[bookmark: _Hlk514061252]3GPP TSG-RAN WG4 Meeting #110bis		R4-2405952
Changsha, China, 15th – 19th April, 2024
Agenda Item:	6.19.3.1
Source: 		Qualcomm Incorporated
Title: 			TDCP requirements
Document for:	Approval
1.	Introduction
In this paper, we present our view on the following aspects:
· Issue 3-1-4: TDCP Measurement Report Mapping – amplitude
· Issue 3-1-5: TDCP Measurement Report Mapping - phase
· Issue 3-1-3: Design for the test case of TDCP
2. 	Discussion
Issue 3-1-4: TDCP Measurement Report Mapping – amplitude
< Agreement>: 
Define TDCP mapping table of amplitude in section 10 of RRM spec. 
· Option 1: 
	
	TDCP Range

	0
	0.9945< TDCP <=1

	1
	0.9922< TDCP <=0.9945

	2
	0.9890< TDCP <=0.9922

	3
	0.9844< TDCP <=0.9890

	…
	…

	12
	0.6464< TDCP <=0.75

	13
	0.5< TDCP <=0.6464

	14
	0.2929< TDCP <=0.5

	15
	0≤ TDCP <=0.2929



· Option 2: 
· use the RAN1 points as the middle (but not the centre due to non-uniform) of each range as
	Estimated TDCP value
	Report index

	0.9953≤Estimated TDCP≤1 
	0

	0.99335<Estimated TDCP<0.9953
	1

	…
	…

	0≤Estimated TDCP<0.39645
	15



· Other options are not precluded

TDCP amplitude mapping table is already defined in RAN1 spec (Table 5.2.1.4.5-1).
Proposal 1: RAN4 to not define additional TDCP amplitude mapping table in TS38.133. 

Issue 3-1-5: TDCP Measurement Report Mapping - phase
< Agreement>: 
Define TDCP mapping table of phase in section 10 of RRM spec. 
· Option 1: 
· For mapping table of TDCP phase reporting, the 16 points divided [0 2pi] to 16 segments. the mapping table can use  as the boundary of each range.
· Option 2: 
· the RAN1 points are in the middle of each range
· Other options are not precluded

TDCP phase mapping table is already defined in RAN1 spec (5.2.1.4.5).
Proposal 2: RAN4 to not define additional TDCP phase mapping table in TS38.133. 

Issue 3-1-3: Design for the test case of TDCP
< Agreement>: 
· Test metric: 
· Step 1: Determine the configuration (e.g., SNR, doppler spread) for the test.
· Step 2: for the configuration agreed in step 1, determine the TDCP accuracy range (i.e., TDCP accuracy value X1 to X2) from the simulation results from different companies.
· Step 3: Define the test case for the configurations agreed in step 1 and the TDCP value UE should report to pass the test is determined from the range of values determined in step 2 (i.e., X1 to X2). [For the repeated tests UE should pass the test at least [Y2] % of the times. Y2 can be FFS.]
· The text in [] is the baseline, and other proposal is not precluded.
· Test Parameters:
· Channel model: fading channel
· As baseline, TDL-A30
· Pick one value from SNR = 10dB, 15dB, 20dB
· The distance between two TRSs: 1 slot as baseline, further discuss on 10 slots

In the last RAN4 meeting, it was agreed to define test cases for TDCP amplitude accuracy requirement verification. It is different from the RAN4 convention in the sense that TDCP accuracy requirements won’t be specified in the clauses for core and performance requirements, but the requirement specification will just have test cases to verify UE performance under certain specific test conditions. 
During the test feasibility study phase, we presented our simulation results. In Fig 1 and Fig 2, CDF curves for 10MHz BW at 20dB SNR are presented for TDD with 30kHz SCS and FDD with 15kHz SCS, respectively, and two schemes for TDCP estimation (non-averaged and averaged over 4 measurement occasions) are included for each. From the simulation results, we observe the following.

Observation 1: The deviation of the distributions of TDCP results increases as the Doppler spread increases. And the deviation can be reduced by averaging TDCP over multiple measurement occasions.
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Figure 1. CDFs of unquantized TDCP reports for instantaneous TDCP and averaged TDCP over 4 samples (10MHz BW TDD with 30kHz at 20dB SNR)
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Figure 2. CDFs of unquantized TDCP reports for instantaneous TDCP and averaged TDCP over 4 samples (10MHz BW FDD with 15kHz at 20dB SNR)

Based on the simulation results, we drew the following conclusions:
1) We see the feasibility of defining TDCP accuracy requirements.
2) Considering the use case of TDCP at gNB, .e.g. aid gNB to determine whether/how to adapt the configurations on CSI codebook between Type-I and (e)Type-II, CSI feedback vs. SRS antenna switch, CSI-RS/SRS resource periodicity depending on the channel variation rate, it is recommended to define the requirements for two Doppler spread values, one for a low Doppler spread and the other for a high Doppler spread.
3) It is not recommended to define the requirements based on the tail of TDCP CDF.

