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In this contribution we analyze the necessity of defining RRM requirements for Rel-18 TDCP measurements. 
Discussion
[bookmark: _Toc5952573]TDCP measurements

In previous meetings, RAN1 agreed to introduce following w.r.t TDCP measurements. 

Basic feature:
· Amplitude of the channel auto correlation 
Optional feature:
· Amplitude of the channel auto correlation and
· Phase of the channel auto correlation.  

For TDCP measurement and reporting, the following agreements have been made in RAN1:

	
Agreement
For the Rel-18 TRS-based TDCP reporting, regarding the value of parameter Y for Y>1, the value of Y is gNB-configured via higher-layer (RRC) signalling

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


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
· Support the following D (delay) values in a separate UE Feature Group: 6 slots, 10 slots
· Dbasic = 1 slot

Agreement
For the Rel-18 TRS-based TDCP reporting, regarding the alphabet for the quantization of wideband normalized amplitude value, support only (Alt3) N=2Q where Q=4, s=½



Agreement
For the Rel-18 TRS-based TDCP reporting, for a configured value of Y and a set of configured delay values {D1, …, DY}, for the n-th delay Dn (n=1, …, Y), the respective TDCP calculation is defined as wideband normalized correlation between two TRS symbols separated by Dn symbols
· Send a LS to RAN4 to solicit their inputs on whether additional description/definition is needed, e.g. averaging across RX ports. Final LS in R1-2306137.




Based on the RAN1 agreements, TDCP is a channel autocorrelation measured on a carrier where reference signals used for autocorrelation are separated by Delay . Where Dn can be 4 symbols or {1, 2, 3, 4, 5, 6, 10} slots. Figure 1 shows an example where TRS 1 and TRS 2 are configured for TDCP measurement. 
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Figure 1:  Example configuration of two TRS bursts for TDCP measurements (TRS1 and TRS2)

When we look at RAN1 agreements, RAN1 did not formally agree on any definition for auto-correlation computation but left to RAN4 to decide whether additional description or definition is needed. 

As per our understanding we need to have a definition for UE to compute the TDCP value in order to ensure that different UEs report the same quantity and also to enable RAN4 to put requirements on the accuracy of the measurement. 
TDCP is used at NW for different purposes. Some of the example usage of TDCP is given below. 

•	Switching between CSI Type I and CSI Type II
•	Switching between reciprocity-based precoding and CSI based precoding
•	Switching between different SRS periodicities
•	Switching between different CSI RS and/or CSI reporting periodicities
•	Switching between different number of additional DMRS symbols

When a UE report a TDCP value, based on the reported quantity, NW may use it for switching between e.g., CSI type I and CSI type II. Unless all the UEs compute the TDCP based on same definition their reported values may be different and the algorithm used at NW may not work to choose the switching thresholds for different UE and for different use case.
 
For example, TDCP may be an indication of how fast a channel is changing at the UE. Based on the reported value, NW may choose to decide on the SRS periodicity. If the UE channel is not changing that fast, NW may configure higher SRS periodicity for a UE. The algorithm NW uses to determine these SRS periodicities can only work if the accuracy of TDCP report across all UEs are within a specified range. Usefulness of TDCP reporting lies in whether all UE can compute and report the TDCP in a specified accuracy. That means when different UE experience same channel, both the UE needs to send similar value for TDCP auto-correlation. Without common definition for auto correlation and accuracy range, NW cannot use the same algorithm for different UEs and RAN4 can’t define TDCP accuracy requirements.

Proposal 1:  RAN4 to define definition for the channel correlation amplitude for TDCP measurement.


The wideband normalized correlation between two TRS symbols separated by Dn symbols corresponding to a separation  in time could suitably be defined as



where  is the channel for TRS subcarrier n at time t. The use of the geometric average



for normalization was preferred by UE and chipset manufacturers in RAN1 since it makes the estimator robust towards AGC. This formula has been used in the RAN1 evaluations. How to estimate the channel  and the correlation  would be left for UE implementation but a definition of the quantity to estimate is needed in order to set requirements on accuracy.

