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[bookmark: _Toc415085486][bookmark: _Toc503902285]1	Introduction
The following agreements about TRS-based TDCP report was made during RAN1 #112bis-e [1]. [bookmark: OLE_LINK14]Agreement
For the Rel-18 TRS-based TDCP reporting, regarding the quantization of wideband normalized amplitude value, 
· At least the following size-Q quantization alphabet is supported:  where 
· TBD: supported value(s) of N (e.g.  or a larger value), Q, s (e.g. ½, ¼, 1/8, …), whether a center threshold is also supported (and if so, higher-layer configured)
· FFS: Whether different schemes can be supported for different use cases

[bookmark: OLE_LINK28]Agreement
For the Rel-18 TRS-based TDCP reporting, for TDCP measurement and calculation, confirm the following working assumption as an agreement with the following change
· KTRS ≥1 TRS resource set(s) can be configured in the CSI reporting setting when ReportQuantity is ‘tdcp’ 
· Note: the TRS resource set(s) configured for TDCP report do not impact or impose any new requirements on the UE behavior when processing TRS used as QCL type A/D source for reception of PDxCH.
· No further spec enhancement on TRS is supported 
· [All the TRS resources in the configured resource set(s) share the same RE locations]
· FFS: Whether to add further restrictions on the TRS resource set(s) on, e.g. QCL relationship, power control, [RE location], slot offset between TRS resource set(s), relation with resource set used for legacy usage  

[bookmark: OLE_LINK20][bookmark: OLE_LINK21][bookmark: _Hlk134518360][bookmark: OLE_LINK5][bookmark: OLE_LINK26] Agreement
For the Rel-18 TRS-based TDCP reporting,
· Support the following D (delay) values: 4 symbols, 1 slot, 2 slots, 3 slots, 4 slots, 5 slots
· Working assumption: Support the following D (delay) values in a separate UE Feature Group: 6 slots, 10 slots
FFS: The value of Dbasic
FFS: Applicability of each D value candidate for different SCS values and/or other parameters (e.g. Y, quantization)
[bookmark: OLE_LINK15]Agreement
For the Rel-18 TRS-based TDCP reporting, regarding the quantization of wideband normalized amplitude value, down-select (by RAN1#113) from the following candidates:
· [bookmark: OLE_LINK43]Alt1: N=2Q-1 where Q=5, s={1/5, ¼, 1/3} 
· Alt2: N=2Q where Q=3, s={¼, 1/3, ½, 2/3, ¾} 
· Alt3: N=2Q where Q=4, s={¼, ½, 2/3, ¾} 
· Alt4: N={2Q –1, …, 2Q+1 –1} (i.e., 7-15) where Q=3, s={1/5, ¼, 1/3, 2/5, ½, 3/5, 2/3, ¾, 4/5} 
· Alt4A: N={2Q , 2Q+0.5,…, 2Q+1-0.5} (i.e., 8, 8.5,…,15.5) where Q=3, s={1/5, ¼, 1/3, 2/5, ½, 3/5, 2/3, ¾, 4/5}
Once an alternative is selected, reducing the number of candidate values for s is not precluded. 
Companies can simulate each alternative with and without a configurable center threshold


[bookmark: OLE_LINK29]Agreement
For the Rel-18 TRS-based TDCP reporting, regarding the value of parameter Y, in addition to Y=1, support Y=2, 3, 4
· FFS: Whether Y=7 is also supported 

Agreement
For the Rel-18 TRS-based TDCP reporting, regarding phase quantization, down-select (by RAN1#113) from the following candidates:
· Alt1. 1-bit (early vs. late) phase indicator 
· Alt2. 3-bit (8-PSK) uniform quantization
· Alt3. 4-bit (16-PSK) uniform quantization (full reuse of Rel-16 eType-II W2 phase quantization)
· Alt4. Adaptive/gNB-configurable phase quantizer e.g. , where
· : legacy (Rel.16) based
· Linear: legacy -PSK 
· Exponential: legacy Rel.16 amplitude,  or 
·  a slope value from  depending on the amplitude ) of the 1st correlation (smallest delay), e.g. the slope decreases towards 0 as  increases towards 1 
· 
· [bookmark: OLE_LINK49]Alt5. A given correlation phase value  is quantized to  based on the following alphabet (where  denotes delay):      
· Alt6. A given correlation phase value  is quantized to  based on the following alphabet (where  denotes delay and p(.) denotes amplitude quantization values used for Rel-16 e-TypeII codebook and ): 
· Mode 1: ,     
· Mode 2:      
· The quantization mode is selected by UE and reported to gNB.
· Alt7. A given correlation phase value  is quantized to  based on the following alphabet: , with , . TBD value(s) of 
The evaluation should consider the impact of delay tracking operation at the UE where the phase difference between two slots can be close to zero.
Note: This proposal doesn’t preclude the UE supporting only smaller delay values (e.g. 4-symbol only) for the phase report (which is already optional)