One important aspect that needs to be taken into account in defining UE TDCP amplitude measurement requirements is the non-uniformly quantized TDCP amplitude report mapping table as defined in Table 5.2.1.4.5-1 of TS38.214. In Fig 3 and Fig 4, CDF of TDCP amplitude values are shown based on the quantized report values for the same simulation environment as Fig 1 and Fig 2, respectively.
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Figure 3. CDFs of quantized TDCP reports for instantaneous TDCP and averaged TDCP over 4 samples (10MHz BW TDD with 30kHz at 20dB SNR)
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Figure 4. CDFs of quantized TDCP reports for instantaneous TDCP and averaged TDCP over 4 samples (10MHz BW FDD with 15kHz at 20dB SNR)

Due to the quantization scale factor of sqrt(2) from the highest TDCP value, we do not think the requirements can be defined by setting both edges (X1 and X2 from the agreement made in the previous RAN4 meeting) for each Doppler spread. Note that it is up to UE implementation whether and how many samples to use for TDCP average or filtering to improve TDCP amplitude estimation accuracy. As can be seen from the figures on the right-hand side of Fig 3 and Fig 4, the distribution of the quantized TDCP amplitude values shifts noticeably as Doppler spread increases. And the impact of the shift becomes more pronounced due to quantization impact compared to unquantized TDCP values shown in Fig 1 and Fig 2.

Observation 2: The distribution of the quantized TDCP amplitude values shifts noticeably as Doppler spread increases. And the impact of the shift becomes more pronounced due to quantization impact compared to unquantized TDCP values.
Proposal 3: The following are considered as test conditions and requirements for TDCP amplitude accuracy verification tests. 
· Two Doppler spread values: [10Hz, 30Hz], [200Hz, 300Hz]
· Channel model: TDL-A30 (TDL-A, delay spread=30ns)
· Channel BW: 10MHz
· Correlation matrix and antenna configuration: 1x2 Low
· SNR: high SNR [15dB, 20dB]
· Distance between two TRSs: 1 slot
· X1 and X2: Define X1 and X2 for a higher Doppler spread and a lower Doppler spread, respectively.
· For a lower Doppler spread, CDP at X2 is higher than Y2 (e.g. 90%)
· For a higher Doppler spread, CDP at X1 is lower than Y1 (e.g. 10%)
· X1, X2, Y1, and Y2 can be different for TDD and FDD

3.	Conclusion
Observations and proposals are summarized below:
Issue 3-1-4: TDCP Measurement Report Mapping – amplitude
Proposal 1: RAN4 to not define additional TDCP amplitude mapping table in TS38.133. 

Issue 3-1-5: TDCP Measurement Report Mapping - phase
Proposal 2: RAN4 to not define additional TDCP phase mapping table in TS38.133. 

Issue 3-1-3: Design for the test case of TDCP
Observation 1: The deviation of the distributions of TDCP results increases as the Doppler spread increases. And the deviation can be reduced by averaging TDCP over multiple measurement occasions.
Observation 2: The distribution of the quantized TDCP amplitude values shifts noticeably as Doppler spread increases. And the impact of the shift becomes more pronounced due to quantization impact compared to unquantized TDCP values.
Proposal 3: The following are considered as test conditions and requirements for TDCP amplitude accuracy verification tests. 
· Two Doppler spread values: [10Hz, 30Hz], [200Hz, 300Hz]
· Channel model: TDL-A30 (TDL-A, delay spread=30ns)
· Channel BW: 10MHz
· Correlation matrix and antenna configuration: 1x2 Low
· SNR: high SNR [15dB, 20dB]
· Distance between two TRSs: 1 slot
· X1 and X2: Define X1 and X2 for a higher Doppler spread and a lower Doppler spread, respectively.
· For a lower Doppler spread, CDP at X2 is higher than Y2 (e.g. 90%)
· For a higher Doppler spread, CDP at X1 is lower than Y1 (e.g. 10%)
· X1, X2, Y1, and Y2 can be different for TDD and FDD
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