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1 Introduction
In RAN#93, a new WID for MIMO evolution for downlink and uplink was approved for Rel-18 [1]. Among items in this WID, two aspects corresponding to CSI enhancement(s) are captured, i.e., CSI enhancement for high/medium UE velocities by exploiting time-domain correlation/Doppler-domain information, and CSI enhancement for facilitating CJT operation. In this contribution, we elaborate our views on above two aspects, respectively.  
2 CSI enhancement for high/medium UE velocities
Among items in this WID for DL and UL MIMO, the aspects for Doppler related CSI enhancement are listed as below.
	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:
· Rel-16/17 Type-II codebook refinement, without modification to the spatial and frequency domain basis
· UE reporting of time-domain channel properties measured via CSI-RS for tracking 


2.1 Type-II codebook refinement
2.1.1 Scope of Type-II codebook refinement
In RAN1#109e, the following agreement on candidate scope for Type-II codebook refinement for high/medium UE velocities were reached.
	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
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)


Regarding codebook for this enhancement, we think that both of Rel-16 eType-II regular codebook and Rel-17 FeType-II port selection (PS) codebook should be considered well due to the fact that they may accommodate different NW architectures/scenarios. Then, considering that Rel-17 FeType-II port selection (PS) codebook can be assumed as a special enhancement (a simplified procedure) of Rel-16 eType-II regular codebook, we tend to agree that Rel-16 eType-II regular codebook should be treated firstly, and after it is stable, we may further review the corresponding enhancements on Rel-17 FeType-II port selection (PS) codebook.
Proposal 1: Regarding work scope of Type-II codebook refinement for high/medium velocities, both Rel-16 eType-II regular codebook and Rel-17 FeType-II port selection (PS) codebook should be involved
· For sake of moving forward this topic well, the corresponding enhancements on Rel-16 eType-II regular codebook can be treated firstly.
Regarding codebook structures, in our views, the difference between the following two alternatives (Alt-1 and Alt-2) has not been identified, and it may be just relevant to how to re-organize the matrix size of W2. If required, there may be another alternative for reorganizing the three candidate bases, FD/SD/DD(or TD)-basis.
· Alt-1  :  in size-2LM*S
· Alt-2 :  in size-2L*MS
· Alt-3 (as another alternative):  in size-2LS*M, S denotes the number of selected DD basis
Based on above analysis, we are open for each alternatives, but the real open issue is relative to independent/joint selection of FD/SD/DD-basis (applicable range). In order to align with legacy codebook, we slightly prefer Alt 2.
Proposal 2: Regarding codebook structures for high/medium velocities, support Doppler-domain basis commonly selected for all SD/FD bases, e.g.  (i.e., Alt2A).

Regarding Doppler-/time-domain basis waveforms for codebook, in such case, there is a Doppler basic vector in channel information, , and then the prediction algorithm can be preformed in UE side (in such case, we may need to consider how to guarantee the prediction accuracy based on a higher oversampled ratio). Then, once having the predicted results for a given period, it is straightforward to reuse orthogonal DFT basis for CSI compensation. After that, in our initial thought, the rotation factor is much relevant to the dominant Doppler shift (as SD-basis), and DFT basis vector with rotation factors can significantly reduce the number of non-zero-power elements in W2.
Proposal 3: Regarding codebook structures for high/medium velocities, orthogonal DFT with rotation factor should be considered as a starting point.
Regarding codebook design, there are two following issues to be discussed. 
· Compared to Rel-16 eType-II regular codebook, Rel-18 Type-II codebook for high/medium velocities should consider how to select DD basis from DD base set and how to indicate nonzero coefficients on the selected SD FD and DD basis. The number of selected DD basis S can be configured by higher layer parameters, similar to L and M in eType-II codebook. A bitmaps or combinatorial coefficient is used to indicate the selected DD basis from DD base set. 
· In addition, one 2LMS-length bitmap can be used to indicate the position of nonzero coefficients, and one parameter is used to indicate the number of nonzero coefficients. If we utilize the sparsity in SD, FD and DD, one 2LMS-length bitmap can be replaced with two bitmaps. One bitmap is used to indicate the position of nonzero coefficients on FD and DD. Another bitmap is used to indicate the position of nonzero coefficients from nonzero coefficients on FD and DD to SD.
· 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), in our views, the codebook(s) should 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)
· The 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)
Proposal 4: On the Type-II codebook refinement for high/medium velocities, for codebook structures with DD basis, the following parameters is configured by higher layer:
· Doppler-/time-domain (DD/TD) basis vector length N4
· The number of selected DD basis S
· One or two bitmaps are used to indicate the position of nonzero coefficients on SD, FD and DD 
2.1.2 CSI measurement and report
In RAN1#109e, the following agreement on CSI measurement for high/medium UE velocities were reached.
	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


