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[bookmark: _Ref111130008]1	Introduction
In [1], the Rel-18 work item for NR MIMO evolution was agreed. The following two objectives of the work item concern CSI enhancements:  
1. Study, and if justified, specify CSI reporting enhancement for high/medium UE velocities by exploiting time-domain correlation/Doppler-domain information to assist DL precoding, targeting FR1, as follows:
0. [bookmark: _Hlk101857356]Rel-16/17 Type-II codebook refinement, without modification to the spatial and frequency domain basis
0. UE reporting of time-domain channel properties measured via CSI-RS for tracking
…
4. Study, and if justified, specify enhancements of CSI acquisition for Coherent-JT targeting FR1 and up to 4 TRPs, assuming ideal backhaul and synchronization as well as the same number of antenna ports across TRPs, as follows:
0. Rel-16/17 Type-II codebook refinement for CJT mTRP targeting FDD and its associated CSI reporting, taking into account throughput-overhead trade-off
0. SRS enhancement to manage inter-TRP cross-SRS interference targeting TDD CJT via SRS capacity enhancement and/or interference randomization, with the constraints that 1) without consuming additional resources for SRS; 2) reuse existing SRS comb structure; 3) without new SRS root sequences
0. Note: the maximum number of CSI-RS ports per resource remains the same as in Rel-17, i.e. 32




In this contribution, we discuss our views on TRS based TDCP reporting, CSI enhancement for high/ medium UE velocities, and CSI enhancement for coherent JT.




[bookmark: _Ref178064866]2	TRS-based time-domain channel property reporting 

In RAN1#109-e meeting, following agreements were made on TRS-based TDCP reporting:

Agreement
The work scope of TRS-based TDCP reporting focuses on the following use cases for evaluation purposes:
· Targeting medium and high UE speed, e.g. 10-120km/h as well as HST speed
· Aiding gNB to determine 
· CSI reporting configuration and CSI-RS resource configuration parameters, 
· Precoding scheme, using one of the CSI feedback based precoding schemes or an UL-SRS reciprocity based precoding scheme
· Aiding gNB-side CSI prediction

Agreement
The work scope of TRS-based TDCP reporting includes down selection from the following TDCP reporting formats:
· Alt1. Stand-alone reporting (no inter-dependence with other CSI/UCI parameters)
· Note: This doesn’t preclude multiplexing with other UCI parameters (e.g. CSI, ACK, SR, …) on PUCCH/PUSCH, if applicable
· Alt2. Inter-dependent and reported with other CSI parameter(s)

Agreement
The work scope of TRS-based TDCP reporting includes down selection from the following TDCP parameters:
· Alt1. Doppler shift
· Alt2. Doppler spread
· Alt3. Cross-correlation in time 
· Alt4A. Relative Doppler shift of a number of peaks in CIR 
· Alt4B. Relative Doppler shifts of different TRSs
· Alt5: CSI-RS resource and/or CSI reporting setting configuration assistance


Agreement
The TRS-based TDCP reporting is down selected from the following alternatives:
· Alt1 (stand-alone): TDCP reporting comprises auxiliary feedback information to enable refinement of CSI reporting configuration, and/or codebook configuration parameters, and/or (to be confirmed in RAN1#110) gNB-side CSI prediction 
· Aperiodic reporting is supported
· FFS: Whether periodic, semi-persistent and/or event-triggered (UE-initiated) reporting are supported 
· Alt2 (non-stand-alone): TDCP reporting corresponds to a subset of the UCI parameters associated with a codebook/PMI for high/medium velocities, reported by the UE and measured via TRS 
· FFS: The associated codebook(s)/PMI(s)



2.1 Simulation analysis on focused use cases
In this section we present system simulation results on one important use case for TDCP reporting: aiding the gNB to select the best CSI acquisition scheme for DL precoding. The purpose is to select a scheme that is more robust for a given UE mobility. We study two different cases: 
· Precoding based on CSI obtained from UL measurements or from UE feedback 
· Precoding based on Type I or Type II CSI feedback from the UE

2.1.1 Reciprocity- vs. feedback-based CSI
Here we compare system level performance between two CSI acquisition schemes, one based on UE feedback and one based on UL measurements on SRS. Since the latter requires channel reciprocity to perform well, we assume TDD operation in this comparison. The same precoding method is used for both CSI acquisition options, the only difference is in how the CSI is obtained. We compare SU-MIMO and MU-MIMO operation separately. The baseline scheme for comparison is SU-MIMO using feedback. Type I CSI feedback is assumed for both SU-MIMO and MU-MIMO. 
Figure 1 shows mean user throughput for the different schemes relative to the mean throughput for feedback-based SU-MIMO precoding (the baseline). The scenario is UMa with 500 m inter-site distance. The carrier frequency is 2 GHz and the subcarrier spacing is 15 kHz. The CSI periodicity is 20 ms for both feedback and reciprocity-based CSI. Results for both 16 and 32 antenna ports at the gNB are shown. The number of UE antenna ports is 2. For other simulation parameter settings, see Table 4 in Appendix. Ideal channel estimation is assumed for CSI-RS and DMRS, while for SRS realistic channel estimation is used. The reason for this is that the SNR for SRS is much lower than for CSI-RS due to the much lower Tx power at the UE, so it is much more important to account for channel estimation errors for SRS.
The results show that reciprocity-based precoding has better performance at 3 km/h for both SU-MIMO and MU-MIMO. However, at UE speeds around 10 km/h the feedback-based precoding starts to outperform reciprocity-based precoding. Hence, the feedback-based precoding is more robust to rapidly varying channels. 
[bookmark: _Toc111224786]Reciporcity-based precoding has better performance at 3km/h for both SU-MIMO and MU-MIMO; however, at UE speeds above 10km/h the feedback-based precoding outperforms the reciprocity-based.
[bookmark: _Toc111218149][bookmark: _Toc111219836][image: ][image: ]
[bookmark: _Ref108180844]Figure 1. Relative mean user throughput vs. UE speed for reciprocity- and feedback-based CSI. Left: 16 gNB antenna ports. Right: 32 gNB antenna ports.

2.1.2 Type I vs. Type II CSI
Here we make a similar comparison as in previous section but now comparing performance for precoding based on Type I or Type II CSI feedback. In this case, the baseline scheme for comparison is SU-MIMO using Type I CSI feedback. For Type II CSI, the Rel-16 regular codebook with parameter combination 5 was used. Other simulation parameters are the same as in the previous section.
Figure 2 shows that Type II CSI gives better performance at 3 km/h; but at UE speeds around 10 km/h and higher, type I gives better performance. Hence, precoding based on Type I CSI feedback is more robust to channel ageing than Type II CSI feedback. 

[bookmark: _Toc111224787]Type II CSI gives better performance at 3km/h, but at UE speeds above 10km/h and higher, type I CSI gives better performance.

[image: ][image: ]
[bookmark: _Ref108187072]Figure 2. Relative mean user throughput vs. UE speed for Type I and Type II CSI. Left: 16 gNB antenna ports. Right: 32 gNB antenna ports.

[bookmark: _Toc111224788]Precoding based on Type I CSI feedback is more robust to channel aging than precoding based on Type II CSI feedback.
A possible explanation to why Type I CSI is more robust to channel ageing than Type II CSI can be that Type II gives very detailed channel information that becomes outdated quite fast when the UE moves. Type II CSI is based on co-phasing between different propagation paths which can vary quite fast, whereas Type I CSI is based on only the directions to the dominating propagation paths which vary much slower.
The results in these two sections show that there is a need to be able to identify channel ageing conditions corresponding to a UE speed of around 10 km/h in this scenario in order to select the best CSI acquisition scheme for DL precoding. However, it should be stressed that the UE speed is not the important parameter per se, since the channel variations also depend on other factors such as the relative angles between the UE velocity vector and the different channel rays (which are random in a system simulation). The important parameter is how fast the channel varies which can be quantified by, e.g., the channel autocorrelation function. In general, a speed of 10 km/h corresponds to a channel correlation time which is significantly longer than two slots. Therefore, in order to be able to detect such low speed conditions from a TDCP report, support for measuring and reporting autocorrelation lags over multiple TRS bursts is needed. 
[bookmark: _Toc111224789]There is a need to be able to identify how fast he channel varies in order to select the best CSI acquisition scheme for DL precoding.
[bookmark: _Toc111224790]The cross-over points of performance for both evaluated use cases are at low speed, e.g, 10km/h.

2.2 TDCP report parameter
The simulation assumptions for all LLS results presented in this section are given in Table 5 in Appendix 7A.2.2.1 Autocorrelation and Doppler measures
All use cases considered rely on knowledge about how fast the channel varies with time. This is directly captured by the normalized autocorrelation function (i.e. the cross correlation in time). The normalized autocorrelation function is also easily defined and measurable in a direct way with low complexity. We therefore propose that the autocorrelation (i.e. the crosscorrelation in time) should be reported in some form.
[bookmark: _Toc111224821]Autocorrelation (i.e. the cross correlation in time) should be reported as TDCP parameter for TRS based TDCP reporting as the TDCP quantity.
We think the best method is to report the autocorrelation function for a number of autocorrelation lags, corresponding to the lags between TRS symbols in a single TRS-burst, as well as lags between different TRS bursts. This gives the most detailed information about the channel variation for over different lags. We think the signalling load for reporting the Autocorrelation for a small number of autocorrelation lags is small.
[bookmark: _Toc111224791]Autocorrelation function for a number of autocorrelation lags, corresponding to the lags between TRS symbols in a single TRS-burst as well as lags between different TRS bursts, is the best method for TRS based TDCP reporting.
To further reduce the feedback overhead,  the UE could instead estimate some parameter that characterises the normalized autocorrelation function. Note, though that such alternatives come with a cost in limiting the knowledge that is conveyed about channel variations.
[bookmark: _Toc111224792]To reduce the overhead some alternative parameter that characterises the normalized autocorrelation function can be estimated, with a cost in limiting the knowledge about channel variations.
One alternative could be for the UE to report a level crossing point, i.e. the autocorrelation lag for which the normalized autocorrelation crosses a certain value , such as e.g. . I.e. the level crossing point  is the autocorrelation lag such that  and  for .
Another alternative would be to use the form of the autocorrelation for low autocorrelation lags (we use here the fact that the normalized autocorrelation function is equal to 1 for zero autocorrelation lag and that the autocorrelation is an even function of the autocorrelation lag).


where  is the autocorrelation lag and  is the low autocorrelation lag characteristic of the autocorrelation function that the UE would report. This is in fact essentially equivalent to reporting the second moment of the Doppler power spectrum 

which is a measure of the Doppler spread. We have

Reporting of  or  would give good information about the channel variation for very low autocorrelation lags. It would, however, not be able to predict the rather abrupt break-off point where the CDL channels takes off steeply downwards as can be seen in Figure 4.
One may note that for TDL channels the AoA is homogenously distributed over all angles, i.e. the Jakes model holds and

where  is the maximum Dopplershift.
Thus, for TDL channels case we have

However, it’s essential not to report the maximum doppler shift  itself since that will not give us what we want when the Jakes model isn’t applicable to the channel, as is the case for more realistic channels like CDL channels. In Figure 3 and Figure 4 the autocorrelation function is shown for three different channels with the same UE velocity and maximum doppler shift  but with vastly different channel variability in time. This clearly shows that the maximum doppler shift  isn’t a good measure of channel variability in time.
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Description automatically generated]
[bookmark: _Ref111030164]Figure 3 Ideal autocorrelation function for different channels with the same UE speed 3km/h and same corresponding maximum Doppler shift. 
[image: Chart, line chart

