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In this contribution we analyze the potential RRM requirements impacts due to Rel-18 TDCP and SRS enhancements. 
Discussion
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TDCP measurements

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

	Agreements from RAN1#112

Agreement
For aiding gNB determination of codebook switching and SRS periodicity with the Rel-18 TRS -based TDCP reporting, support reporting quantized wideband normalized amplitude/phase of the time-domain correlation profile with Y≥1 delay(s) as follows:
· Basic feature: Y=1 with delay≤ Dbasic symbols, only wideband quantized normalized amplitude is reported
· FFS: Candidate values for delay
· Optional feature: Y=1 with delay>Dbasic symbols and Y≥1, wideband quantized normalized amplitude and phase for each delay are reported 
· For Y>1, the phase can be configured to be absent for all the Y delays
· TBD: Whether the value of Y is configurable or following the delays from the configured TRS resource
· TBD: Candidate value(s) for Y>1
· FFS: Value of Dbasic

Agreement
For the Rel-18 TRS-based TDCP reporting, support multiplexing TDCP reporting with other UCI parameters on PUSCH following the legacy UCI multiplexing rule for AP-CSI.

Agreements from RAN1#112bis-e

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

	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, 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  

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 

Conclusion
For the Rel-18 TRS-based TDCP reporting, there is no consensus on specifying a new priority rule. Therefore, the priority of the CSI report(s) associated with TDCP reporting is the same as CSI report(s) not carrying L1-RSRP or L1-SINR

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)

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:
· 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
Agreement
For the Rel-18 TRS-based TDCP reporting, for TDCP measurement and calculation, at least the following restrictions are supported:
· When all the configured KTRS resource sets are periodic, the UE can assume that all the resource sets share a same QCL-Type-A/C and, if applicable, Type-D source 
· If the joint use of P and AP-TRS resource sets is supported for TDCP measurement and calculation, when one of the KTRS configured resource sets is aperiodic, the UE can assume that the aperiodic resource set is configured with QCL-Type-A and, if applicable, Type-D source with the resources of the one of the (KTRS – 1) periodic TRS resource sets 
· Note: Following the legacy specification, no more than 1 of the KTRS resource sets is aperiodic 
· TBD (RAN1#113): whether the joint use of P and AP-TRS resource sets is supported for TDCP measurement and calculation or not 
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 
· 
· 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 previous meetings, RAN1 agreed to introduce following. 

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

Definitions of amplitude and phase correlation are still not formally agreed yet and it is expected that RAN1 will discuss these soon.  We provide the amplitude and phase correlation definitions that we propose in our RAN1 contribution [3] below for reference.

	The normalized channel correlation amplitude over the correlation delay Dt can be defined as

where  is the channel for subcarrier n and the sum is over all subcarriers carrying the CSI reference signals used for the measurement.
The phase of the channel correlation over the correlation delay Dt can be defined as

where  is the channel for subcarrier n and the sum is over all subcarriers carrying the CSI reference signals used for the measurement.



Based on the RAN1 discussion, TDCP is a channel autocorrelation measured on a carrier where reference signals used for autocorrelation are separated by . Figure 1 shows an example where TRS 1 and TRS 2 are configured for TDCP measurement. We can see that TDCP measurement is defined for a particular delay value  configured by NW. 
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Figure 1:  Example configuration of two TRS bursts for TDCP measurements (TRS1 and TRS2)


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 reported ranges are standardized or tested to be within an acceptable range, the algorithm used at NW may not work to choose the switching thresholds 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 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 report the TDCP in a specified accuracy. That means RAN4 should define TDCP accuracy requirements.

Proposal 1:  RAN4 to define accuracy requirements for at least CSI normalized channel correlation amplitude of TDCP.

In previous RAN1 meetings there was discussion on whether to define confidence level. RAN4 requirements for other parameters can be further discussed once RAN1 has further conclusion 


Proposal 2:  [bookmark: _Hlk132047772]Other RRM requirements for TDCP reporting is FFS based on further RAN1 progress.      

SRS enhancements and their RRM requirements impact

In last meeting following WF is agreed.

· Discuss the following 2 solutions separately
· Rel-18 SRS enhancements for 8 TX UL 
· Rel-17 Full slot SRS transmission

For Rel-18 SRS enhancements for 8 TX UL: 
Rel-17 RAN4 requirements only support SRS transmission in the last 6 OFDM symbols of a slot. We consider following example to analyse the impact of this limitation for 8 TX. Let’s consider the case when a UE is configured with an SRS resource with 4 SRS ports over 4 OFDM symbols (note that this is the largest supported number of SRS symbols per SRS resource, which is smaller than 6) and where power P may be allocated per OFDM symbol. In this case, the total power per SRS port is 4P/4 = P. In Rel-18, for 8 port SRS transmission, if NW can map SRS to only 4 of the last 6 OFDM symbols in a slot, then, with the same power constraint of power P per OFDM symbol, the total power per SRS port is 4P/8 = P/2. Hence, unless an SRS resource can be mapped to more (than Rel-17 RAN4 specification) OFDM symbol per slot, SRS coverage will be decreased (halved, compared to 4 TX SRS) for 8 TX SRS. 

If RAN4 keeps the same restriction of mapping SRS to last 6 symbols, it may result in reduction of the coverage by half or quarter compared to 4 port or two port SRS transmission due to reduction in power per SRS port. If this restriction can be removed in Rel-18, to achieve same coverage as 4 port or 2 port SRS, NW may configure 8 OFDM symbols for 8 port SRS transmission so that power for port can be maintained as P (i.e., 8P/8=P). 

If this restriction is not removed for 8 port SRS transmission, 8 port SRS transmission may result in coverage reduction for the UE which is configured with 8 port SRS transmission. If same coverage cannot be met as 2 port or 4 port SRS, NW may not configure 8 port 8 SRS in the real-world implementations. Hence, we think restriction of mapping of SRS to last 6 symbols makes 8TX or 8 port SRS feature unusable in practice due to RAN4 introduced limitation.  

For Rel-17 Full slot SRS transmission:
In Rel-17, RAN4 agreed that requirements apply for xTyR. If we agree to introduce Rel-18 requirements to cover 8 TX SRS in any symbol of the slot, we think they can be applied to xTyR also following similar principle of Rel-17.  
 
Proposal 3:  To make 8 port SRS transmission usable in practice, RAN4 to introduce SRS antenna port switching requirements for full slot configuration. 
Proposal 4:  Since the RAN4 requirements are defined for xTyR, rel-18 full slot SRS transmission needs to be extended to xTyR. 

Summary and Conclusion

In this contribution we analyzed potential RAN4 RRM requirements impact and made following observations and proposals. 
TDCP measurements:
Proposal 1:  RAN4 to define accuracy requirements for at least CSI normalized channel correlation amplitude of TDCP.
Proposal 2:  Other RRM requirements for TDCP reporting is FFS based on further RAN1 progress.  

8 TX or 8 port SRS     
Proposal 3:  To make 8 port SRS transmission usable in practice, RAN4 to introduce SRS antenna port switching requirements for full slot configuration.
Proposal 4:  Since the RAN4 requirements are defined for xTyR, rel-18 full slot SRS transmission needs to be extended to xTyR.
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