In our views, regarding CSI prediction (H-based), Wiener-filter with extrapolation can well outperform legacy scheme by using out-of-date CSI (e.g., 5~10 ms delay), especially for NLOS case.  It can be observed that the cross-correlation between predicted channel (Wiener and extrapolation)/historical channel (legacy) and real-time channel is shown as in the right, in the case of a CSI report latency of 5ms and a CSI-RS measurement & CSI report period of 5 ms, UMa (2GHz, 30km/h & SCS 15KHz). Some more clarifications on evaluation assumption can be found in Section 2.1.3.
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Figure 1 Cross-correlation of legacy approach with a given latency and the proposed Wiener filter and extrapolation.
In our views, periodic and semi-persistent CSI-RS measurement that can provide a consecutive channel measurement for CSI prediction (i.e., to support a sufficient measurement window Wmeas (e.g., more than 100ms) but not increasing the RS overhead, compared with aperiodic CSI-RS measurement) should be supported firstly, and then we can further study whether or how to support aperiodic CSI measurement. Notes that, for periodic and semi-persistent CSI measurement, the legacy RS configuration can be considered as a starting point. 
Proposal 5: Regarding Resource setting configuration on CSI-RS, periodic and semi-persistent CSI-RS should be supported.
· FFS: necessity and benefits of supporting aperiodic CSI-RS.
In RAN1#109e, the following agreement on CSI report for high/medium UE velocities were reached.
	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


For CSI prediction/extrapolation, we think that, for this WID, it should be assumed to be performed in UE side, and we may optimize CSI codebook/feedback structure for accommodating this prediction/extrapolation approach. Then, on the other hand, gNB-side CSI prediction/extrapolation can be achieved with spec-transparent manner via exploiting the flexible NR CSI reporting framework, and so we do not identify the necessity of further study in this gNB-side prediction/extrapolation in this item. 
· 




Specifically, in our views, for -based prediction (as performed in gNB side), it may be difficult for estimating the Doppler basic vector. It is due to the fact that matrix is calculated by , which means that a Doppler basic vector in channel information, , may be cancelled out, but also some more mixed Doppler shift over different Doppler basis are introduced. As a result, it can be observed that, for each NZP elements for  across the list of instances, we can observe too many Doppler basis vectors, even for LOS scenarios. But, on the other hands, for UE-side prediction (H-based), the original Doppler information can be reserved well, and it is beneficial for guaranteeing the performance of Doppler-prediction/extrapolation.
Observation 1: Regarding CSI prediction, if supported in this WID, UE-side Doppler prediction and Doppler-related CSI compression should be handled with higher priority over gNB-side.
Therefore, we have concerns on Alt 1/2/3.A. Then, for the rest options, we may need to consider how many CQI(s) should be reported in the report. If a single one, and if the gNB need to emulate the CQI changes based on predicted PMI, we think that supporting Alt-1B/C is straightforward. For instance, one example for Alt-1B can be found in the Figure 2. 
[image: ]
Figure 2 Diagram for CSI-RS burst and then corresponding CSI report for Doppler-related CSI enhancement
Then, from the perspective of codebook, in such case, UE only need to report the subsequent channel prediction after CSI reference resource as shown in Figure 3.
[image: ]
Figure 3 Diagram for CSI codebook for Alt-1B (l ≥ nref)
Proposal 6: On the CSI reporting and measurement for the Type-II codebook refinement for high/medium velocities, nref (CSI reference resource slot) as boundary is supported considering legacy CQI determination, and then the UE-side CSI prediction based CSI codebook should be supported.
· The following two candidates should be considered as a starting point: Alt1.B:  l ≥ nref, Alt1.C: l < nref and l + WCSI –1 > nref 
· FFS: single CQI or a list of CQI(s) to be reported in the CSI report and corresponding CQI definition.
2.1.3 Initial simulation evaluation
In UMa scenario, we evaluate the legacy CSI scheme and proposed CSI prediction scheme (Wiener-filter + extrapolation). In such case, for both legacy CSI measurement/report and proposed CSI prediction scheme, a CSI report latency of 5ms and a CSI-RS measurement & CSI report period of 5 ms, UMa (2GHz & SCS 15KHz). For sake of presentation, the legacy and proposed schemes are elaborated in Figure 4.
· For legacy approach, the CSI measured at the slot-n is reported and then it will be used for the subsequent transmission from slot n+5 to slot n +9. That means that, due to the Doppler impact, the CSI in the slot-n may be out of date;
· For prediction approach, Wiener prediction is based on the previous channel measurement(s), and then the number of CSI-RS to be used is up to the order(s) of Wiener filter. Generally speaking, with the increase of Wiener filter orders, we may have a better channel prediction results but as a cost the computation overhead may increase as well. After having the channel prediction for slot-n+5 and slot-n+10, the typical extrapolation/interpolation can be used for guaranteeing the transmission performance. Finally, the CSI in the slot n+5 to slot n+9 is used for data transmission in MU-MIMO.
It should be noticed that, in such case, the CSI-RS overhead between legacy and proposed scheme is the same, and only enhancement is just relevant to channel estimate accuracy in high/medium UE velocities. 