Description automatically generated]
[bookmark: _Ref111112180]Figure 4 Ideal autocorrelation function for different channels with the same UE speed 10km/h and same corresponding maximum Doppler shift. 
The autocorrelation function depends strongly on the AoA spread and ZoA spread. For TDL channels the AoA is homogenously spread over all angles and thus the autocorrelation for TDL-A fits perfectly with the Jakes model. For CDL channels the the AoA and ZoA is modeled in a more realistic way with a certain spread. The autocorrelation function for CDL-A differs a lot from the autocorrelation function of TDL-A even though the UE velocity and the maximum doppler shift is the same. If the maximum doppler shift was reported the same value would be reported for all the three channels despite the fact that the channel variability is vastly different. Since we are interested in how fast the channel varies with time, we should therefore use the autocorrelation function rather than the maximum doppler shift.
[bookmark: _Toc111224793]Maximum doppler shift would be the same for channels with vastly different channel variabilities, and it does not reflect how fast channel varies with time.
The UE could estimate the autocorrelation for a number of autocorrelation lags based on a number of TRS bursts and based on that it could estimate  ,  or  using standard methods like interpolation and curve fitting. The detailed implementation and exactly what autocorrelation lags to use need not be specified but can be left for implementation.
An alternative is for the UE to actually report the estimated autocorrelation for a number of autocorrelation lags. This gives the gNB maximum information but comes at the cost of larger signalling overhead.
We also note that the autocorrelation is very straight forward to estimate and has low complexity. Below we give a couple of example implementations.
Let  be the received frequency domain TRS samples after matched filtering. Index denote the different OFDM symbols carrying the TRSs used for the correlation estimation. The starting point in time of the OFDM symbol  is given by . Index n denote TRS sample index (assumed to be proportional to subcarrier index).
Let  be the -indices of  symbol pairs to use for the estimation of the correlation for a delay . It is assumed that the  symbol pairs are separated by the same distance in time. All symbol times  are also assumed to be within the measurement interval 
An estimate of the normalized time domain correlation for a delay  can be calculated in the frequency domain as
,
Alternatively, the calculation can be done in the time domain as
,
where


And where the sum over time samples is over sets  defined to suppress noise, e.g. by using a noise threshold such as e.g.

where  are noise estimates. 
Due to limited averaging over time and possibly also due to frequency offsets, the correlation  is complex valued. To get a real estimate one may define the final estimate e.g. as

[bookmark: _Toc111224794]Autocorrelation is very straight forward to estimate and has low complexity.
To estimate the maximum Doppler shift on the other hand is very complex. This relies on the following steps 
1. Identify channel peaks in the channel impulse response
a. As best as possible given limited time resolution that merge multiple peaks into one
b. As best as possible despite very limited or no resolution in angle of arrival which merges multiple peaks into one
c. Avoiding side peaks and noise peaks
2. Match channel peaks identified at different time instances
3. Estimate the Doppler shift of each identified and matched peak
4. Calculate the maximum Doppler shift  as the largest Doppler shift estimated for any peak minus the smallest doppler shift estimated for any peak, divided by two.
We have implemented such an algorithm. It’s very complex and to explain it in detail would require a separate contribution. 
[bookmark: _Toc111224795]Estimating the maximum Doppler shift based on channel peak(s) estimate is very complex.
In order to be able to compare this algorithm with Autocorrelation estimation we use the TDL-A channel for which the Jakes model is valid, for which

as described above. Thus, the autocorrelation estimate can be transformed into an estimate of the maximum Doppler shift . In Figure 5 we show the result, showing that the Autocorrelation based estimate totally outperforms the channel peak based estimate. It has both lower bias and lower standard deviation than the peak based estimate.
[image: Chart, line chart

Description automatically generated]
[bookmark: _Ref111032613]Figure 5 Comparison of autocorrelation estimation with estimation of Doppler shifts per identified channel peak. In order to allow a comparison a TDL-channel is used for which the Jakes model is valid and the autocorrelation estimate can be transformed into an estimate of the maximum Doppler shift. Note that the result is for a single TRS burst. By averaging over multiple bursts the standard deviation can be reduced.

[bookmark: _Toc111224796]Estimating maximum Doppler shift from the autocorrelation function has lower bias and standard deviation than from estimates of channel peaks.
Below we give some further comments regarding the alternative report parameters
2.2.2 Alt1. Doppler shift
Here we don’t understand the intention. A single Doppler shift has no value since the receiver adopts the receive frequency (used for downspreading) to the receive frequency of the receive signal. The relative Doppler shift of e.g multiple channel peaks (as in Alt. 4B) or the relative Doppler shift of multiple TRSs transmitted from different TRPs may carry some information. The use case needs to be explained.
Doppler shift isn’t our preferred TDCP report parameter.
[bookmark: _Toc111224797]Use case for Doppler shift needs to be explained. Doppler shift of multiple channel peaks or single Doppler shift is not good report parameter for channel variability in time.
[bookmark: _Hlk111034498]2.2.3 Alt2. Doppler spread
The Doppler spread  defined as the second moment of the Doppler power spectrum  (the Fourier transform of the autocorrelation function)

is directly related to the second derivative of the autocorrelation at zero autocorrelation lag and thus gives the form of the autocorrelation function for small autocorrelation lags as described in. However, it can’t predict the rather abrupt break-off point where the CDL channels takes off steeply downwards as can be seen in Figure 4. Compared to the autocorrelation it gives less information about the channel variations.
We note that measurements of the second moment of the Doppler power are most likely being performed in the time-lag domain rather than in the Doppler-shift domain. In fact it would most likely be based on measurements of the Autocorrelation for a number of autocorrelation lags. Thus, if this measure would be used, a definition based on the autocorrelation would be preferable than one based on the Doppler power spectrum. Thus we think the Doppler spread  could be defined in terms of the normalized autocorrelation function by


[bookmark: _Toc111224798]Doppler spread could be defined in terms of normalized autocorrelation function.
Other Doppler spread measures are less useful. The low lag behavior of the autocorrelation function can’t be deduced without making assumptions on the form of the Doppler power spectrum.
As an example, consider the commonly used definition of the Doppler spread as the maximum Dopplershift . This works fine for TDL channels for which the AoA is homogenously distributed over all angles and thus the Jakes model holds. For the fast fading models defined in section 7.5 of 38.901, channel clusters and rays are distributed according to specified mean AoA, mean ZoA, AoA spread and ZoA spreads. The probability to have a ray with AoA or ZoA far outside the region given by the mean and the spread is small and the power of such a ray would typically also be small. Still, the probability is larger than zero and thus  just as for TDL. This measure would, however, be highly volatile, giving widely different results depending on the instantaneous realization of the CDL channel. A huge amount of averaging over time would be needed to really capture  which would in real life be totally impractical. As already discussed, it would also not give the information about the channel variability that we are after.
Other Doppler spread measures such as the maximum Doppler shift  should not be used for TDCP reporting.
[bookmark: _Toc111224822]Doppler spread measures other than normalized autocorrelation, such as maximum Doppler shift, shall not be used for TDCP reporting.
2.2.4 Alt3. Cross-correlation in time
Cross correlation in time, or equivalently the autocorrelation function is our preferred TDCP report parameter.
As described in section 2.2.1 above
· It has low complexity
· It gives good accuracy and low bias
· It gives a direct measure of the channel variability that we are after in order to address the identified use-cases

[bookmark: _Toc111224799]Autocorrelation function, i.e. cross-correlation in time, has low complexity, good accuracy and low bias, it gives direct measure of the channel variability to address the identified use-cases.

The autocorrelation should preferably be reported for a number of autocorrelation lags. This gives maximum information about the channel variability to the gNB. The signaling overhead would be small. Compared to CSI-feedback it would be negligible.
[bookmark: _Toc111224823]Report autocorrelation for a number of autocorrelation lags in TDCP reporting.
Alternatively a parameter characterizing the autocorrelation could be reported as described in section 2.2.1 above. This would give less information about the channel variability to the gNB but could save some signaling load. We think, however, that the small gain in signaling load can’t motivate the loss in information about channel variations.
2.2.5 Alt4A. Relative Doppler shift of a number of peaks in CIR
This is only an indirect measure of channel variability, which is what we are after in order to address the use-cases discussed. To interpret the ‘Relative Doppler shift of a number of peaks in CIR’ in terms of channel variability will always have to depend on an assumption on the form of the Doppler power spectrum.
This is also a very complex measurement which in the end gives worse performance than the autocorrelation as shown in Figure 5. 
[bookmark: _Toc111224800]“Relative Doppler shift of a number of peaks in CIR” is only an indirect measure of channel variability, it is also a very complex measurement and gives worse performance than the autocorrelation.
If the Doppler shifts are supplemented with peak powers this becomes an estimate of the Doppler power spectrum. This could in principle be transformed into an estimate of the autocorrelation by means of a DFT. This would, however, give much worse accuracy than measuring the autocorrelation directly.
2.2.6 Alt4B. Relative Doppler shifts of different TRSs
The Doppler shift depends on the AoA and ZoA and not on the AoD and ZoD. The Doppler shift is therefore only in a very indirect way dependent on the TX beam. In fact, the dependence would be expected to be small. Therefore, we don’t see any value in measuring the relative Doppler shift for TRSs transmitted over different TX beams from the same TRP.
[bookmark: _Toc111224801]Doppler shift depends on AoA and ZoA, not on the AoD and ZoD, it has very small dependence on TX beam.
Relative Doppler shifts of different TRSs should not be used as a TDCP report parameter.
[bookmark: _Toc111224824]“Relative Doppler shifts of different TRSs” should not be used as a TDCP report parameter.
2.2.7 Alt5: CSI-RS resource and/or CSI reporting setting configuration assistance
The UE has no way of knowing what alternative configurations the gNB can make.
[bookmark: _Toc111224802]The gNB choice of configurations and schemes depends on reports from multiple UEs and lots of other information about which the UE has no knowledge. The UE has no way of knowing what alternative configurations the gNB can make. The UE has no way of knowing what types of reciprocity based schemes the gNB can use. The gNB choice of configurations and schemes depends lots of information about which UE has no knowledge.
[bookmark: _Toc111224825]“CSI-RS resource and/or CSI reporting setting configuration assistance” should not be used for TDCP reporting.


