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Introduction
In RAN4 #108, RAN4 has discussed the RRM impacts of R18 MIMO evolution WI. The status of the discussion is captured in [1]. 
Based on [1], we provide our views on the performance requirements for L1-TDCP reporting.Issue 1-1-1: Whether to define TDCP measurement delay requirements?
Agreement: 
· Do not define TDCP measurement delay requirements

Issue 1-1-2: Whether to define TDCP measurement accuracy requirements?
Agreement:
· Further identify feasibility of methodology and test setup to define TDCP accuracy requirements including at least ideal TDCP definition, channel models
· Define TDCP accuracy requirements subject to conclusions of feasibility analysis

Issue 1-1-5: Besides RAN1’s definition, for TDCP calculation, whether to define additional information for averaging across RX ports?
Agreement:
· For TDCP measurement averaging across RX ports should be left to UE implementation.
· The reported TDCP amplitude is expected to between the minimum and maximum measured values across the Rx branches if receiver diversity is used.


Discussion on 
The following agreements have been made in RAN1 #112 and RAN1 #112-bis-e regarding L1-TDCP reporting.
Agreement in RAN1 #112
[bookmark: _Hlk131843509]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
Agreements in RAN1 #112-bis
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
For the Rel-18 TRS-based TDCP reporting, for TDCP measurement and calculation
· 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, slot offset between TRS resource set(s), relation with resource set used for legacy usage  


RAN1 has also agreed that the TDCP reporting only supports aperiodic reporting that triggered by gNB.
Based on above RAN1 conclusions, TDCP reporting will be a new L1 measurement quantity, similar to current L1-RSRP/L1-SINR reporting. Moreover, it is a quantity that not directly related to demodulation performance, but just quantize the channel property.
Proposal 1  L1-TDCP performance requirements are preferred to be discussed in RRM session.
But we are also fine to consider further discussion in demod session.
Since TDCP is just the time domain correlation, we think it could be tested based on TDL channel models. In TS 38.901, the Doppler domain information for a TDL channel is generated as follows.
[bookmark: _Toc493104223][bookmark: _Toc20320126][bookmark: _Toc20340149][bookmark: _Toc29237085]7.7.2	Tapped Delay Line (TDL) models
The TDL models for simplified evaluations, e.g., for non-MIMO evaluations, are defined for the full frequency range from 0.5 GHz to 100 GHz with a maximum bandwidth of 2 GHz. 
Three TDL models, namely TDL-A, TDL-B and TDL-C, are constructed to represent three different channel profiles for NLOS while TDL-D and TDL-E are constructed for LOS, the parameters of which can be found respectively in Table 7.7.2-1, Table 7.7.2-2 , Table 7.7.2-3, Table 7.7.2-4 and Table 7.7.2-5. 

The Doppler spectrum for each tap is characterized by a classical (Jakes) spectrum shape and a maximum Doppler shift fD where . Due to the presence of a LOS path, the first tap in TDL-D and TDL-E follows a Ricean fading distribution. For those taps the Doppler spectrum additionally contains a peak at the Doppler shift fS = 0.7 fD with an amplitude such that the resulting fading distribution has the specified K-factor.


For NLOS path, generally the Jakes model is used for each delay tap. However, the details for the generating the Jakes model are missing. We are not sure whether TE vendors and UE vendors share the same understanding on the model generation. Moreover, Jakes spectrum is probably the worst case for UE baseband channel estimation, but might not be the most popular case in the field, therefore we are not sure whether it fits for testing the most popular UE behaviour for TDCP estimation. Comparably, under CDL channel model, Doppler spread is cluster specific which seems to be more popular case. Omni-directional BS/UE antenna can be used in CDL for simplicity.
Proposal 2  Regarding the channel model used in the testing, RAN4 further discuss whether to use TDL channel model with Jakes spectrum, or to use CDL channel model with omni-directional array and configurable UE speed.
RAN1 has performed link level analysis regarding the TDCP reporting. The confidence level of TDCP reporting, and the UE behaviour when the signal quality, i.e. SNR, of TDCP measurement is not sufficiently high, are still being discussed in RAN1. In the early evaluation for TDCP reporting in RAN1, RMS error, Std Deviation/Bias are used as the metric for TDCP reporting quality. For UE supporting the basic feature, the reporting quantity would be the normalized amplitude of the time domain profile for a single delay. Note that the delay here is not the delay-tap in channel model, but the symbol-level ‘gap’ between the referenced TRS symbols for TDCP calculation.
If RAN4 can agree on the basic test assumption, in our understanding the numerical evaluation on the L1-TDCP accuracy needs to be done. Based on evaluation RAN4 may know the best metric for TDCP measurement accuracy.
Proposal 3  RAN4 to determine the TDCP measurement accuracy based on further numerical evaluations.
Conclusions
Based on above analysis, we have following observations and proposals.
Proposal 1  L1-TDCP performance requirements are preferred to be discussed in RRM session.
Proposal 2  Regarding the channel model used in the testing, RAN4 further discuss whether to use TDL channel model with Jakes spectrum, or to use CDL channel model with omni-directional array and configurable UE speed.
Proposal 3  RAN4 to determine the TDCP measurement accuracy based on further numerical evaluations.
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