Figure 4 CSI-RS measurement and report for legacy and proposed schemes in SLS simulation for medium/high velocities.
Based on the agreed evaluation assumption, we have the following simulation results in MU-MIMO as in Table-1 for different types of UE velocities. 
· It can be observed that with the increase of UE velocity e.g., from 3km/h to 20km/h, some performance gains also increases significantly, for both mean UPT and cell-edge UPT. But, even when increasing to 30 km/h or more, e.g., 60km/h, the performance gain for mean UPT is decreased slightly although we still can have a significant performance benefits for cell-edge UE. It is due to the fact that there are still performance degradation for prediction with the increase of UE velocity.
· The detailed evaluation assumption can be found in Table-5 in the Appendix.
Table 1	SLS results for high/medium UE velocities in Uma: a) legacy scheme and b) prediction
	UE velocity
	Solution
	 Mean (Mbps)
	5%-ile (Mbps)
	95%-ile (Mbps)

	3 km/h

	Legacy 
	76.972 
(100%)
	14.750 
(100%)
	159.668 
(100%)

	
	Wiener prediction
	78.626 
(+2.15%↑)
	15.112 
(+2.45%↑)
	165.259 
(+3.50%↑)

	10 km/h

	Legacy 
	64.276 
(100%)
	13.105 
(100%)
	143.336 
(100%)

	
	Wiener prediction
	71.724 
(+11.59%↑)
	12.757 
(-2.65%)
	150.671 
(+5.12%↑)

	20 km/h
	Legacy 
	55.866 
(100%)
	13.653 
(100%)
	125.123 
(100%)

	
	Wiener prediction
	62.277 
(+11.48%↑)
	15.179 
(+11.18%↑)
	132.065 
(+5.55%↑)

	30 km/h
	Legacy 
	53.879 
(100%)
	9.913 
(100%)
	121.001 
(100%)

	
	Wiener prediction
	58.694 
(+8.94%↑)
	11.440 
(+15.40%↑)
	130.430 
(+7.79%↑)

	60 km/h
	Legacy 
	49.495 
(100%)
	10.130 
(100%)
	105.746 
(100%)

	
	[bookmark: _GoBack]Wiener prediction
	53.441 
(+7.97%↑)
	12.895
(+27.29%↑)
	119.035 
(+12.57%↑)


Observation 2: Regarding On the CSI reporting and measurement for the Type-II codebook refinement for high/medium velocities, based on SLS simulation results in UMa, we can observe:
· Under UE-side prediction (H-based with Wiener filter and extrapolation), a dominant performance can be obtained via exploring Doppler-domain information compared with legacy under the same RS overhead.
· In 20~30km/h, a maximal performance gains over legacy can be observed (it implies that a typical scenario for this CSI enhancement), and then lower or larger than this range, the performance gain is decreased.
2.2 UE reporting of time-domain channel properties
2.2.1 Scenarios and WID scope
In RAN1#109-e, we have the following agreement for scenarios and scope for TDCP report, and then our detailed views can be found in the following paragraphs.
	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