2.3 Multi TRS burst measurements
The change of the channel obviously increases with time. Noise on the other hand is independent of time. Measuring the change of the channel over a longer time lag, therefore gives better accuracy.
However, for very large lags the autocorrelation starts to oscillate and becomes hard to utilize unless measurements are made for a very large sets of autocorrelation lags that allow the oscillations to be tracked.
Thus, we typically want to use a large autocorrelation lag, but not so large that we get into the oscillatory region of the autocorrelation function.
This can be seen for low SNR in Figure 6 and Figure 7, and for high SNR in Figure 8 and Figure 9. Note that Figure 7 is just a zoomed in version of Figure 6 showing low velocities in more detail. Likewise, Figure 9 is just a zoomed in version of Figure 8.
Here we show the estimates of the Doppler spread defined as the second moment of the Doppler power spectrum, but estimated based on the measured Autocorrelation function for different autocorrelation lags. Each estimate is based on only one Autocorrelation estimate, with a given autocorrelation lag.
If we look at the green curve corresponding to an autocorrelation lag of five slots, we can see that it performs decently well (i.e. it’s close to the dashed curve representing the ideal Doppler spread) for low velocities but trails off above 20km/h. This is due to the fact that the oscillatory region of the autocorrelation is reached.
If we look at the red curve corresponding to an autocorrelation lag of one slot, we see that it performs very badly at low velocities but starts to work decently from about 50km/h and upwards. The reason for the bad performance at low velocities is due to that the noise is large compared to the change of the channel. Note that a low velocity channel varies slowly with time.
The blue curve corresponding to an autocorrelation lag of only 4 symbols performs bad over the whole region of velocities studied. It would start to become useful at about 150km/h.
We note that the red and blue curves, corresponding to autocorrelation lags of respectively one slot and 4 symbols are the only measurement that can be performed as intra-TRS-burst measurements. All the other measurements require measurements across two TRS bursts separated by the autocorrelation lag used.
We note that intra-TRS-burst measurements don’t give decent performance below 50km/h. On the other hand, we have seen that our use cases require accurate estimates at the order of 10km/h. We conclude that multi-TRS burst measurements are necessary.
[bookmark: _Toc111224803]Estimates based on intra-TRS autocorrelation lags doesn’t give decent accuracy below 50km/h.
If we look in more detail in Figure 7 and Figure 9 zoomed in on low velocities, we see that the estimates based on autocorrelation lags of 20 or 40 slots perform best at 3km/h. The estimate based on an autocorrelation lag of 10 slots performs best at 6km/h while the estimate based on an autocorrelation lag of 5 slots performs best at 10km/h. We note that different Autocorrelation lags are suitable for different UE velocities.
[bookmark: _Toc111224804]Estimates based on inter-TRS : autocorrelation lags of 20 or 40 slots perform best at 3km/h; autocorrelation lags of 10 and 5 slots performs best at 6km/h and 10km/h respectively.
[bookmark: _Toc111224805]Different autocorrelation lags are suitable for different UE velocities.
We note also that a simple algorithm with access to autocorrelation estimates for multiple autocorrelation lags could select the appropriate lag to use and always achieve the best possible estimate of the Doppler spread. A clever algorithm could use autocorrelation estimates for multiple autocorrelation lags in more advanced ways (e.g. through curve fitting) to improve accuracy further.
[bookmark: _Toc111224806]Access to autocorrelation estimate for multiple lags can be used to obtain accurate estimate of Doppler spread for all UE speeds.
[bookmark: _Toc111224826]Support Autocorrelation estimate for multiple lags in TDCP reporting, including inter-TRS and intra-TRS autocorrelation lags.
Finally, we note that the above analysis is not limited to estimates of the Autocorrelation. The same applies e.g. to measurements of Doppler shifts. A larger lag results in a larger phase rotation to measure, while noise remains the same. Thus, a large lag results in better accuracy for the Doppler shift measurement. A too high lag, on the other hand, result in phase ambiguities that make it impossible to estimate the Doppler shift unambiguously. In order to achieve accurate enough Doppler shifts for use cases around 10km/h, multi-TRS burst measurement would be needed also for Doppler shift based estimates.

[bookmark: _Toc111224807]Multi-TRS burst measurement would be needed also for Doppler shift estimates for use cases around 10km/h: a large lag results in better accuracy for both Autocorrelation and Doppler shift measurement; while a too high lag results in phase ambiguities for both measurements.
[image: ]
[bookmark: _Ref111123966]Figure 6 Estimates of Doppler spread defined as the second moment of the Doppler power spectrum, based on measurements of the autocorrelation function for different autocorrelation lags. Each estimate (i.e. each curve) utilize one measurement of the Autocorrelation for one single autocorrelation lag. The channel is TDL-A with 100ns delay spread and the SNR is 0dB. Note that accuracy could be further improved by averaging over multiple measurements of the autocorrelation function for a single lag.

[image: ]
[bookmark: _Ref111126864]Figure 7 This is Figure 6 zoomed in on low velocities.

[image: ]
[bookmark: _Ref111123968]Figure 8 Estimates of Doppler spread defined as the second moment of the Doppler power spectrum, based on measuremnents of the autocorrelation function for different autocorrelation lags. Each estimate (i.e. each curve) utilize one measurement of the Autocorrelation for one single autocorrelation lag. The channel is TDL-A with 100ns delay spread and the SNR is 30dB. Note that accuracy could be further improved by averaging over multiple measurements of the autocorrelation function for a single lag.

[image: ]
[bookmark: _Ref111124960]Figure 9 This is Figure 8 zoomed in on low velocities.

2.4 TDCP reporting format
TDCP reporting is a stand-alone report that is independent of CSI configuration parameters. 
[bookmark: _Toc111224827]Support TDCP reporting format as a stand-alone report in Rel-18.


[bookmark: _Ref189046994][bookmark: _Hlk102135948]3	Type II codebook refinement for high/medium UE velocities
In RAN1#109-e meeting, following agreements were made related to Type II codebook refinement for high/medium UE velocities:

Agreement
The work scope of Type-II codebook refinement for high/medium velocities includes refinement of the following codebooks, based on a common design framework:
· Rel-16 eType-II regular codebook
· Rel-17 FeType-II port selection (PS) codebook
FFS: Whether to prioritize/down-select from the two

Agreement
The work scope of Type-II codebook refinement for high/medium velocities includes down selection from the following codebook structures (for discussion purposes):
· Alt1. Time-domain basis, 
· Alt1A: Time-domain basis commonly selected for all SD/FD bases, e.g.  
· Alt1B: Time-domain basis independently selected for different SD/FD bases 
· Alt2. Doppler-domain basis 
· Alt2A: Doppler-domain basis commonly selected for all SD/FD bases, e.g. 
· Alt2B: Doppler-domain basis independently selected for different SD/FD bases 
· Note that  may be the identity as a special case 
· Alt3. Reuse Rel-16/17 (F)eType-II codebook with multiple  and a single  and  report.

Agreement
The work scope of Type-II codebook refinement for high/medium velocities includes down selection from the following Doppler-/time-domain basis waveforms for codebook design: 
· Alt1. Orthogonal DFT (with or without rotation factor)
· Alt2. Oversampled DFT
· Alt3. Other waveforms, e.g. DCT, Slepian
· Alt4. Identity (i.e. no Doppler-/time-domain compression) 

Agreement
The work scope of Type-II codebook refinement for high/medium velocities includes the following CSI measurement and calculation aspects:
· Potential refinement on Resource setting configuration on CSI-RS (for CSI and/or tracking) for measuring a burst of CSI-RS, including the applicable time-domain behaviors
· Whether/how UE-side or gNB-side prediction is assumed for CQI/PMI/RI calculation 
· Potential enhancements on CQI definition and calculation procedure in relation to the PMI of Rel-18 Type-II codebook for high/medium velocities
· Potential enhancement on definition of CSI reference resource

Agreement
On the Type-II codebook refinement for high/medium velocities, for codebook structures with TD or DD basis (Alt1 or Alt2 from codebook structure agreement), the codebook(s) include at least the following additional codebook parameters:
· Doppler-/time-domain (DD/TD) basis vector length
· Parameters for DD/TD basis vector selection, including 
· The number of DD/TD basis vectors 
· If applicable, Basis selection indicator(s)
· FFS: restrictions on the basis vector selection
· If applicable, the total number of available DD/TD basis vectors (not needed for orthogonal DFT basis set), whether explicitly or implied from another parameter (e.g. oversampling factor)

Agreement
For the Type-II codebook refinement for high/medium velocities, further study the following issues:
· The need for basis type indicator, if both a trivial basis (e.g. identity) and a non-trivial (e.g. DFT) basis are supported, and if so, whether implicit or explicit
· The need for DD/TD (compression) unit (analogous to PMI sub-band for Rel-16 codebook) 

Agreement
On potential refinement of Resource setting configuration associated with Type-II codebook refinement for high/medium velocities, study the following options to assess whether/how the legacy Resource setting configuration needs to be enhanced for “burst” measurement:
· Periodic (P) CSI-RS: periodicity and offset
· Semi-persistent (SP) CSI-RS: activation/deactivation, periodicity, and offset
· Aperiodic (AP) CSI-RS: triggering, offset of a group of AP CSI-RS resources   
FFS: Support for K>1 NZP CSI-RS resources association with Type-II codebook refinement for high/medium velocities
FFS: Whether specification support for jointly utilizing two types of CSI-RS time-domain behaviors is needed 
Agreement
On the CSI reporting and measurement for the Type-II codebook refinement for high/medium velocities, at least for discussion purposes, define the following:
· Assume a CSI report in slot n, and let the length of the DD/TD basis vector be N4 
· Note that basis vector has no span/window in time-domain, only length
· CSI-RS measurement window of [k,k+Wmeas –1], representing the window in which CSI-RS occasion(s) are measured for calculating a CSI report
· k is a slot index and Wmeas is the measurement window length (in slots)
· Note: In the legacy Rel-16/17 CSI, the CSI-RS occasion(s) are configured in CSI-ReportConfig
· CSI reporting window of [l,l+WCSI –1], associated to the CSI report in slot n 
· l is a slot index and WCSI is the reporting window length (in slots)
· CSI reference resource(s) in time-domain 
· The location of a CSI reference resource is denoted as nref (slot index)

Agreement
On the CSI reporting and measurement for the Type-II codebook refinement for high/medium velocities, consider at least the following alternatives for potential down-selection:
· Alt1: nref (CSI reference resource slot) as boundary 
· Alt1.A:  l + WCSI –1 ≤ nref
· Alt1.B:  l ≥ nref
· Alt1.C: l < nref and l + WCSI –1 > nref 
· Alt2: n (report slot) as boundary
· Alt2.A: l + WCSI –1 ≤ n
· Alt2.B: l ≥ n
· Alt2.C: l < n and l + WCSI –1 > n
· Alt3: End slot of Wmeas (k + Wmeas –1) as boundary 
· Alt3.A: l + WCSI –1 ≤ k + Wmeas –1 with the following as a special case: l=k, WCSI = Wmeas
· Alt3.B: l ≥ k + Wmeas –1
· Alt3.C: l < k + Wmeas –1 and l + WCSI –1 > k + Wmeas –1 with the following as special cases:
· l=k, l + WCSI = n
· l=k, l + WCSI > n
FFS: whether nref represents the slot index of Rel-15 CSI reference resource or a newly defined CSI reference resource
FFS: whether/how the CSI measurement window and reporting window are configured



3.1  Refinement of Rel-16 vs Rel-17 Type II Codebook
On Type II codebook refinement for high/medium velocities, the following agreement was reached in the last RAN1 meeting. 
Agreement
The work scope of Type-II codebook refinement for high/medium velocities includes refinement of the following codebooks, based on a common design framework:
· Rel-16 eType-II regular codebook
· Rel-17 FeType-II port selection (PS) codebook
FFS: Whether to prioritize/down-select from the two
Regarding the issue of whether to prioritize one over the other, the question is whether both codebooks should be refined at the same time or whether one of them should be prioritized first.  Given that Rel-16 and Rel-17 type II codebook were specified in two separate releases,  it may be easier to manage by specifying refinement for one first and propagate any relevant changes to the other after.  Our preference is to do refinement based on Rel-16 type II codebook first and then consider Rel-17 type II codebook refinement later.  
[bookmark: _Toc111224828]It is preferred to define refinement of Rel-16 regular Type II codebook first before Rel-17 type II codebook.


3.2  On codebook structure
Regarding possible codebook structures, the following alternatives were captured for the purpose of discussion:
Agreement
The work scope of Type-II codebook refinement for high/medium velocities includes down selection from the following codebook structures (for discussion purposes):
· Alt1. Time-domain basis, 
· Alt1A: Time-domain basis commonly selected for all SD/FD bases, e.g.  
· Alt1B: Time-domain basis independently selected for different SD/FD bases 
· Alt2. Doppler-domain basis 
· Alt2A: Doppler-domain basis commonly selected for all SD/FD bases, e.g. 
· Alt2B: Doppler-domain basis independently selected for different SD/FD bases 
· Note that  may be the identity as a special case 
· Alt3. Reuse Rel-16/17 (F)eType-II codebook with multiple  and a single  and  report.