In this contribution, we provide some views and simulation results about TRS-based TDCP reporting.
2 [bookmark: OLE_LINK76]TRS-based TDCP reporting
2.1 [bookmark: OLE_LINK52][bookmark: OLE_LINK48][bookmark: OLE_LINK31]Quantization of amplitude
There are first 3 candidates by RAN#112bis-e the quantized values of wideband normalized amplitude as below.
· Alt1: N=2Q-1 where Q=5, s={1/5, ¼, 1/3} 
· Alt2: N=2Q where Q=3, s={¼, 1/3, ½, 2/3, ¾} 
· Alt3: N=2Q where Q=4, s={¼, ½, 2/3, ¾} 
Where Q is number of bits for the quantization of amplitude which can define the range of quantized values, and s can tune granularity.
To evaluate the 3 candidates, we calculated and plot all values in the following figures. 
For each value of parameter s, Alt 1 contains the value of 0, and covers most of values from 0 to 1. Alt 2&3 can only uniformly cover part values, which is limited to suitable specific use case.
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[bookmark: OLE_LINK50]Figure-1. Quantization of normalized amplitude. 
Table-1. The maximum and minimum values of quantization for each s in these 3 alternatives. 
	[bookmark: OLE_LINK35]Alt 1
	Max. 
	Min. (expect 0)

	s = 1/5
	0.9318
	0.0830

	s = 1/4
	0.9954
	0.1591

	s = 1/3
	0.9992
	0.2063



	[bookmark: OLE_LINK37]Alt 2
	Max. 
	Min.

	s = 1/4
	0.7500
	0.1591

	s = 1/3
	0.8425
	0.2063

	[bookmark: OLE_LINK36]s = 1/2
	0.9375
	0.2929

	s = 2/3
	0.9752
	0.3700

	s = 3/4
	0.9844
	0.4054



	Alt 3
	Max. 
	Min.

	s = 1/4
	0.9375
	0.1591

	s = 1/2
	0.9752
	0.2063

	s = 2/3
	0.9994
	0.3700

	s = 3/4
	0.9998
	0.4054



[bookmark: OLE_LINK41]Observation 1. Alt 1 can cover the values of [0 1] in each value of s parameter, in special of values closed to 1. 
[bookmark: OLE_LINK38]Observation 2. For Alt 2 & 3, s={1/4, 1/3, 1/2} cover most of values, but s={2/3, ¾} would lose the amplitude smaller than 0.3. 
For use cases of R16 Type I & Type II codebook switching and SRS periodicity, threshold should be larger than 0.9. Therefore, it is better to chose fine resolution in [0.9, 1]. 
For other use cases, other values of amplitude (i.e. around 0.7, 0.5) might be reserved in advance. 
Alt 1 guarantees the precision in [0.9 1] and offers more values out of this area, even it is needed 1 more bit than Alt 2&3. 
[bookmark: OLE_LINK40][bookmark: OLE_LINK53]Proposal 1. Quantization of amplitude: support Alt 1, N=2Q-1 where Q=5, s={1/3}.
2. Quantization of phase
Due to TRS-based frequency and time synchronization every slot, reporting phase would be not uniform and close to 0. 
· Alt 5. A given correlation phase value  is quantized to  based on the following alphabet (where  denotes delay):      
[bookmark: OLE_LINK51]For Alt 5, we have quantized phase as below.
[image: ] [image: ]
Figure-2. Quantization of phase. 
Alt 5 is nonlinear quantization which is more suitable TDCP-reporting phase with CFO compensation. 
[bookmark: OLE_LINK54]Proposal 2. Quantization of phase:  support Alt 5, where Q=3. 
2.3 [bookmark: OLE_LINK137]TDCP parameters
[bookmark: OLE_LINK59]According to RAN1#112 [1], normalized time correlation has been agreed for TDCP reporting. Corresponding with various delays, the normalized time correlation values in specific UE velocities are following in Table-1. 
[bookmark: OLE_LINK133][bookmark: OLE_LINK44]Table-2. The values of normalized time correlation corresponding with various delays in specific UE velocities. 
Other relevant parameters are complied with Section 5.1. 
	UE velocity
	Max. Doppler Shift
	[bookmark: OLE_LINK127]Normalized time correlation 

