3, 7, 11

· DMRS at symbol 2, 3, 10, 11

· DMRS at symbol 2, 5, 8, 11

· For last PDSCH symbol at symbol 11

· DMRS at symbol 2, 9 or 3, 9

· DMRS at symbol 2, 6, 9 or 3, 6, 9

· DMRS at symbol 2, 3, 8, 9
· DMRS at symbol 2, 5, 8, 11
· For last PDSCH symbol at symbol 10
· DMRS at symbol 2, 9 or 3, 9

· DMRS at symbol 2, 6, 9 or 3, 6, 9

· DMRS at symbol 2, 3, 8, 9
· For last PDSCH symbol at symbol 9
· DMRS at symbol 2, 9 or 3, 9

· DMRS at symbol 2, 6, 9 or 3, 6, 9
· For last PDSCH symbol at symbol 8

· DMRS at symbol 2, 7 or 3, 7
When TDM is considered between DMRS and TRS, the available symbols for TRS are
· For last PDSCH symbol at symbol 12 or 13

· TRS can be at symbol 4, 6, 9, 12

· For last PDSCH symbol at symbol 11

· TRS can be at symbol 4, 7, 10

· For last PDSCH symbol at symbol 10

· TRS can be at symbol 4, 5, 7, 10

· For last PDSCH symbol at symbol 9
· TRS can be at symbol 4, 5, 7, 8
· For last PDSCH symbol at symbol 8

· TRS can be at symbol 4, 5, 6, 8
If we consider the 4 DMRS symbols at symbol 2, 5, 8, 11 as a particular case for high speed train scenario operated at higher carrier frequency, and therefore the corresponding TRS pattern can be further designed. By removing the constraint on not to use symbol 5 and 8, the available symbols for TRS are

· For last PDSCH symbol at symbol 12 or 13

· TRS can be at symbol 4, 5, 6, 8, 9, 12

· For last PDSCH symbol at symbol 11

· TRS can be at symbol 4, 5, 7, 10, 11
· For last PDSCH symbol at symbol 10

· TRS can be at symbol 4, 5, 7, 10

· For last PDSCH symbol at symbol 9

· TRS can be at symbol 4, 5, 7, 8

· For last PDSCH symbol at symbol 8

· TRS can be at symbol 4, 5, 6, 8
As mentioned earlier, we have strong preference on St >= 4. If symbol 4 is not considered for TRS due to the potential allocation of front loaded two-symbol DMRS at symbol 3 and 4 without any additional DMRS, St can be equal to 3 for the slot with last PDSCH symbol at 8, 9 or 10.
Then for N=2 and for the slot with different last PDSCH symbol location, we have the below candidates for St= 3 or 4
· For last PDSCH symbol at symbol 12 or 13

· TRS can be at symbol 5 and 9

· TRS can be at symbol 8 and 12

· For last PDSCH symbol at symbol 11

· TRS can be at symbol 7 and 11
· For last PDSCH symbol at symbol 10

· TRS can be at symbol 7 and 10

· For last PDSCH symbol at symbol 9

· TRS can be at symbol 5 and 8

· For last PDSCH symbol at symbol 8

· TRS can be at symbol 5 and 8
Based on the above, it is feasible that TRS can be allocated at the slot format with different PDSCH region. Furthermore, in X=2 and if the second TRS slot has small PDSCH region, and if the first slot has larger PDSCH region, and if TRS overhead is the concern, N = 1 can be applied to the second TRS slot.

Then we have,
Observation 10: It is feasible that TRS can be allocated at the slot format with different PDSCH region based on the DMRS agreement. Furthermore, in X=2 and if the second TRS slot has small PDSCH region, and if the first slot has larger PDSCH region, and if TRS overhead is the concern, N = 1 can be applied to the second TRS slot
Proposal 5: For N= 2 and for the slot with different last PDSCH symbol location, we have the below candidates for St= 3 or 4
· For last PDSCH symbol at symbol 12 or 13