We first note that the time-domain and Doppler-domain basis representations are mathematically equivalent.  Among Alt1A and Alt2A, Alt2A is slightly preferred from our perspective.  Hence, we prefer to exclude Alt1A and Alt1B in further discussions.  Furthermore, it should be noted that Alt2B can be a subset of Alt2A.  For example, it is possible to realize Doppler-domain basis that are independently selected for different SD/FD basis by first selecting all the Doppler-domain bases for all the different SD/FD bases in  and then setting certain coefficients in  to zero.  Hence, we think Alt2B can also be dropped from further discussion moving forward. 

[bookmark: _Toc111224808]On Codebook structure for Type II codebook refinement for high/medium velocities, Alt1A and Alt2A are mathematically equivalent, and hence Alt1A does not need to be considered in further discussion.
[bookmark: _Toc111224809]On Codebook structure for Type II codebook refinement for high/medium velocities, Alt2B can be realized in Alt2A by setting certain coefficients in  to zero, and hence Alt2B does not have to be considered in further discussion.

Regarding Alt3, there seems to be different understandings on how the components of Alt3 codebook structure are reported.  In our view, it is good to first clarify that in Alt3 the multiple ’s along with the single  and single  are reported in one CSI reporting instance (i.e., the CSI report is self-contained).  Hence we make the following proposal:
[bookmark: _Toc111224829]In Codebook structure Alt3 for Type II codebook refinement for high/medium velocities, the multiple W2’s along with W1 and Wf are all reported in a single self-contained CSI report.

In Table 1, we show our system level results for an Alt 3 type codebook structure at 30 km/hr velocity with 32 Tx and 4 Rx.  Alt 3 is simulated with 1 UE predicted W2 and 5 UE predicted W2’s. The performance of Alt3 is compared to the Rel-16 Type II baseline.  Also shown in Table 1 are the performance gains with ideal prediction of W2. More details of the system level simulations can be found in Section 3.4.  From the results, it can be observed that Alt3 provides notable performance gains at 30km/hr over Rel-16 type II CSI:
· With 5 UE predicted W2’s, 7% and 15% mean throughput gains are observed at RUs of 50% and 70%;
· With 1 UE predicted W2, 9% and 17% mean throughput gains are observed at RUs of 50% and 70%;

For the results in Table 1, it is observed that that Rel-18 Type II (Alt3) with 1 UE predicted W2 performs quite close to Rel-18 Type II (Alt3) with 5 UE predicted W2.

Table 2 shows evaluation results at 60 km/hr velocity with 16 Tx and 2 Rx.  Once again, Alt 3 is simulated with 1 UE predicted W2 and 5 UE predicted W2’s. The performance of Alt3 is compared to the Rel-16 Type II baseline.  Also shown in Table 2 are the performance gains with ideal prediction of W2.  From the results, it can be observed that Alt3 with 5 predicted W2’s provides notable performance gains over Rel-16 type II CSI.  In addition, Alt3 with 5 predicted W2’s provides notable performance gains over Alt3 with 1 predicted W2.  For the results in Table 2:
· With 5 UE predicted W2’s, 26% and 46% mean throughput gains are observed at RUs of 50% and 70%;
· With 1 UE predicted W2, 16% and 27% mean throughput gains are observed at RUs of 50% and 70%;

From the results in Table 2, we can see some potential with feeding back multiple W2’s in which case time-domain/Doppler-domain compression may be beneficial in some scenarios.  Hence, we suggest to further evaluate Alt2A and Alt3 moving forward.  It should be noted that Alt3 is equivalent to Alt2A with  matrix set to identity.
[bookmark: _Toc111224810]Based on the results we have presented so far with Alt3 codebook structure of Rel-18 Type II Doppler codebook, we can see that how many W2’s need to be reported is scenario specific.

Given the above observations, we make the following proposal:
[bookmark: _Toc111224830]For Type II codebook refinement for high/medium velocities, further evaluate the following alternatives:
[bookmark: _Toc111224831]->  Alt 2A: Doppler-domain basis commonly selected for all SD/FD bases, e.g.  
[bookmark: _Toc111224832]     Note that Wd may be the identity as a special
[bookmark: _Toc111224833]->  Alt 3: Reuse Rel-16/17 (F)eType-II codebook with multiple  and a single  and  report  

[bookmark: _Ref111064943]Table 1: Evaluation results for Alt.3 compared to Rel-16 Type II baseline and ideal UE prediction with 32 Tx, 4 Rx, and 30 km/hr
	RU
	
	Throughput gain over Rel-16 Type II codebook for 30 km/hr

	
	
	Rel-16 type II parameter combinations per TRP

	
	
	Rel-18 Type II (Alt3) – 1 UE Predicted W2
	Rel-18 Type II (Alt3) – 5 UE Predicted W2’s
	Ideal UE Prediction of 5 W2’s 

	50%

	Mean 
	9%
	7%
	12%

	
	Cell edge 
	8%
	9%
	23%

	70%

	Mean 
	17%
	15%
	17%

	
	Cell edge 
	28%
	32%
	37%



[bookmark: _Ref111218213]Table 2: Evaluation results for Alt.3 compared to Rel-16 Type II baseline and ideal UE prediction with 16 Tx, 2 Rx, and 60 km/hr
	RU
	
	Throughput gain over Rel-16 Type II codebook for 60 km/hr

	
	
	Rel-16 type II parameter combinations per TRP

	
	
	Rel-18 Type II (Alt3) – 1 UE Predicted W2
	Rel-18 Type II (Alt3) – 5 UE Predicted W2’s
	Ideal UE Prediction of 5 W2’s 

	50%

	Mean 
	16%
	26%
	34%

	
	Cell edge 
	49%
	79%
	115%

	70%

	Mean 
	27%
	46%
	61%

	
	Cell edge 
	72%
	156%
	219%



3.3  UE side prediction vs gNB side prediction
For CSI reporting related to Type II Doppler CSI, the following was agreed:
Agreement
On the CSI reporting and measurement for the Type-II codebook refinement for high/medium velocities, consider at least the following alternatives for potential down-selection:
· Alt1: nref (CSI reference resource slot) as boundary 
· Alt1.A: l + WCSI –1 ≤ nref
· Alt1.B: l ≥ nref
· Alt1.C: l < nref and l + WCSI –1 > nref 
· Alt2: n (report slot) as boundary
· Alt2.A: l + WCSI –1 ≤ n
· Alt2.B: l ≥ n
· Alt2.C: l < n and l + WCSI –1 > n
· Alt3: End slot of Wmeas (k + Wmeas –1) as boundary 
· Alt3.A: l + WCSI –1 ≤ k + Wmeas –1 with the following as a special case: l=k, WCSI = Wmeas
· Alt3.B: l ≥ k + Wmeas –1
· Alt3.C: l < k + Wmeas –1 and l + WCSI –1 > k + Wmeas –1 with the following as special cases:
· l=k, l + WCSI = n
· l=k, l + WCSI > n
FFS: whether nref represents the slot index of Rel-15 CSI reference resource or a newly defined CSI reference resource.
FFS: whether/how the CSI measurement window and reporting window are configured.

From our early results, we observe that UE side prediction is feasible and provides gains under certain conditions (see our system level results in Table 1 and our link level results in Figure 12).  For the case with UE side prediction, UE would be predicting CSI in the CSI reporting window  starting in a future slot  after slot n in order to be used for gNB scheduling .  Hence, we think  Alt 2B  should be supported in Rel-18.  As for gNB side prediction or the combined UE+gNB prediction, we haven’t observed gains so far, and further study is needed in our view on whether it is feasible.
[bookmark: _Toc111224834]For CSI reporting related to Type II codebook refinement for high/medium velocities, reporting slot n is used as the reference and the prediction window is located in slots l ≥ n (Alt 2B)

3.4	System level simulation results
We have performed SLS simulations based on the EVMs with values as stated in Table 8 for two scenarios: (a) 32 TXs, 4 RXs and 30 kmph UE speed, (b) 16 TXs, 2 RXs and 60 kmph UE speed. Figure 10 shows the user-throughput versus served traffic in the case of R16 Type II CSI feedback and the enhanced R18 CSI feedback with UE based PMI prediction for Scenario (a). Figure 11 shows the same type of results for Scenario (b). 
[bookmark: _Ref111118538]Figure 10 SLS results showing the gains of UE based PMI prediction (Ideal and a realistic AR based method) for 32TXs, 4 RXs, 30 kmph


[bookmark: _Ref111118552]Figure 11 SLS results showing the gains of UE based PMI prediction (Ideal and a realistic AR based method) for 16 TXs, 2 RXs, 60 kmph


In the simulation, the UE predicts the beam-space channel (using a common W1) every 5 ms into a future window and uses it to compute R16 Type II CSI (PMI [W1, W2, Wf], CQI and RI) to be feedback in a single report. We consider the two cases that the UE feedbacks either 1 CSI per report or 5 CSI (i.e., 5 different PMI and CQI, that shares a common W1 and RI) per report (one for each slot in the CSI periodicity). The UE prediction also accounts for the 4 ms scheduling delay that was assumed in the R16 Type II baseline. Two prediction methods have been considered: (i) an autoregressive (AR) method using B earlier CSI-RS measurements separated by d slots (which we assume the UE can buffer and store), (ii) an ideal channel predictor (which measures the channel without any delay at a future slot). An interference measurement every 5 ms (that is not buffered or predicted, i.e., it has the same 4 ms scheduling delay as the R16 baseline) is used to compute the CQI.
We note that for Scenario (a) 1 CSI per report performs roughly the same as 5 CSI per report, which indicate that predicting and accounting for the scheduling delay yields the main performance benefit. For Scenario (b) the 5 CSI per report clearly outperforms the 1 CSI case, however, accurate AR based predictions require more and denser sampled CSI measurements for Scenario (b). 
3.5	Link level simulation results

Figure 12 shows SU-MIMO throughput as a function of SNR in the case of Rel.16 Type II CSI feedback and the enhanced Rel.18 feedback with UE prediction. The evaluation assumptions used for the simulations are listed in Table 7. CDL-A channel model with a rms delay spread of 100 ns and a UE speed of 30 km/h is used. A CSI report scheduling delay of 4 slots is used. The performance of Rel. 16 Type II CSI feedback degrades as the CSI-RS periodicity (d) and CSI-report periodicity (R) increases. 
The figure also shows the throughput performance, when the UE predicts the beam-space channel (using a common W1) into a future window using an autoregressive (AR) method and reports R16 Type II CSI (PMI [W1, W2, Wf], CQI and RI) corresponding to the predicted channel. The UE predicts the channel into a future window of 5 slots, using B=10 previous CSI-RS measurements spaced d=5 slots apart. When the CSI report scheduling delay is known, a UE can predict the CSI corresponding to a slot at which the CSI feedback will be used by the network. The magenta curve shows the throughput performance when 5 CSI (i.e., 5 different PMI and CQI, that share a common W1 and RI) corresponding to the 5 slots in future are reported. The feedback delay is accounted to predict the channel. For the same CSI-RS periodicity of 5 slot, UE prediction with 5 CSI—(5 CSI, AR, B=10, d=5, R=5) curve—performs noticeably better over the Rel. 16 reference—(Ref. 16, d=5, R=5) curve.
For the considered channel, measurement window and the prediction method used; it can be observed that feeding back a single CSI derived from a predicted channel when accounting for the feedback delay performs as good as the case of feeding back 5 CSI, as shown by the (1 CSI, AR, B=10, d=5, R=5) curve.
[image: ]
[bookmark: _Ref111105908][bookmark: _Ref111105889]Figure 12: Link level results showing the gains of UE prediction