In the wireless communication systems, as a basic requirement for time/frequency-domain synchronization, UE should always estimate the real-time Doppler shift and compensate it accordingly, via SSB and CSI-RS for tracking. Besides for UE mobility as mentioned in the WID objective, Doppler shift is mainly contributed by a slight deviation of centric frequency between gNB and UE oscillators. Therefore, from UE perspective, it is impossible to identify the respective Doppler shift introduced by UE mobility and imbalance between gNB and UE oscillators. Therefore, if UE always need to compensate the mixed Doppler shift impact for synchronization, the report of Doppler-shift estimate based on either a single CSI-RS (i.e., CSI-RS for tracking) or a unique spatial basic vector becomes meaningless.
Observation 3: From the perspective of UE receiver, Doppler shift is contributed by both UE mobility and deviation of centric frequency between gNB and UE oscillators and can be compensated for UE-side synchronization, and therefore the necessity of the report of a single Doppler-shift estimate based on either a single CSI-RS or a unique spatial basic vector (e.g., Type I codebook) is unclear. 
Therefore, a potential usage for UE reporting of time-domain channel properties measured via CSI-RS for tracking may be much relevant to the mTRP-HST scenario as discussed in Rel-17, rather than sTRP. If so, the agreed evaluation assumption for Rel-17 mTRP-HST can be considered as a starting point.
[image: ]
Figure 5 Multi-TRP or multi-RRH deployment for HST scenario
2.2.2 TRS setting and reporting format
In RAN1#109-e, we have the following TRS setting and reporting formar for TDCP report, and then our detailed views can be found in the following paragraphs.
	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)


For network based SFN in HST, gNB has to know the frequency offsets between TRPs before implementing frequency pre-compensation. As discussed in Rel-17, the following two candidates are identified:
· UL RS based Doppler estimation by gNB
· In such case, gNB can estimate frequency offsets between TRPs based UL signal, e.g. SRS, PUSCH DMRS etc. This solution can be supported without specification impact. Hence it should be supported as baseline for further enhancement. However, the estimation accuracy may be reduced because of UL power limitation, phase inconsistency for SRS (due to AGC adjustment), the restriction of SRS pattern and the bandwidth of PUSCH DMRS, and different frequency ranges of DL and UL in FDD. 
· TRS based Doppler feedback by UE
· In such case, UE can estimate the Doppler shift/frequency offsets based on two TRS resource sets, then UE reports the estimated results to gNB for pre-compensation. More accurate estimation can be achieved by this solution because of TRS pattern (well optimized for time/frequency offset estimate), sufficient Tx power and wide band. However, it may need more specification effort. 
In our view, stand-alone report for TDCP should be considered as a starting point. Then, TRS based Doppler feedback should be supported. Specifically, for pre-compensation at TRP side or CSI reporting configuration and CSI-RS resource configuration parameters, the Doppler shift/frequency offset can be configured as the reportQuantity and several TRS resource sets can be configured in single CSI reporting configuration. 
· One method is to report the absolute Doppler shift/frequency offset value for simplicity.
· [bookmark: OLE_LINK20]Another method is that one TRS resource set is used as one reference TRS, the Doppler shift/frequency offset estimated from the reference TRS resource set can be treated as a reference value, and the relative value of other Doppler shift/frequency offset values estimated from other TRS resource sets to the reference Doppler shift/frequency offset can be reported to TRP, as shown in Figure 6.
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Figured 6 UE reports the relative Doppler shift/frequency offset
Proposal 7: For UE reporting of time-domain channel properties, the existed CSI reporting mechanism should be re-used for Doppler-shift feedback.
· One configured TRS resource set is used as a reference, and the relative Doppler shift/frequency offset among the other TRS resource sets and the reference TRS resource set should be reported (i.e., Alt4B. Relative Doppler shifts of different TRSs).
3 CSI enhancement for CJT
In this section, we provide our view about CSI enhancement for CJT.
3.1 Initial evaluation for CJT
Regarding the enhancement on CSI acquisitions for coherent-JT, we think that the legacy topology for TRP deployment should be considered as a starting point. Then, the deployment scenarios can be divided into the following three categories: a) intra-site, b) inter-site, and c) intra-&inter-site as shown in Figure 7. Then, if RSRP distance between the optimal TRP and the second optimal TRP (e.g., intra-site and/or inter-site) is smaller than a threshold (e.g., 6 dB), coherent joint transmission using the corresponding TRPs is performed; otherwise, sTRP based transmission should be used.