	
	
	[bookmark: OLE_LINK60]Delay = 4 symbols
	Delay = 1 slot
	Delay = 5 slots
	Delay = 20 slots

	3 km/h
	9.72 Hz
	1.0000
	0.9992
	0.9942
	0.9229

	30 km/h
	97.22 Hz
	0.9976
	0.9711
	0.5189
	0.2198

	120 km/h
	388.89 Hz
	0.9657
	0.6873
	0.1715
	-0.0144



[bookmark: OLE_LINK7][bookmark: OLE_LINK144][bookmark: OLE_LINK82]Observation 3.  For given UE velocity, different delays result in different time correlations.
There are several results of previous simulations in [3]. Some latest results have been plotted in the below. 
Updated results of estimated Doppler compared with different velocities are seen as below. 

[bookmark: OLE_LINK68][bookmark: OLE_LINK19][bookmark: OLE_LINK134]Figure-2. SNR 0dB, UE velocity vs estimated Doppler spread by TD correlation over 100ns delay spread TDL-A. 

[bookmark: OLE_LINK70][bookmark: OLE_LINK106]Figure-3. SNR 30dB, UE velocity vs estimated Doppler spread by TD correlation over 100ns delay spread TDL-A. 
[bookmark: OLE_LINK93][bookmark: OLE_LINK84]Above figures has been illustrated that different lags between TRS pairs would take distinct performance with changing UE velocity, particularly in SNR0dB. 
[bookmark: OLE_LINK145][bookmark: OLE_LINK124]Observation 4. 20-slot delay has shown worse accuracy. Delay <= 5 slots can ensure the estimation for time variation of channel. 5-slot delay is better for smaller UE velocity (<=30km/h), whereas 1-slot delay is suitable in scenario of higher velocity.  
[bookmark: OLE_LINK139][bookmark: OLE_LINK143][bookmark: OLE_LINK120]For basic feature Y=1 with delay≤ Dbasic symbols, simulation results are shown that the compromised choice of Dbasic is 5 slots, then the estimated accuracy can be assured in various velocities.  For example, lower than roughly 30km/h, the choice in this scenario is 5-slot delay. 
[bookmark: OLE_LINK135][bookmark: OLE_LINK136][bookmark: OLE_LINK45][bookmark: OLE_LINK95][bookmark: OLE_LINK42][bookmark: OLE_LINK125]Proposal 3. For basic feature Y=1 with delay≤ Dbasic symbols, Dbasic is 5 slots. 
After TDCP-reporting time correlation, SRS prediction based TDCP reporting can be considered. For anti-aging, SRS prediction from channel correlation when UE velocity is high.  For this use case, more delays can offer more information. 
[bookmark: OLE_LINK47]Proposal 4. For Y>1, D value is 10 slots, Y = 7 can be supported in special use case. 