4	Type II Codebook Refinement for CJT 
In RAN1#109e, the following agreements were reached on Type II codebook refinement for CJT over multiple TRPs [2].  In this section, we discuss our views on some remaining issues related to  Type II codebook refinement for CJT. 
Agreement
The work scope of Type-II codebook refinement for CJT mTRP includes refinement of the following codebooks:
· Rel-16 eType-II regular codebook
· Rel-17 FeType-II port selection (PS) codebook
FFS: Whether to prioritize/down-select from the two

Agreement
The work scope of Type-II codebook refinement for CJT mTRP includes the support of NTRP={1, 2, 3, 4} cooperating TRPs for CJT CSI report
· FFS: Signaling of NTRP, e.g. higher-layer (RRC) vs. dynamic 
· FFS: Determination of NTRP, e.g. NW-configured vs UE-selected  
· FFS: Whether to prioritize or only support NTRP={1, 2}

Agreement
The work scope of Type-II codebook refinement for CJT mTRP includes the following NZP CSI-RS (CMR) setups in Resource Setting associated with Rel-18 Type-II codebook for CJT
· Opt1: 1 NZP CSI-RS resource, max # ports = 32
· FFS: whether/how to associate TCI states and CSI-RS ports
· Opt2: K>1 NZP CSI-RS resources with the same number of ports (representing K TRPs)
· FFS: The maximum number of ports per resource, and the total number of ports across all resources 
FFS: Whether to prioritize/down-select from the two options
Agreement
The work scope of Type-II codebook refinement for CJT mTRP includes down-selecting at least one or merging from the following codebook structures:
· Alt1A. Per-TRP/TRP group (port-group or resource) SD/FD basis selection + relative co-phasing/amplitude (including WB and/or SB). Example formulation (N = number of TRPs or TRP groups): 


·  = co-amplitude and
·  = co-phase
· Including special case of  (no co-scaling) or 
· Alt1B. Per-TRP/TRP group (port-group or resource) joint SD-FD basis selection + relative co-phasing/amplitude (including WB and/or SB). Example formulation (N = number of TRPs or TRP groups): 

·  = co-amplitude and
·  = co-phase
· Including special case of  (no co-scaling) or 
· Alt2. Per-TRP/TRP group (port-group or resource) SD basis selection and joint (across N TRPs) FD basis selection. Example formulation (N = number of TRPs or TRP groups):




Agreement
For Rel-18 CSI enhancements, proceed to support and specify the following features (the previously agreed work scopes apply):
· Type-II codebook refinement for CJT mTRP 
· Type-II codebook refinement for high/medium UE velocities exploiting time-domain correlation/Doppler-domain information
· UE reporting of time-domain channel properties (TDCP) measured via CSI-RS for tracking
· The use case of aiding gNB-side CSI prediction is to be confirmed in RAN1#110

Agreement
On the Type-II codebook refinement for CJT mTRP, the resulting codebook(s) are associated with at least the following parameters:
· Parameters for basis reporting, including 
· The number of basis vectors: gNB-configured via higher-layer signaling  
· FFS: Whether it is layer-common or layer-specific, whether it is per TRP/TRP-group or common for all TRPs
· Basis selection indicator(s): a part of CSI report 
· FFS: Whether it is layer-common or layer-specific, whether it is per TRP/TRP-group or common for all TRPs
· Quantized combining coefficients (W2): a part of CSI report
· FFS: details of quantization scheme
· Number of non-zero coefficients and bitmap to indicate non-zero coefficients, including whether it is per TRP/TRP-group (separate) or across all TRPs/TRP-groups (joint): a part of CSI report
· Strongest coefficient indicator(s) (SCI(s)): a part of CSI report
· FFS: One per TRP/TRP-group or common for all TRPs
· FFS: Additional need for strongest TRP indicator

Agreement
For the Type-II codebook refinement for CJT mTRP, further study the following issues:
· The need for the following additional parameters:
· Receiver side information by per RX reporting or per layer, e.g. information related to the left singular matrix U of the channel
· Indication of relative offset of reference FD basis per TRP with respect to a reference TRP
· Information related to the windows for FD basis
· Delay/frequency difference(s) across TRPs
· Specification entity corresponding to a TRP (e.g. port-group, NZP CSI-RS resource)
· For codebooks with per-TRP/TRP-group SD/FD basis (structure Alt1A/1B), whether to support co-amplitude/phase as a part of CSI report (explicit) or not (implicit)
· Design details of reference amplitudes and differential amplitudes in W2: 
· Whether/how supported parameter combinations are refined from Rel-16/17

Agreement
On the Type-II codebook refinement for CJT mTRP, down-select from the following TRP selection/determination schemes (where N is the number of cooperating TRPs assumed in PMI reporting):
· Alt1. N is gNB-configured via higher-layer (RRC) signaling
· The N configured TRPs are gNB-configured via higher-layer (RRC) signaling
· Note: only one transmission hypothesis is reported
· Alt2. N is UE-selected and reported as a part of CSI report where N{1,..., NTRP} 
· N is the number of cooperating TRPs, while NTRP is the maximum number of cooperating TRPs configured by gNB 
· In this case, the selection of N out of NTRP TRPs is also reported (FFS: exact reporting scheme)
· FFS: Configuration of NTRP TRPs and the value of NTRP, whether explicit or implicit
· FFS: In addition to one transmission hypothesis, whether reporting multiple transmission hypotheses (with the same N value or possibly different N values) is supported
· Alt3. The UE reports CSI corresponding to K transmission hypotheses 
· The N configured TRPs are gNB-configured via higher-layer (RRC) signaling
· FFS: supported value(s) of K, and whether the K transmission hypotheses are gNB-configured or UE-reported
Agreement
On the spatial-domain (SD) and frequency-domain (FD) basis design for the Rel-16 Type-II codebook refinement for CJT mTRP, down-select from the following alternatives:
· Alt1 (separate, legacy DFT): SD basis and FD basis are separate, each fully reusing the legacy Rel-16 DFT-based design
· Alt2 (joint, DFT): joint SD-FD DFT-based basis
· FFS: Details on DFT parameters, e.g. length, oversampling (if any), rotation (if any)
· Alt3 (joint, eigenvector): joint SD-FD eigenvector-based basis 
· FFS: eigenvector codebook design, parametrization
· Alt4 (separate, eigenvector): SD basis and FD basis are separate, using eigenvector-based basis 
· FFS: eigenvector codebook design, parameterization

Agreement
On the W2 coefficient quantization scheme for the Type-II codebook refinement for CJT mTRP:
· At least for N=2, reuse the following components of the legacy Rel-16/17 per-coefficient quantization scheme: 
· Alphabets for amplitude and phase
· Quantization of phase and quantization of differential amplitude relative to a reference, reference amplitude (with SCI determining the location of one reference amplitude), where the reference is defined for each layer and each “group” of coefficients 
· Further study the following:
· For larger N values, if supported, whether/how to improve throughput-overhead trade-off using, e.g. lower-resolution alphabets for amplitude and/or phase than legacy, or higher/same resolution alphabets but smaller number of coefficients than legacy 
· What constitutes a “group” (e.g. per polarization across TRPs/TRP-groups, per polarization per TRP/TRP-group, per TRP/TRP-group), the number of “groups” per layer for phase and amplitude (1 ≤Cgroup,phase ≤ N, 1 ≤ Cgroup,amp ≤ 2N), and how to indicate/configure “grouping” 

4.1 On CSI-RS Resource Configuration 
In the last RAN1 meeting,  the following agreement  on  channel measurement resource (CMR) configuration for CJT was reached. 
Agreement
The work scope of Type-II codebook refinement for CJT mTRP includes the following NZP CSI-RS (CMR) setups in Resource Setting associated with Rel-18 Type-II codebook for CJT
· [bookmark: _Hlk110868360]Opt1: 1 NZP CSI-RS resource, max # ports = 32
· FFS: whether/how to associate TCI states and CSI-RS ports
· Opt2: K>1 NZP CSI-RS resources with the same number of ports (representing K TRPs)
· FFS: The maximum number of ports per resource, and the total number of ports across all resources 
FFS: Whether to prioritize/down-select from the two options
One question is whether to support both options or to support one of the options. In our view, one option should be enough and there is no need to support both. 
In Opt1,  a single NZP CSI-RS resource is configured and the CSI-RS resource is divided into multiple port groups, each is associated to a TRP.  One reason for such a configuration was to limit the maximum number of aggregated antenna ports across TRPs to 32.  Another reason mentioned by some companies was  that  such as configuration is used in Rel-15 type I multiple panel codebook.  In our view,  these two use cases can be supported by Opt2.  One drawback of Opt1 is that only a single QCL can be supported for multiple TRPs.  Some companies think that QCL in FR1 is not so useful and a single QCL should be ok.  It may  be so in some cases, but it may not always be the case.  Therefore, we have some concerns on using a single QCL for multiple TRPs.  In addition,  some specification effort is needed for Opt1 in defining and signaling port groups within a single CSI-RS resource.  
[bookmark: _Toc111224811]Opt1 with configuring a single NZP CSI-RS resource is limited to a single QCL for all TRPs and also cannot support the case of 3 TRPs each with 2 ports. In addition,  some specification change is needed to define port groups

In  Opt2,  multiple CSI-RS resources are configured as illustrated in Figure 13, where each CSI-RS resource is associated with a TRP. Separate QCL can be configured for each CSI-RS resource .  It is more straightforward in our view and requires minimum specification change.   
[bookmark: _Toc111224812]Opt2 with K>1 NZP CSI-RS resources with the same number of ports (representing K TRPs) does not have the limitation as Opt1 and is more flexible yet with less specification change
Therefore, Opt2 is our preference.