Figure 7. Deployment scenarios for coherent JT: (a) intra-site, (b) inter-site, (c) intra-&inter-site
Proposal 8: Regarding evaluation on CJT enhancement, 
· Legacy topology for TRP/cell as used in 3GPP should be considered firstly, and then we may further discuss other topologies.
· Intra-site, inter-site, and intra-&inter-site scenarios can be considered for evaluation.
First, for SU-MIMO, we evaluate system performance (considering both intra-site and inter-site cases as shown in Figure 7(c)) for ideal feedback (SVD-based), Type-II CSI enhancement for sTRP, non-coherent JT (NC-JT) and CJT. The corresponding SLS simulation results can be found in Table-2. It can be observed that C-JT can bring an obvious performance gain compared with sTRP and NC-JT, especially for cell-edge UE. The detailed simulation assumptions for this CJT evaluation can be found in Table 6 in the appendix.
Table 2 SLS simulation results for coherent-JT for SU-MIMO (16T4R)
	Case
	Ideal feedback (Mbit/s)
	eType II feedback(Mbit/s)

	
	mean
	5%
	50%
	95%
	mean
	5%
	50%
	95%

	sTRP
	191.35
(100%)
	44.38
(100%)
	172.78
(100%)
	358.51
(100%)
	177.38
(100%)
	41.53
(100%)
	158.13
(100%)
	358.51
(100%)

	NC-JT
	188.48
(-1.5%)
	50.46
(+13.7%)
	169.67
(-1.8%)
	358.51
(0%)
	175.78
(-0.9%)
	46.76
(+12.6%)
	159.08
(+0.6%)
	358.51
(0%)

	C-JT
	203.60
(+6.4%)
	59.03
(+33.0%)
	184.78
(+6.9%)
	358.51
(0%)
	186.26
(+5.0%)
	52.33
(+26%)
	164.49
(+4.0%)
	358.51
(0%)


Second, for MU-MIMO, we evaluate system performance, Type-II CSI enhancement for sTRP and CJT. Compared with SU-MIMO, it can be observed that C-JT can bring an obvious performance gain compared with sTRP, especially for cell-edge UE. 
Table 3 SLS simulation results for coherent-JT for MU-MIMO (8T4R)
	Case
	RU=50%
	RU=70%

	
	mean
	5%
	50%
	95%
	mean
	5%
	50%
	95%

	sTRP
	117.53
(100%)
	15.76
(100%)
	92.67
(100%)
	324.41
(100%)
	88.58
(100%)
	7.04
(100%)
	65.08
(100%)
	264.31
(100%)

	C-JT
	136.61
(+16.2%)
	18.64
(+18.3%)
	119.29
(+28.7%)
	332.30
(+2.4%)
	109.29
(+23.4%)
	 9.75 
(+38.4%)
	81.34
(+25.0%)
	314.67
(+19.1%)