· TRS can be at symbol 5 and 9

· TRS can be at symbol 8 and 12

· For last PDSCH symbol at symbol 11

· TRS can be at symbol 7 and 11
· For last PDSCH symbol at symbol 10

· TRS can be at symbol 7 and 10

· For last PDSCH symbol at symbol 9

· TRS can be at symbol 5 and 8

· For last PDSCH symbol at symbol 8

· TRS can be at symbol 5 and 8
6 The relationship between SS burst, TRS, and DRX ON duration especially with longer DRX cycle
This section has been stated in our previous contribution. 
In our view, SS burst is very suitable for coarse synchronization. The symbol spacing of 2 on PBCH DMRS can provide sufficiently large tracking range. However the accuracy is of the concern.
The DRX ON duration can be arranged after the occurrence of a SS burst, also shown in Fig. 21. The 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 the tracking continues by using TRS in the following two slots.
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 a number of slots. It is shown in Fig. 22. As such, the constraint is reduced.
Configuring aperiodic TRS before DRX ON duration could also be the solution. However, the rate matching for other UEs could be the concern. We suggest both the periodic and aperiodic TRS configuration can be considered for longer DRX cycle. It is up to the network operations.
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Fig. 21, TRS alignment with SS blocks before DRX ON
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Fig. 22, TRS timing offset from SS blocks to increase DRX ON scheduling

Observation 11: Configuring aperiodic TRS before DRX ON duration could also be the solution. However, the rate matching for other UEs could be the concern

Proposal 6: Both periodic and aperiodic TRS configuration can be considered for longer DRX cycles. It is up to the network operations
7 TRS bandwidth B
This section has been stated in our previous contribution. 

The around 24 and 50 RBs as TRS bandwidth have been agreed. The resolution/granularity by 50 RBs under SCS=15KHz is around 0.1 us. It is very sufficient for delay spread and time delay estimation.

Whether the TRS bandwidth should be supported up to the bandwidth of the BWP needs to consider the RS overhead, especially when the comb-4 structure has been agreed for TRS in frequency domain.
Based on the above, we have,

Observation 12: The resolution/granularity by 50 RBs under SCS=15KHz is around 0.1 us. It is very sufficient for delay spread and time delay estimation. The higher resolution doesn’t improve the performance
Observation 13: The RS overhead is the concern if TRS bandwidth is supported up to the bandwidth of the BWP, when the comb-4 structure has been agreed for TRS in frequency domain

Proposal 7: TRS bandwidth of up to the bandwidth of BWP is not considered due to the RS overhead concern

8 Whether TRS needs to be configured on a BWP/carrier without SS block

This section has been stated in our previous contribution. 

We support that TRS needs to be configured when the SS block is not on a BWP/carrier.

The carrier without SS block may happen in intraband non-contiguous case. Fig. 23 shows the receiver of one LNA and two mixers for intraband non-contiguous CA. Basically it is two RF chains in the receiver. So having the RS for synchronization/tracking on each carrier/BWP can ensure the robustness of the receiver performance.
If the serving cells are not co-located, for example, the operator would like to deploy non-co-located intraband non-contiguous CA at B3, the RS for synchronization/tracking is definitely needed in each carrier.
Based on the above, we have,

Observation 14: For intraband non-contiguous CA, the receiver applies one LNA and two mixers for signal reception. Basically it is two RF chains
Proposal 8: TRS needs to be configured when the SS block is not on a BWP/carrier, to ensure the robustness of the receiver performance
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     Fig. 23, Receiver of one LNA, two mixers architecture for intraband non-contiguous CA

9 Conclusion
Based on the above, we have

Observation 1: With the moderate tracking loop filter bandwidth, the TRS periodicity 20ms is suitable for SCS=15KHz in carrier=5GHz

Observation 2: With the moderate tracking loop filter bandwidth, the TRS periodicity 40ms is suitable for SCS=15KHz in carrier=2GHz

Observation 3: In HST scenario, the TRS periodicity needs to be short during the Doppler transition region, which is to pass through the RRH or through the middle of two RRHs 

Observation 4: In HST scenario with Dmin=50m and max Doppler shift=1250Hz, the periodicity of 20ms looks sufficient for high MCS transmission

Observation 5: In HST scenario with Dmin=5m and max Doppler shift=1250Hz, the periodicity of 10ms, with the additional UE implementation effort, can avoid the jumping BLER at high MCS during Doppler transition

Observation 6: There are 3 symbol spacing values for X=2 and N=2+2. The smaller spacing denotes the wider resolvable range, and the larger spacing can provide better resolution and accuracy. Therefore the trade-off is needed

Observation 6: There are 3 symbol spacing values for X=2 and N=2+2. The smaller spacing denotes the wider resolvable range, and the larger spacing can provide better resolution and accuracy. Therefore the trade-off is needed