[bookmark: _Toc111224835]Support Opt2 with K>1 NZP CSI-RS resources with the same number of ports (representing K TRPs)


[image: ]
[bookmark: _Ref110942178]Figure 13: An example of configuring different NZP CSI-RS resources for CJT CSI feedback
4.2 On Codebook Structure
In the last RAN1 meeting, the following agreement was made on codebook structure for CJT. 
Agreement
The work scope of Type-II codebook refinement for CJT mTRP includes down-selecting at least one or merging from the following codebook structures:
· Alt1A. Per-TRP/TRP group (port-group or resource) SD/FD basis selection + relative co-phasing/amplitude (including WB and/or SB). Example formulation (N = number of TRPs or TRP groups): 


·  = co-amplitude and
·  = co-phase
· Including special case of  (no co-scaling) or 
· Alt1B. Per-TRP/TRP group (port-group or resource) joint SD-FD basis selection + relative co-phasing/amplitude (including WB and/or SB). Example formulation (N = number of TRPs or TRP groups): 

·  = co-amplitude and
·  = co-phase
· Including special case of  (no co-scaling) or 
· Alt2. Per-TRP/TRP group (port-group or resource) SD basis selection and joint (across N TRPs) FD basis selection. Example formulation (N = number of TRPs or TRP groups):

In Alt.1A, type II precoding matrix  is calculated per TRP,  and co-phase and co-amplitude are applied to each of the precoding matrices to form the precoding matrix for CJT. The benefit may be that Rel-16 or Rel-17 single TRP type II codebook can be used directly for each TRP. The additional thing for a UE to do is to figure out the co-phase/co-amplitude for each TRP.  
However,  because the non-zero coefficients (NZCs) are determined per TRP, the same number of  NZCs would be determined for each TRP. As a result, a same number of NZCs would be selected for both a stronger TRP and a weaker TRP.  This is not desirable as for a TRP with higher received power at the UE,  it would contribute more to the CJT PMI and more NZCs  should be selected.  
In addition, if rank is determined per TRP and if different ranks are determined for different TRPs, then it is an issue to determine a common rank.  Also, as some companies have pointed out in the offline discussion, how to pair layers between different TRPs could be another issue.  
The same issues also exist in Alt.1B,  in which in addition to per TRP PMI calculation, a new SD/FD pair based type II codebook is needed even for per TRP PMI calculation.  For the same number of NZCs,  Alt.1A and Alt.1B should have  the same performance. The difference seems to be only in terms of how the NZCs are reported.   In Alt.1B a NZC bitmap seems to be not needed. However,  the SD/FD pair for each of the NZCs needs to be signalled . Whether there is a feedback overhead saving by Alt.1B is unclear. 
[bookmark: _Toc111224813]With per TRP non-zero coefficient selection Alt.1A and Alt.1B,  performance degradation is expected when the channels associated to the TRPs are imbalanced.
For Alt.2,  the precoding matrix is calculated jointly across all the TRPs.  Thus, the NZCs are selected globally across all TRPs. Therefore, Alt.2 should provide better performance than Alt.1A/1B.  With non-zero coefficient selected globally across all TRPs,  Alt.2 should provide better performance than Alt.1A/1B . 
This is observed in our system level simulations in which CJT over 3 intra-site TRPs was simulated for Alt.1A and Alt.2. Other simulation assumptions can be found in the Appendix.  The results are summarized in Table 3. It can be seen that  Alt.2 has a much better performance that Alt.1A. 

In addition,  Alt.2 is a direct extension of Rel-16 and Rel-17 type II codebook. Thus, less specification changes are needed comparing to Alt.1A/1B.  Given the above, we have the following proposal:
[bookmark: _Toc111224836]Support Alt.2 based codebook structure with joint SD/FD basis selection  across all TRPs
[bookmark: _Ref110934588][bookmark: _Ref111223943]Table 3: Evaluation results for Alt.1A and Alt.2. Alt.2 gains over Alt.1 for parameter combinations
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	Throughput gain:  Alt.2 over Alt.1A

	
	
	Rel-16 type II  parameter combinations per TRP

	
	
	1
	2
	3
	4
	5
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	50%
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	42%
	42%
	42%
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	40%
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	70%

	Mean 
	86%
	86%
	79%
	83%
	83%
	78%

	
	Cell edge 
	353%
	307%
	339%
	345%
	329%
	334%



4.2.1 Per TRP Wideband Amplitude Reporting for W2:
Different TRPs may have different pathlosses to a UE and using one wideband amplitude per polarization across all TRPs is not good for amplitude quantization for TRPs with larger pathlosses and thus smaller amplitudes, i.e., coefficients associated to weaker TRPs would have a higher quantization noise.  This has been pointed out by some companies in the previous RAN1 meeting and we think it is worthwhile to consider per TRP amplitude for each layer and each polarization.

[bookmark: _Toc111224837]Consider per TRP wideband amplitude reporting for CJT PMI.
4.2.2 TRP Ordering in CJT PMI Report
In Alt.2, the precoding matrix corresponds to an aggregation of the measured channels over multiple TRPs.  gNB and the UE need to be in sync on how the channels are aggregated in order to apply part of the precoding matrix to the corresponding TRP.  
One nature ordering would be based on the order of CSI-RS resources in the configured CSI-RS resource set .  However,  such as an ordering may not be the best in case of CSI omission. One possible improvement could be to order the CJT precoding matrix  according to the CSI-RS received power, similar to FD basis vector re-ordering in existing Rel-16 type II codebook.  The benefit  is that in case of CSI omission,  W2 coefficients associated to  the weaker TRP can be assigned with a lower priority and are dropped first.
[bookmark: _Toc111224838]Consider TRP ordering in CJT PMI report according to the CSI-RS received power or channel strength.  
4.3 On Handling Large Delay Differences between TRPs
For a given carrier frequency , the average  time delay difference,  between two TRPs  would result in a phase difference, i.e., between signals received from the two TRPs. If the delay difference is large,  the phase difference can vary within a PMI subband and thus, cannot be corrected or compensated for by subband precoding/co-phasing. This was discussed in more details in [3].  Using a smaller PMI subband size would help, but it would result in larger feedback overhead.
Note that  the phase difference, ,  due to the delay difference changes linearly with frequency,  a phase slope is sufficient to characterize this delay difference.  Since CSI-RS has one channel estimation sample per RB for each CSI-RS port (if density =1),  the phase  slope can be measured as phase change per RB. i.e., , where  is the bandwidth per RB in Hertz.    can be quantized between 0 to and reported to the gNB as part of CJT PMI report. The phase change is removed from the channel associated with TRP2 before computing the precoding matrix.  
The delay difference between two TRPs can be pre-compensated based on the reported . Let  be  the reported precoding matrix at PMI subband   , where  is associated with TRP1 and  with TRP2,  and  is the number of PMI subbands.   The gNB can apply the  precoding matrix per subband together with a phase de-rotation per RB at TRP2. This is illustrated in Figure 14, where subband precoders reported by the UE are applied to a PDSCH transmitted from TRP1 and subband precoders    are applied to the same PDSCH transmitted  from TRP2 , where  is a RB index across the CSI measurement bandwidth  .  The phase de-rotation is effectively a delay pre-compensation for the delay  difference between the two TRPs.  
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[bookmark: _Ref110891799]Figure 14: An example of applying precoding matrix together with per RB phase rotation  based reported phase difference  per RB between two TRPs.

[bookmark: _Toc111224814]Maximum delay spread that can be handled by Rel-16 type II CB is dependent on PMI subband size 
[bookmark: _Toc111224815]Further reducing PMI subband size would mean increased feedback overhead
[bookmark: _Toc111224816]Reporting delay difference between TRPs in a form of phase difference per PRB  would allow gNB to perform delay pre-compensation through phase de-rotation for CJT PDSCH transmissions 
[bookmark: _Toc111224839]Support reporting delay difference between TRPs in a form of   phase difference per PRB in  CJT PMI report.
4.4 On SD/FD Basis Design
On SD/FD basis design,  four alternatives, Alt.1 to Alt.4,  were identified in the last RAN1 meeting.  Also, it  was agreed that down selection will be done from the four alternatives.
 Agreement
On the spatial-domain (SD) and frequency-domain (FD) basis design for the Rel-16 Type-II codebook refinement for CJT mTRP, down-select from the following alternatives:
· Alt1 (separate, legacy DFT): SD basis and FD basis are separate, each fully reusing the legacy Rel-16 DFT-based design
· Alt2 (joint, DFT): joint SD-FD DFT-based basis
· FFS: Details on DFT parameters, e.g. length, oversampling (if any), rotation (if any)
· Alt3 (joint, eigenvector): joint SD-FD eigenvector-based basis 
· FFS: eigenvector codebook design, parametrization
· Alt4 (separate, eigenvector): SD basis and FD basis are separate, using eigenvector-based basis 
· FFS: eigenvector codebook design, parameterization

Alt.1 was used  in Rel-16 and Rel-17 type II codebook designs.   In Alt.2, SD and FD are jointly selected and it is meant for Alt.1B codebook structure in our understanding.  it repents  a deviation from existing Rel-16/17 type II codebook design. The details are unclear to us. For example, does it also suggest redesigning the SD basis to have a joint 2D DFT instead of 1D DFT in each dimension?  Alt.3 and Alt.4 are total new designs.  In the WID,  it states that Rel-16/17 Type-II codebook refinement will be used for CJT in Rel-18. In our view, Alt.3 and Alt.4 are not refinement of Rel-16/17 type II codebook and represent major new designs. Therefore,  they  are out of scope in our view.  
Therefore, we prefer Alt.1.  
[bookmark: _Toc111224840]Support Alt.1 with separate SD and FD basis design for  Rel-16 type II codebook refinement  for CJT.
4.5 Maximum Number of TRPs for PMI report
On maximum number of TRPs, N,  for CJT PMI report, the following agreement was reached in the last RAN1 meeting, where three alternatives were identified and one of them is to be down selected.
Agreement
On the Type-II codebook refinement for CJT mTRP, down-select from the following TRP selection/determination schemes (where N is the number of cooperating TRPs assumed in PMI reporting):
· Alt1. N is gNB-configured via higher-layer (RRC) signaling
· The N configured TRPs are gNB-configured via higher-layer (RRC) signaling
· Note: only one transmission hypothesis is reported
· Alt2. N is UE-selected and reported as a part of CSI report where N{1,..., NTRP} 
· N is the number of cooperating TRPs, while NTRP is the maximum number of cooperating TRPs configured by gNB 
· In this case, the selection of N out of NTRP TRPs is also reported (FFS: exact reporting scheme)
· FFS: Configuration of NTRP TRPs and the value of NTRP, whether explicit or implicit
· FFS: In addition to one transmission hypothesis, whether reporting multiple transmission hypotheses (with the same N value or possibly different N values) is supported
· Alt3. The UE reports CSI corresponding to K transmission hypotheses 
· The N configured TRPs are gNB-configured via higher-layer (RRC) signaling
· FFS: supported value(s) of K, and whether the K transmission hypotheses are gNB-configured or UE-reported
In Alt.1,  is RRC configured by gNB.  Our understanding is that it can be the same as the number of configured CSI-RS resources,  , for CMR or can be separately configured such that . The UE then selects  TRPs out of   TRPs and computes and reports a CJT PMI based on the  selected TRPs. If , the N TRPs are also reported. 
In Alt.2,  is determined by the UE and .  The UE computes and reports a CJT PMI based on the N selected TRPs. The selected N TRPs are also reported. 
In Allt.3, multiple transmission hypotheses are configured and the UE reports  CSI associated to each of the hypotheses.  Presumably, at least  one of the hypotheses is a CJT hypothesis. Unlike in NC-JT, which was for SU-MIMO at low load where if one TRP cannot be scheduled to more than one UE on a same resource, CJT is for MU-MIMO at medium to high load and multiple UEs can be transmitted simultaneously on the same resource from a TRP. Therefore, scheduling is more flexible in case of CJT and there is no need to report multiple CSI for multiple hypotheses.  Thus, in our view Alt.3 is not needed.  
As for  Alt.1 and Alt.2. Alt.2 provides a little bit more flexibility and some potential saving in feedback overhead. Therefore,  we slightly prefer Alt.2.