Observation 4: From evaluation results, it can be observed that, 
· For SU-MIMO, compared with sTRP and NC-JT, C-JT can bring performance gains in terms of both cell-edge and mean UPT.
· For MU-MIMO, compared with sTRP, C-JT can also bring performance gains in terms of both cell-edge and mean UPT, and then performance gain introducing by CJT increases as SU-MIMO is changed to MU-MIMO 
3.2 Framework on enhanced CSI for CJT
3.2.1 TRP group
For intra-site scenario, as shown in Figure 7(a), the distance between TRPs is at wavelength level. The optimal Tx beams across different TRPs may be the same with high probability. This assumption may also apply to CSI codebook design of Rel-15 type I multiple panel codebook. In our views, it may also be suitable for CJT transmission. 
· Specifically, in such scenario, the optimal Tx beams of different TRPs are the same and the channel between different panels and UE are similar. Then, with coherent precoding from different TRPs, performance gain by CJT can be obtain easily. In additional, ideal backhaul and synchronization between TRPs can be easily guaranteed. So as classical CJT scenario, co-located/site multiple TRPs with same optimal Tx beam(s) should be supported firstly. 
· Based on above analysis, from CJT codebook, we may the following assumption:
· The spatial domain vectors and the frequency domain vectors of different TRPs are same and can be reported per TRP group instead of per TRP.  
· Each TRP group can correspond to one TCI state. 
For inter-site scenario as shown in Figure 7(b), the distance between TRPs are at meter level, and in general optimal Tx beams of different TRPs are different. Compared with intra-site scenario, larger performance gain in terms of spatial multiplexing and diversity may be experienced. 
· In such scenario, the spatial domain vectors and the frequency domain vectors of different TRPs are different and should be reported per TRP in a report instance. This assumption for CSI codebook design can be also applied for the TRPs which located in same cell site but with different beam direction, such as being from different sectors.  
After than, the intra-site and inter-site scenario as shown in Figure 7(c) is a combination of intra-site scenario and inter-site. 
Observation 5: For CSI codebook for CJT, spatial domain basis and frequency basis reported per TRP group should be considered in order to accommodate intra-site, inter-site and intra&inter-site scenarios. 
· Each TRP group includes co-located TRPs and different TRP groups include TRPs in different locations.  
Proposal 9: Spatial domain basis and frequency basis should be reported per TRP group. 
3.2.2 CJT codebook structure
There are following agreements about CJT codebook structure in RAN1#109-e
	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):





We prefer to Alt 1A with SD/FD basis selected per TRP group except the reporting type for . The difference between Alt 1A and Alt2 is whether FD basis are reported for all TRPs or for each TRP group.  Because co-located TRP has been divided into one TRP group, the delay between different TRP groups are large, then the FD basis selection should be reported per TRP group, otherwise, it leads the bitmap indicating non-zeros coefficient unnecessary large. The difference between the Alt 1A and Alt 1B is whether bitmap indicating non-zero coefficient is reported.  If the Alt 1B is adopted, then the bitmap isn’t needed because the SD-FD pair is reported, but the overhead of pair is larger than Alt1A especially for the case of large N1*N2*O1*O2*N3. 


In addition, although SD/FD basis are reported per TRP group, whether is reported per TRP group or per TRP should be further studied. That is there are two following options for reporting 
· 
Option-1:  is reported per TRP group
· 
Option-2: is reported for each TRP of one TRP group, then the Alt 2 is adopted for each TRP group. 
For example, if the distance of the co-located TRPs of one TRP group is small, then Option-1 can be adopted, otherwise, Option-2 can be adopted. Which option is adopted can be based on configuration from gNB. 
· 




For example, if Rel-16 eType II is used per TRP, for TRP in TRP group , layer , and frequency domain unit , we can have the following precoding matrix format in formula (1) or (2) if SD and FD basis are reported per TRP group and the  is reported for each TRP. In formula (1) each TRP corresponds to one strongest coefficient and in formula (2) each TRP group corresponds to one strongest coefficient. 

    (1)

   (2)

If SD and FD basis are reported per TRP group and  is reported for each TRP group, then the formula (3) can be adopted. 

(3)







and are relative information of strongest amplitudes and phase across TRP/TRP groups respectively, includes relative information of reference frequency domain vectors across TRP groups and  includes relative information of phases of TRPs/TRP groups.  reflects the co-phase across TRPs caused by frequency carrier offset between different TRPs. can be reported using a doppler/time domain base.  is  co-phase of different TRPs. 



Although the index of SD index, FD index and TRP index corresponding to the strongest coefficient across N TRPs can be reported, the and  are also needed to be reported as needed to be reported considering the range of coefficients of different TRPs/TRP groups are different. 




Considering that larger granularity (e.g., PRG) of one precoding matrix may be suitable for smaller delay spread scenario, and then delay spread across all TRPs should be larger than delay spread of one TRP, we identify the necessity of different frequency domain granularities for reporting and . One legacy frequency domain unit includes more than one new frequency domain unit . One subband includes up to 2 legacy frequency domain units and more than 2 new frequency domain units. 