Observation 7: For the case of N=3+1 with St=[4 4 6], the resolvable range is improved with shorter time span

Observation 8: One concern on the pattern of N=3+1 is on the frequency offset estimation. After the frequency compensation in pre-FFT is made in slot n+1, TRS #3 and #4 as second pair for frequency estimation will see different residual frequency offset

Observation 9: When the PDSCH region is smaller in second slot, allocating one symbol for TRS is a feasible solution. This could be the use case of N=3+1

Observation 10: It is feasible that TRS can be allocated at the slot format with different PDSCH region based on the DMRS agreement. Furthermore, in X=2 and if the second TRS slot has small PDSCH region, and if the first slot has larger PDSCH region, and if TRS overhead is the concern, N = 1 can be applied to the second TRS slot

Observation 11: Configuring aperiodic TRS before DRX ON duration could also be the solution. However, the rate matching for other UEs could be the concern

Observation 12: The resolution/granularity by 50 RBs under SCS=15KHz is around 0.1 us. It is very sufficient for delay spread and time delay estimation. The higher resolution doesn’t improve the performance

Observation 13: The RS overhead is the concern if TRS bandwidth is supported up to the bandwidth of the BWP, when the comb-4 structure has been agreed for TRS in frequency domain

Observation 14: For intraband non-contiguous CA, the receiver applies one LNA and two mixers for signal reception. Basically it is two RF chains

Proposal 1: Consider the TRS periodicity of 20ms for SCS=15KHz in carrier=5GHz

Proposal 2: Consider the TRS periodicity of 40ms for SCS=15KHz in carrier=2GHz

Proposal 3: Consider the TRS periodicity of 10ms for SCS=30KHz with max Doppler shift=1250Hz

Proposal 4: Consider TRS time domain patterns with St=[4 10 4], [4 7 4] and [3 7 7] for further down-selection, for the two consecutive slots with PDSCH region up to symbol 12 or 13 

[image: image55.jpg]DMRS

TRS

12

13





                  St= [4 10 4]
[image: image56.jpg]DMRS

TRS

12

13





                  St= [4 7 4]   

[image: image57.jpg]DMRS TRS




                  St= [4 7 7]

Proposal 5: For N= 2 and for the slot with different last PDSCH symbol location, we have the below candidates for St= 3 or 4

· For last PDSCH symbol at symbol 12 or 13

· TRS can be at symbol 5 and 9

· TRS can be at symbol 8 and 12

· For last PDSCH symbol at symbol 11

· TRS can be at symbol 7 and 11
· For last PDSCH symbol at symbol 10

· TRS can be at symbol 7 and 10

· For last PDSCH symbol at symbol 9

· TRS can be at symbol 5 and 8

· For last PDSCH symbol at symbol 8

· TRS can be at symbol 5 and 8
Proposal 6: Both periodic and aperiodic TRS configuration can be considered for longer DRX cycles. It is up to the network operations

Proposal 7: TRS bandwidth of up to the bandwidth of BWP is not considered due to the RS overhead concern

Proposal 8: TRS needs to be configured when the SS block is not on a BWP/carrier, to ensure the robustness of the receiver performance
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A.1: Reference architecture for Doppler spread estimation
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A.2: Reference architecture for frequency offset estimation

	acceleration

a = 4.5m/s2
	20ms
	40ms
	80ms

	5.0GHz
	50/3*4.5*20e-3= 1.5Hz
	50/3*4.5*40e-3= 3Hz
	50/3*4.5*80e-3= 6Hz

	4.0GHz
	40/3*4.5*20e-3= 1.2Hz
	40/3*4.5*40e-3= 2.4Hz
	40/3*4.5*80e-3= 4.8Hz

	2.7GHz
	9*4.5*20e-3= 0.81Hz
	9*4.5*40e-3= 1.62Hz
	9*4.5*80e-3= 3.24Hz

	2.0GHz
	20/3*4.5*20e-3= 0.6Hz
	20/3*4.5*40e-3= 1.2Hz
	20/3*4.5*80e-3= 2.4Hz


Amount of Doppler shift change in a period of time due to change of speed

          ( Note: Doppler shift = carrier freq x speed/light speed

                Speed change during a period: a value* period 

        a=4.5 m/s2 ( it takes 6 seconds for a vehicle to accelerate from 0 km/hr to 97.2 km/hr)
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