[bookmark: _Toc111224841]Support Alt.2  with UE selecting N TRPs ( out of  configured TRPs for CJT PMI report.
4.6 On Number of Beams per TRP
In Rel-16 and Rel-17 type II codebook designs,  the number of spatial beams to be selected by a UE is configured by the gNB.  For CJT over multiple TRPs,  the same approach could be used by configuring the number of beams to be selected across all TRPs or per TRP.  However, how many beams should be configured for CJT  is an issue.  Configuring the same number of beams per TRP as in Rel-16 and Rel-17 would end up with many  beams, which would lead to large feedback overhead and may not always be necessary.  
An alternative way is to configure the total number of beams across all TRPs and let the UE to decide the number of beams to report. This can be useful particularly in case that some TRP doesn’t contribute much due to for example lower received power.   In this case,  fewer beams or even no beam may be selected from some TRPs.  When no beam is selected from a TRP,  the TRP would not be part of the reported PMI and thus a smaller NZC bitmap would be used. This would reduce the feedback overhead.   Therefor, we have the following proposal.
[bookmark: _Toc111224842]Different number of beams may be selected for different TRPs and the number of selected beams for each TRP is reported, where if  no beam is selected for a TRP, the TRP is not selected for the CJT PMI report.
4.7 Refinement of Rel-16 vs Rel-17 Type II Codebook
On Type II codebook refinement for CJT, the following agreement was reached in the last RAN1 meeting. 
Agreement
The work scope of Type-II codebook refinement for CJT mTRP includes refinement of the following codebooks:
· Rel-16 eType-II regular codebook
· Rel-17 FeType-II port selection (PS) codebook
FFS: Whether to prioritize/down-select from the two
On question is whether to prioritize one over the other.  In our view, it is more of a question of should we specify both at the same time or specify one after the other.   Given that Rel-16 and Rel-17 type II codebook were specified in two releases,  it may be easier to manage by specifying refinement for one first and propagate any relevant changes to the other after.  Our preference is to do refinement based on Rel-16 type II codebook first and then Rel-17 type II codebook.  
[bookmark: _Toc111224843]It is preferred to define refinement of Rel-16 regular Type II codebook first before Rel-17 type II codebook.
4.8 Other Aspects 
In the last RAN1 meeting,  some agreements were reached below on some high-level codebook parameters and quantization schemes for N=2.  Still, there are some other aspects to be further studied and determined. In general, some of the items are closely dependent on the codebook structure and whether the refined codebook is based on Rel-16 or Rel-17 type II codebook. 
Agreement
On the Type-II codebook refinement for CJT mTRP, the resulting codebook(s) are associated with at least the following parameters:
· Parameters for basis reporting, including 
· The number of basis vectors: gNB-configured via higher-layer signaling  
· FFS: Whether it is layer-common or layer-specific, whether it is per TRP/TRP-group or common for all TRPs
· Basis selection indicator(s): a part of CSI report 
· FFS: Whether it is layer-common or layer-specific, whether it is per TRP/TRP-group or common for all TRPs
· Quantized combining coefficients (W2): a part of CSI report
· FFS: details of quantization scheme
· Number of non-zero coefficients and bitmap to indicate non-zero coefficients, including whether it is per TRP/TRP-group (separate) or across all TRPs/TRP-groups (joint): a part of CSI report
· Strongest coefficient indicator(s) (SCI(s)): a part of CSI report
· FFS: One per TRP/TRP-group or common for all TRPs
· FFS: Additional need for strongest TRP indicator

Agreement
For the Type-II codebook refinement for CJT mTRP, further study the following issues:
· The need for the following additional parameters:
· Receiver side information by per RX reporting or per layer, e.g. information related to the left singular matrix U of the channel
· Indication of relative offset of reference FD basis per TRP with respect to a reference TRP
· Information related to the windows for FD basis
· Delay/frequency difference(s) across TRPs
· Specification entity corresponding to a TRP (e.g. port-group, NZP CSI-RS resource)
· For codebooks with per-TRP/TRP-group SD/FD basis (structure Alt1A/1B), whether to support co-amplitude/phase as a part of CSI report (explicit) or not (implicit)
· Design details of reference amplitudes and differential amplitudes in W2: 
· Whether/how supported parameter combinations are refined from Rel-16/17

Agreement
On the W2 coefficient quantization scheme for the Type-II codebook refinement for CJT mTRP:
· At least for N=2, reuse the following components of the legacy Rel-16/17 per-coefficient quantization scheme: 
· Alphabets for amplitude and phase
· Quantization of phase and quantization of differential amplitude relative to a reference, reference amplitude (with SCI determining the location of one reference amplitude), where the reference is defined for each layer and each “group” of coefficients 
· Further study the following:
· For larger N values, if supported, whether/how to improve throughput-overhead trade-off using, e.g. lower-resolution alphabets for amplitude and/or phase than legacy, or higher/same resolution alphabets but smaller number of coefficients than legacy 
· What constitutes a “group” (e.g. per polarization across TRPs/TRP-groups, per polarization per TRP/TRP-group, per TRP/TRP-group), the number of “groups” per layer for phase and amplitude (1 ≤Cgroup,phase ≤ N, 1 ≤ Cgroup,amp ≤ 2N), and how to indicate/configure “grouping” 

4.8.1 Parameter Configuration
In Rel-16 Type II codebook, a list of combination parameters are predefined and one of them is configured for a UE.  In Rel-17 Type II codebook, the same approach is used with combination parameters   instead.  For codebook structure Alt.1A/1B,  where CJT precoding matrix comprise of multiple per TRP type II precoding matrices, the Rel-16 or Rel-17 combination parameters could be used to configure the codebook in a per TRP basis, i.e., a same configuration is applied for each of the configured TRPs. 
For codebook structure Alt.2,  one option is to use the same Rel16 ( or Rel-17)  configuration but multiply L (or  in Rel-17) by the number of configured TRPs.  However, such a scaling may not be efficient and would result in large feedback overhead. For example,  if L=2 and for N=4 TRPs each with 4 ports, the above would result in total of 8 beams for an aggregation of 16 ports, for which maximum 4 beams can be configured  in Rel-16.  Thus,  for the same number of  16 ports,  the feedback overhead would be doubled.  
[bookmark: _Toc111224817]Reusing legacy Rel-16/Rel-17 parameter combinations per TRP for Alt.2 is not always efficient and can result in large feedback overhead.
Another option is to define a new set of combination parameters for CJT mTRP and for each combination, a number of beams across all TRPs is defined. The UE may select different number of beams from different TRPs.  This option is preferred.
[bookmark: _Toc111224844]Consider new parameter combinations for CJT mTRP.

4.8.2 Layer Specific vs Layer Common Basis
In Rel-16/17 Type II codebook,  spatial beams are layer common while FD basis are layer specific.  Using layer specific beams would be beneficial only  when the configured number of beams is not enough to include beams  for all layers, which seems not to be the case for single TRP.   Unless demonstrated otherwise, layer common beams should be used for CJT mTRP.   
In addition,  using layer specific beams could complicate QCL signaling as different layers could be transmitted from different TRPs and per layer QCL indication may be needed.
[bookmark: _Toc111224845]Layer common spatial beams and layer specific FD basis vectors should be the baseline for CJT mTRP. 
4.8.3 Strongest coefficient indicator(s) (SCIs) 
For codebook structure Alt.1A/1B,  our understanding is that a SCI per TRP is reported. For codebook structure Alt.2, a single SCI would be reported.
[bookmark: _Toc111224818]For codebook structure Alt.2,  only a single SCI is needed.
In the last meeting, some company propose to also have an indicator of the strongest TRP. The usefulness of such an indicator is unclear.  However, as discussed in section 4.2.2,  re-ordering beams in the precoding matrix  according to the order of TRPs, e.g., from strongest to the weakest, would be beneficial in case of CSI omission.
[bookmark: _Toc111224819]The benefit of including an indicator for the strongest TRP is unclear. 
[bookmark: _Toc111224820]It is beneficial to arrange the beams in CJT precoding matrix according to the channel strength of the TRPs. 



5	Conclusion
In the previous sections we made the following observations: 
Observation 1	Reciporcity-based precoding has better performance at 3km/h for both SU-MIMO and MU-MIMO; however, at UE speeds above 10km/h the feedback-based precoding outperforms the reciprocity-based.
Observation 2	Type II CSI gives better performance at 3km/h, but at UE speeds above 10km/h and higher, type I CSI gives better performance.
Observation 3	Precoding based on Type I CSI feedback is more robust to channel aging than precoding based on Type II CSI feedback.
Observation 4	There is a need to be able to identify how fast he channel varies in order to select the best CSI acquisition scheme for DL precoding.
Observation 5	The cross-over points of performance for both evaluated use cases are at low speed, e.g, 10km/h.
Observation 6	Autocorrelation function for a number of autocorrelation lags, corresponding to the lags between TRS symbols in a single TRS-burst as well as lags between different TRS bursts, is the best method for TRS based TDCP reporting.
Observation 7	To reduce the overhead some alternative parameter that characterises the normalized autocorrelation function can be estimated, with a cost in limiting the knowledge about channel variations.
Observation 8	Maximum doppler shift would be the same for channels with vastly different channel variabilities, and it does not reflect how fast channel varies with time.
Observation 9	Autocorrelation is very straight forward to estimate and has low complexity.
Observation 10	Estimating the maximum Doppler shift based on channel peak(s) estimate is very complex.
Observation 11	Estimating maximum Doppler shift from the autocorrelation function has lower bias and standard deviation than from estimates of channel peaks.
Observation 12	Use case for Doppler shift needs to be explained. Doppler shift of multiple channel peaks or single Doppler shift is not good report parameter for channel variability in time.
Observation 13	Doppler spread could be defined in terms of normalized autocorrelation function.
Observation 14	Autocorrelation function, i.e. cross-correlation in time, has low complexity, good accuracy and low bias, it gives direct measure of the channel variability to address the identified use-cases.
Observation 15	“Relative Doppler shift of a number of peaks in CIR” is only an indirect measure of channel variability, it is also a very complex measurement and gives worse performance than the autocorrelation.
Observation 16	Doppler shift depends on AoA and ZoA, not on the AoD and ZoD, it has very small dependence on TX beam.
Observation 17	The gNB choice of configurations and schemes depends on reports from multiple UEs and lots of other information about which the UE has no knowledge. The UE has no way of knowing what alternative configurations the gNB can make. The UE has no way of knowing what types of reciprocity based schemes the gNB can use. The gNB choice of configurations and schemes depends lots of information about which UE has no knowledge.
Observation 18	Estimates based on intra-TRS autocorrelation lags doesn’t give decent accuracy below 50km/h.
Observation 19	Estimates based on inter-TRS : autocorrelation lags of 20 or 40 slots perform best at 3km/h; autocorrelation lags of 10 and 5 slots performs best at 6km/h and 10km/h respectively.
Observation 20	Different autocorrelation lags are suitable for different UE velocities.
Observation 21	Access to autocorrelation estimate for multiple lags can be used to obtain accurate estimate of Doppler spread for all UE speeds.
Observation 22	Multi-TRS burst measurement would be needed also for Doppler shift estimates for use cases around 10km/h: a large lag results in better accuracy for both Autocorrelation and Doppler shift measurement; while a too high lag results in phase ambiguities for both measurements.
Observation 23	On Codebook structure for Type II codebook refinement for high/medium velocities, Alt1A and Alt2A are mathematically equivalent, and hence Alt1A does not need to be considered in further discussion.
Observation 24	On Codebook structure for Type II codebook refinement for high/medium velocities, Alt2B can be realized in Alt2A by setting certain coefficients in  to zero, and hence Alt2B does not have to be considered in further discussion.
Observation 25	Based on the results we have presented so far with Alt3 codebook structure of Rel-18 Type II Doppler codebook, we can see that how many W2’s need to be reported is scenario specific.
Observation 26	Opt1 with configuring a single NZP CSI-RS resource is limited to a single QCL for all TRPs and also cannot support the case of 3 TRPs each with 2 ports. In addition,  some specification change is needed to define port groups
Observation 27	Opt2 with K>1 NZP CSI-RS resources with the same number of ports (representing K TRPs) does not have the limitation as Opt1 and is more flexible yet with less specification change
Observation 28	With per TRP non-zero coefficient selection Alt.1A and Alt.1B,  performance degradation is expected when the channels associated to the TRPs are imbalanced.
Observation 29	Maximum delay spread that can be handled by Rel-16 type II CB is dependent on PMI subband size
Observation 30	Further reducing PMI subband size would mean increased feedback overhead
Observation 31	Reporting delay difference between TRPs in a form of phase difference per PRB  would allow gNB to perform delay pre-compensation through phase de-rotation for CJT PDSCH transmissions
Observation 32	Reusing legacy Rel-16/Rel-17 parameter combinations per TRP for Alt.2 is not always efficient and can result in large feedback overhead.
Observation 33	For codebook structure Alt.2,  only a single SCI is needed.
Observation 34	The benefit of including an indicator for the strongest TRP is unclear.
Observation 35	It is beneficial to arrange the beams in CJT precoding matrix according to the channel strength of the TRPs.