Proposal 10: Regarding CJT codebook structure, Alt 1A with SD and FD basis selected for each TRP group is supported, and then further study following option about  
· 
Option-1: reported per TRP group 
· 
Option-2: reported for each TRP in a TRP group 
· FFS: If both are supported, one of above can be indicated based on gNB CSI configuration. 
3.2.3 How to report  SD/FD basis
Regarding SD/FD basis report, there is following agreement in RAN1#109-e. 
	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
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




In our views, Alt 1 is supported and then the UE can report relative information of reference frequency domain vectors across TRP groups, such as in formula (1) to (3).  The difference between the Alt 1/4 and Alt 2/3 is whether bitmap indicating non-zero coefficient is reported.  
· If the Alt 2/3 is adopted, then the bitmap is not needed because the SD-FD pair is reported, but the overhead of basis selection be larger than Alt 1/4 considering N1*N2*O1*O2*N3 is very large. The difference between Alt 1/2 and Alt 3/4 is whether the eigenvector-based basis is reported.  If Alt 3/4 is adopted, a coefficient for each SD/FD vector corresponding to one eigenvector should be reported and then coefficients for each eigenvector should be reported. 
· In our views, each W of one layer in current specification as one eigenvector. We do not see any necessary to combine different eigenvectors. If Alt3/4 has smaller overhead based on the assumption that eigenvectors remain same for a long time and only coefficient of eigenvector should be updated, we think this assumption has been adopted in CSI enhancement with Doppler domain basis,. Therefore, we think we can adopt Doppler domain basis for CJT after CSI enhancement with Doppler domain basis completed. Alternatively, coefficients of each eigenvector reflects relative relationship between different layers, which is same as reporting the information of D of H? We are not sure the meaning/the reason to report eigenvector basis. 
Second, a frequency basis to reflect relative information of reference frequency domain vectors across TRP group should be reported by the UE. Considering that larger granularity (e.g., PRG) of one precoding matrix may be suitable for smaller delay spread scenario, and then delay spread across all TRPs should be larger than delay spread of one TRP, we identify the necessity of different frequency domain granularities for reporting SD basis for each TRP group and the frequency basis to reflect relative information of reference frequency domain vectors across TRP. 
Third, the window of FD basis should be reported per TRP group considering there is a big delay between different TRP groups. 
Fourth, the number of FD basis and FD basis can be configured per TRP group considering different TRP groups have different RSRPs and less clusters of one TRP group with low RSRP can arrive to the UE compared with another TRP group with high RSRP. Of course, the UE can  also reports the number of selected of SD/FD basis for each TRP group based on the RSRP of each TRP in CSI part 1.
Proposal 11: Regarding reporting SD/FD basis, Alt 1 with SD and FD basis selected for each TRP group and reported separately is supported, and then the following additional information can be supported:
· To report relative offset of reference FD basis per TRP group with respect to a reference TRP group
· The relative offset corresponds to a frequency base with a smaller frequency unit than normal FD basis
· For instance, frequency domain vector per TRP group is reported using legacy frequency domain granularity in terms of subband TPMI or half subband, but relative information about reference frequency domain vector across TRPs should be reported using new frequency domain granularity (e.g., RE-level/PRB-level).
· The window of FD basis is reported per TRP group. 
· The number of SD/FD selected is TRP group specific based on configuration or reported by the UE. 
3.2.4 W2 design 
Regarding W2 design in CSI codebook, there are following agreements reached in RAN1#109-e
	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  (W2)
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” 



First, if  W2 is reported per TRP of each TRP group, then non-zero bitmap is reported per TRP. If W2 is reported per TRP group, then non-zero bitmap is reported per TRP group. The level of  W2 and the non-zero bitmap is same.