3 [bookmark: OLE_LINK16]Conclusion
[bookmark: OLE_LINK75]In this contribution, we discussed TRS-based TDCP reporting. The following proposals have been made:
[bookmark: OLE_LINK89]Proposal 1. Quantization of amplitude: support Alt 1, N=2Q-1 where Q=5, s={1/3}. 
[bookmark: OLE_LINK55]Proposal 2. Quantization of phase:  support Alt 5, where Q=3.
[bookmark: OLE_LINK63]Proposal 3. For basic feature Y=1 with delay≤ Dbasic symbols, Dbasic is 5 slots.
Proposal 4. For Y>1, D value is 10 slots, Y = 7 can be supported in special use case.
[bookmark: OLE_LINK97]The following observations have been made:
[bookmark: OLE_LINK57]Observation 1. Alt 1 can cover the values from 0 to 1 in each value of s parameter, in special of values closed to 1. 
Observation 2. For Alt 2 & 3, s={1/4, 1/3, 1/2} cover most of values, but s={2/3, ¾} would lose the amplitude smaller than 0.3. Observation 1.  For given UE velocity, different delays result in different time correlations.
Observation 3.  For given UE velocity, different delays result in different time correlations.
Observation 4. 20-slot delay has shown worse accuracy. Delay <= 5 slots can ensure the estimation for time variation of channel. 5-slot delay is better for smaller UE velocity (<=30km/h), whereas 1-slot delay is suitable in scenario of higher velocity.  
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4 Appendix
4.1 [bookmark: OLE_LINK77]Link level assumptions
4.1.1 [bookmark: OLE_LINK11][bookmark: OLE_LINK4]TRS measurement
[bookmark: OLE_LINK12][bookmark: OLE_LINK18][bookmark: OLE_LINK24][bookmark: OLE_LINK22]There is link level assumption for TRS measurement as Table-2. Based on our understanding, we have chosen parts of parameter for channel model. For delay spread 10, 100, 1000ns are corrsponding to very short, nominal, very long delay spread according to [4]. For UE velocity, we assum 3km/h, 30km/h, 120km/h are low, medium, high speed. 
[bookmark: OLE_LINK17][bookmark: OLE_LINK25][bookmark: OLE_LINK73]Table-3. Link level assumption for TRS based doppler accuracy
	[bookmark: OLE_LINK13]Parameters
	Values

	[bookmark: OLE_LINK104][bookmark: _Hlk127182140]Carrier frequency and subcarrier spacing
	[bookmark: OLE_LINK105]3.5 GHz with 30 kHz SCS

	System bandwidth
	20 MHz

	TRS bandwidth
	20 MHz

	Channel model
	TDL-A

	Delay spread
	10, 100, 1000ns

	UE velocity
	3 km/h, 30 km/h, 120 km/h

	Antenna at UE
	1

	Antenna at gNB
	1

	[bookmark: OLE_LINK30]Evaluation metrics for measurement accuracies
	RMS error, Standard deviation (STD)



SNR 0dB, UE Velocity vs Estimated Doppler Spread by TD correlation

Delay=4symbols	214.15873719256501	209.968983951897	284.57153151649197	214.15873719256501	209.968983951897	284.57153151649197	3	30	120	355.88141259752501	357.28234046098601	479.00809336893099	Delay=1slot	50.290612496191798	68.788031047764804	129.902694901318	50.290612496191798	68.788031047764804	129.902694901318	3	30	120	85.374462042774198	117.16140368215601	335.212595225146	Delay=5slots	10.8509096733133	25.054983885209001	23.119275088242599	10.8509096733133	25.054983885209001	23.119275088242599	3	30	120	18.066391404698599	76.022168811244399	83.595230518483305	Delay=20slots	5.1539600328277002	5.7235782235760597	5.6214260452239904	5.1539600328277002	5.7235782235760597	5.6214260452239904	3	30	120	9.2869446684370995	21.433280321041401	21.371600792639601	Ideal Doppler spread (Hz)	3	30	120	9.7222222222222197	97.2222222222222	388.88888888888903	UE Velocity(km/h)


Doppler spread estimation (2nd moment of Doppler power spectrum) (Hz)




SNR 30dB, UE Velocity vs Estimated Doppler Spread by TD correlation

Delay=4symbols	14.3392016397743	50.568970034886902	209.432690288765	14.3392016397743	50.568970034886902	209.432690288765	3	30	120	50.836186051076702	113.569850951392	410.13428434664399	Delay=1slot	5.7451928617916197	49.597791560338202	122.02658915482201	5.7451928617916197	49.597791560338202	122.02658915482201	3	30	120	18.0907496618848	101.76487143791699	348.743235102867	Delay=5slots	5.0474047866687997	23.802094180330698	21.255378082332999	5.0474047866687997	23.802094180330698	21.255378082332999	3	30	120	10.516351635474299	79.146473285121004	88.452715222562006	Delay=20slots	4.4882770376192003	5.2606202001327604	5.14562267632774	4.4882770376192003	5.2606202001327604	5.14562267632774	3	30	120	9.6574545555809497	22.3803294657029	22.5188717986744	Ideal Doppler spread (Hz)	3	30	120	9.7222222222222197	97.2222222222222	388.88888888888903	UE Velocity(km/h)


Doppler spread estimation (2nd moment of Doppler power spectrum) (Hz)
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