Based on the discussion in the previous sections we propose the following:
Proposal 1	Autocorrelation (i.e. the cross correlation in time) should be reported as TDCP parameter for TRS based TDCP reporting as the TDCP quantity.
Proposal 2	Doppler spread measures other than normalized autocorrelation, such as maximum Doppler shift, shall not be used for TDCP reporting.
Proposal 3	Report autocorrelation for a number of autocorrelation lags in TDCP reporting.
Proposal 4	“Relative Doppler shifts of different TRSs” should not be used as a TDCP report parameter.
Proposal 5	“CSI-RS resource and/or CSI reporting setting configuration assistance” should not be used for TDCP reporting.
Proposal 6	Support Autocorrelation estimate for multiple lags in TDCP reporting, including inter-TRS and intra-TRS autocorrelation lags.
Proposal 7	Support TDCP reporting format as a stand-alone report in Rel-18.
Proposal 8	It is preferred to define refinement of Rel-16 regular Type II codebook first before Rel-17 type II codebook.
Proposal 9	In Codebook structure Alt3 for Type II codebook refinement for high/medium velocities, the multiple W2’s along with W1 and Wf are all reported in a single self-contained CSI report.
Proposal 10	For Type II codebook refinement for high/medium velocities, further evaluate the following alternatives:
->  Alt 2A: Doppler-domain basis commonly selected for all SD/FD bases, e.g. 
Note that Wd may be the identity as a special
->  Alt 3: Reuse Rel-16/17 (F)eType-II codebook with multiple  and a single  and  report
Proposal 11	For CSI reporting related to Type II codebook refinement for high/medium velocities, reporting slot n is used as the reference and the prediction window is located in slots l ≥ n (Alt 2B)
Proposal 12	Support Opt2 with K>1 NZP CSI-RS resources with the same number of ports (representing K TRPs)
Proposal 13	Support Alt.2 based codebook structure with joint SD/FD basis selection  across all TRPs
Proposal 14	Consider per TRP wideband amplitude reporting for CJT PMI.
Proposal 15	Consider TRP ordering in CJT PMI report according to the CSI-RS received power or channel strength.
Proposal 16	Support reporting delay difference between TRPs in a form of   phase difference per PRB in  CJT PMI report.
Proposal 17	Support Alt.1 with separate SD and FD basis design for  Rel-16 type II codebook refinement  for CJT.
Proposal 18	Support Alt.2  with UE selecting N TRPs ( out of  configured TRPs for CJT PMI report.
Proposal 19	Different number of beams may be selected for different TRPs and the number of selected beams for each TRP is reported, where if  no beam is selected for a TRP, the TRP is not selected for the CJT PMI report.
Proposal 20	It is preferred to define refinement of Rel-16 regular Type II codebook first before Rel-17 type II codebook.
Proposal 21	Consider new parameter combinations for CJT mTRP.
Proposal 22	Layer common spatial beams and layer specific FD basis vectors should be the baseline for CJT mTRP.
[bookmark: _In-sequence_SDU_delivery] 
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7. Appendix
7A. Simulation assumptions for use case of TDCP reporting 

[bookmark: _Ref111117406]Table 4. SLS simulation assumptions for use case of TDCP reporting
	Parameter
	Value

	Scenario
	Urban macro 

	Frequency Range
	2 GHz 

	Inter-BS distance
	500 m 

	Antenna setup and port layouts at gNB
	32 ports: (8,8,2,1,1,2,8), (dH,dV) = (0.5, 0.8)λ 
16 ports: (8,4,2,1,1,2,4), (dH,dV) = (0.5, 0.8)λ 

	Antenna setup and port layouts at UE
	2RX: (1,1,2,1,1,1,1)


	BS Tx power 
	46 dBm

	BS antenna height 
	25 m 

	UE antenna height & gain
	According to TR36.873 

	UE receiver noise figure
	9 dB

	Modulation 
	Up to 256QAM 

	Numerology
	Slot/non-slot 
	14 OFDM symbol slot

	
	SCS 
	15kHz 

	Simulation bandwidth 
	10 MHz 

	Frame structure 
	All downlink

	MIMO scheme
	SU-MIMO or MU-MIMO with rank adaptation 

	CSI feedback 
	CSI feedback periodicity:  20 ms 
Scheduling delay: 4 ms

	Traffic model
	FTP model 1 with packet size 0.5 Mbytes

	Traffic load (Resource utilization)
	70% 

	UE distribution
	100% outdoor 

	UE receiver
	MMSE-IRC 




[bookmark: _Ref111215019]Table 5 LLS simulation assumptions for TDCP reporting
	Parameter
	Value

	Carrier frequency and subcarrier spacing 
	3.5 GHz with 30 kHz SCS

	System bandwidth
	20MHz

	TRS bandwidth
	20MHz

	Channel model
	TDL-A with uncorrelated antenna elements
CDL-A 

	Delay spread 
	100ns

	UE velocity
	3km/h, 10km/h, 20km/h, 30km/h, 60km/h, 120km/h

	Antennas at UE
	2RX: (1,1,2,1,1,1,1), (dH,dV) = (0.5, 0.5)λ for (rank 1,2)

	Antennas at gNB
	16 ports: (8,4,2,1,1,2,4), (dH,dV) = (0.5, 0.8)λ

	Link adaptation
	Not relevant for simulation of TRS based Doppler accuracy

	Evaluation metrics for measurement accuracies
	RMS error, Standard deviation, Bias



7B. Simulation assumptions for CJT
Table 6:  Simulation assumptions for CJT 
	Parameter
	Value

	Duplex, Waveform 
	FDD, OFDM 

	Scenario
	Outdoor2 OptA 
· Dense Urban (Macro only)
· Intra- -site 3 TRPs

	Frequency Range
	2GHz 


	Inter-BS distance
	200m 


	Channel model
	According to the TR 38.901 

	Antenna setup and port layouts at gNB
	16 ports: (4,4,2,1,1,2,4), (dH,dV) = (0.5, 0.8)λ


	Antenna setup and port layouts at UE
	4RX: (1,2,2,1,1,1,2), (dH,dV) = (0.5, 0.5)λ 


	UE receiver noise figure
	9dB

	Modulation 
	Up to 256QAM 

	Numerology
	Slot/non-slot 
	14 OFDM symbol slot

	
	SCS 
	15kHz 

	Number of RBs
	52 

	Simulation bandwidth 
	10 MHz 

	MIMO scheme
	MU-MIMO with rank adaptation 

	CSI feedback 
	· CSI feedback periodicity (full CSI feedback) :  5 ms, 

	Traffic model
	FTP model 1 with packet size 0.5 Mbytes


	UE distribution
	80% indoor (3km/h), 20% outdoor (30km/h) 


	Feedback assumption
	Realistic

	Channel estimation
	Realistic



7C. Link level evaluation assumptions for Type II codebook refinement for high/medium UE velocities
[bookmark: _Ref111126890]Table 7: link level evaluation assumptions for Type II refinement for mobility
	Parameter
	Value

	Duplexing
	FDD

	Carrier frequency
	3.5 GHz

	Sub-carrier spacing (SCS)
	30 kHz

	Allocation
	52 PRbs

	PDSCH mapping
	Type A, Start symbol 2, Duration 12 symbols

	CSI-RS
	Periodic CSI-RS
CSI-RS overhead is not included in the results

	CSI report
	Periodic, Feedback delay=4 slot

	DMRS
	Type 1, 1+1 additional 

	TRS
	Periodicity of 20 ms, 2-slot pattern

	Channel model
	3GPP 38.901 CDL-A, 100 ns rms delay spread, AOA spread = 45 degrees.

	Vehicle speed
	30 km/h

	gNB antenna
	32 ports: (8,8,2,1,1,2,8), (dH,dV) = (0.5, 0.8)λ 

	UE antenna
	4RX: (1,2,2,1,1,1,2), (dH,dV) = (0.5, 0.5)λ for rank > 2

	Rank
	1–4 

	Modulation and coding scheme
	Adaptive with 256-QAM MCS table

	HARQ retransmissions
	Maximum of 3 retransmissions

	Channel estimation
	Ideal



7D. System level evaluation assumptions for Type II codebook refinement for high/medium UE velocities
[bookmark: _Ref111118408]Table 8 EVM assumptions for Rel-16 eType II codebook refinement for high/medium UE velocities
	Parameter
	Value

	Duplex, Waveform 
	FDD, OFDM

	Multiple access 
	OFDMA 

	Scenario
	Dense Urban (macro only)
Mobility model: Random UE direction. UE speed: 30, 60 kmp/h

	Frequency Range
	FR1, 2GHz

	Inter-BS (site) distance
	200m 

	Channel generation model
	TR 38.901. No spatial consistency. No vehicles penetration loss modeled.

	Antenna setup and port layouts at gNB
	32 ports: (8,8,2,1,1,2,8), (dH,dV) = (0.5, 0.8)λ
16 ports: (8,4,2,1,1,2,4), (dH,dV) = (0.5, 0.8)λ 

	Antenna setup and port layouts at UE
	4RX: (1,2,2,1,1,1,2), (dH,dV) = (0.5, 0.5)λ for rank > 2
2RX: (1,1,2,1,1,1,1), (dH,dV) = (0.5, 0.5)λ for rank (1, 2)

	BS Tx power 
	41 dBm (for 10MHz)

	BS antenna height 
	25m 

	UE antenna height & gain
	Follow TR36.873 

	UE receiver noise figure
	9dB

	Modulation 
	Up to 256QAM 

	Coding on PDSCH 
	LDPC, Max code-block size=8448bit 

	Numerology Slot/non-slot 
	14 OFDM symbol slot

	SCS 
	15kHz 

	Number of RBs
	52 for 15 kHz SCS

	Simulation bandwidth 
	10 MHz DL

	Frame structure 
	Slot Format 0 (all downlink) for all slots

	MIMO scheme
	SU/MU-MIMO with rank adaptation

	MIMO layers
	12

	CSI feedback 
	Periodic CSI feedback: 5 ms, 4 ms delay (R16 baseline)
CSI-RS burst: B measurement instances with separation of d slots, measurement window (# slots): Ws=(B-1)*d+1
PMI computed from buffered measurements and UE sided beam-space channel prediction (with common W1) using AR method.
Predicted PMI reported on R16 Type II format for either one slot (predict & hold) or for each slot (i.e., 5 consecutive slots for 5ms CSI periodicity) 
Note: Predicted PMI accounts for the scheduling delay of 4 ms

	Overhead 
	Not modeled

	Traffic model
	FTP model 1 with packet size 0.5 Mbytes

	Traffic load (Resource utilization)
	20/50/70 % for SU/MU-MIMO with rank adaptation

	UE distribution
	100% outdoor 

	UE receiver
	MMSE-IRC

	Feedback assumption
	Realistic

	Channel estimation
	Realistic
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