As noted in the LS from RAN1 in R1-2306137 there is also a need to specify how the UE should handle multiple RX chains in the case of RX diversity. Coherent or incoherent averaging over two or more RX chains could potentially improve the accuracy of the TDCP measurement. We think, however, that it would be hard to specify in detail how a UE should select RX chains to use and how perform such averaging RX chains. We therefore think it’s good to leave a large degree of flexibility to the UE. Still the specification needs to be precise enough to allow us to set requirements and to create test cases. We think this can be achieved by the adding the following text to the definition of the wideband normalized correlation amplitude (WNCA):

If receiver diversity is in use, the reported WNCA is required to be
· lower than or equal to the WNCA of the individual receiver branch that has the highest WNCA; and
· higher than or equal to the WNCA of the individual receiver branch that has the lowest WNCA.
This will allow setting of requirements and creation of test cases based on applying the same signal to all UE antennas. At the same time, it will give a large degree of flexibility for the UE in utilizing multiple RX chains for the measurement.

Proposal 2:  The wideband normalized correlation between two TRS symbols separated by Dn symbols corresponding to a separation ∆t in time should be defined as  , where  is the channel for TRS subcarrier n at time t. Communicate this to RAN1 in a reply LS to the LS in R1-2306137.

Proposal 3:  If receiver diversity is in use, the reported wideband normalized correlation amplitude (WNCA) is required to be lower than or equal to the WNCA of the individual receiver branch that has the highest WNCA; and higher than or equal to the WNCA of the individual receiver branch that has the lowest WNCA. Communicate this to RAN1 in a reply LS to the LS in R1-2306137.



In last meeting some companies pointed that TDCP accuracy requirements cannot be defined in RAN4 RRM as the RAN4 RRM test requirements are based on the AWGN channel and even if we define the core requirements, they cannot be tested. We do not agree with the observation or comments by companies that RRM test cases are based on AWGN for all the requirements testing and some of the RAN4 RRM test cases are defined using TDL-C channel. Hence, we think RAN4 can use TDL-C channel for defining the test cases for TDCP measurement accuracy of wideband channel correlation amplitude. Some of the requirements  in [4] which use TDL-C for defining test cases are listed below.

· A.6.5.1	Radio link Monitoring
· A.6.5.5	Beam Failure Detection and Link recovery procedures
· A.6.6.5	Inter-RAT UTRAN FDD measurements
· A.6.6.19	SA event triggered reporting tests with NCSG

Observation 1: RAN4 RRM requirements use TDL-C channels for some of the test cases and testability is not an issue for defining the core requirements for TDCP.

Proposal 4:  RAN4 to define accuracy requirements for at least CSI normalized channel correlation amplitude of TDCP as testability is not an issue.

Summary and Conclusion
In this contribution we analyzed potential RAN4 RRM requirements impact and made following observations and proposals. 
Observation 1: RAN4 RRM requirements use TDL-C channels for some of the test cases and testability is not an issue for defining the core requirements for TDCP.

Proposal 1:  RAN4 to define definition for the channel correlation amplitude for TDCP measurement.

Proposal 2:  The wideband normalized correlation between two TRS symbols separated by Dn symbols corresponding to a separation ∆t in time should be defined as  , where  is the channel for TRS subcarrier n at time t. Communicate this to RAN1 in a reply LS to the LS in R1-2306137.

Proposal 3:  If receiver diversity is in use, the reported wideband normalized correlation amplitude (WNCA) is required to be lower than or equal to the WNCA of the individual receiver branch that has the highest WNCA; and higher than or equal to the WNCA of the individual receiver branch that has the lowest WNCA. Communicate this to RAN1 in a reply LS to the LS in R1-2306137.

Proposal 4:  RAN4 to define accuracy requirements for at least CSI normalized channel correlation amplitude of TDCP as testability is not an issue.
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