Second, the index of SD index and TRP index corresponding to the one strongest coefficient across N TRPs can be reported, such as for the strongest coefficient of and , that is , .  Each TRP/TRP group has one strongest coefficient and the relative of strongest coefficient of each TRP/TRP group with respective to the strongest TRP/TRP group is reported, such as and in formula (1) to (3) are reported. The index of SD index corresponding to and except and  is not reported. Whether the FD index for each strongest coefficient  and is reported depends on the reporting scheme of FD basis.
Proposal 12: Regarding CJT codebook structure, W2 can be reported per TRP group or per TRP depends on configuration from gNB
· Bitmap indicating non-zero coefficient is reported per TRP/TRP group depends on the reporting scheme of 
· Index of SD index and TRP/TRP group index corresponding to the strongest coefficient across N TRPs needs to be reported
· For each TRP/TRP group corresponds to one strongest coefficient, the SD index of the strongest coefficient of one TRP/TRP group except for the strongest TRP/TRP group is not reported and the relative relation information of the strongest coefficient between one TRP/TRP group and the strongest TRP/TRP is reported.
3.2.5 Power normalization for CJT precoding matrix
As shown in equation (1), the CJT precoding matrix can be normalized per TRP, but it may destroy the structure of CJT precoding matrix. 
Proposal 13: Study the mechanism of normalizing the CJT precoding matrix, such as normalized precoding matrix per TRP or per CJT precoding matrix.  
3.3 How to determine the N TRPs of one reported PMI
Regarding determining the N TRP of one reported PMI, there are following agreements in RAN1#109-e.
	
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
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}



We are open for the three alternatives. We lightly prefer Alt 2 which has lower signaling overhead compared with Alt 3 and has more flexibility compared with Alt 1. For example, the UE reports one or multiple CRIs and one PMI for each of K transmission hypotheses and the K is configured by gNB.
From our simulation results, we support NTRP={1, 2, 3, 4} considering multiple panels case and density small cell case.  
Proposal 14: Regarding determining the N TRPs of PMI, we support Alt2, that is the UE reports one or multiple CRI and one PMI for each of the K transmission hypotheses, where K is configured by gNB. The N belongs to {1, 2, 3, 4} 
3.4 Mapping between CSI-RS resources and TRPs
Regarding the mapping between CSI-RS resources and TRPs, there is following agreement in RAN1#109-e
	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


For the mapping between CSI-RS resource and TRPs, there are following alternatives
· Alt-1: Each TRP group correspond to one CSI-RS resource and different TRP groups corresponds to different CSI-RS resources. But it limits the sum of CSI-RS ports in each TRP group is 32.  
· Alt-2: Each TRP correspond to one CSI-RS resource and one TRP group includes one or more CSI-RS resources.  It allows the sum of CSI-RS ports in each TRP group can be larger than 32. 
· Alt3: It is a combination of Alt1 and Alt2, each TRP group correspond to one CSI-RS resource or more CSI-RS resources and each CSI-RS resource includes one or more TRPs. For example, if the sum of CSI-RS ports in one TRP group is smaller than or equal to 32, one TRP group corresponds to one CSI-RS resource, otherwise one TRP group corresponds to multiple CSI-RS resource. 
We prefer to Alt 3 considering signaling overhead and flexibility. 
Proposal 15: Regarding mapping between TRPs and CSI-RS resource, it should be supported that one TRP group corresponds to one or more CSI-RS resources and one CSI-RS resource includes one or more TRPs of one TRP group.
·    Each CSI-RS resource corresponds to one TCI state. 
3.5 Reporting receiving side information
Regarding reporting receiving side information, there is following agreement in RAN1#109-e
	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


In MU-MIMO, the precoding should be refined according to scheduled UE using SLNR or zero-forcing approach. In such case, the CQI/MCS estimation for refining the precoding is quite difficult in gNB side. As a results, for guaranteeing the transmission performance (e.g., HARQ procedure), there may be a pre-degradation for CQI. Due to path-loss/received power difference for each of TRP in CJT, this issue become much severe for CJT compared with STRP. 
Alternatively, receiving side information can be considered to be reported for reconstructing the whole channel, i.e., H, in gNB side, and then Rnn information can be implicitly reported as well.  
· In SLS, we have the following performance comparison between legacy (i.e., W-based without Rx side information report) and proposed Rx side information report (to imply the whole channel property) in MU-MIMO. It can be observed that, based on the receiving side information, there may be a significant performance gain, especially for CJT case. 
Table 4 SLS simulation results for sTRP/CJT with/without receiving side information
	Case
	sTRP
	CJT

	
	mean
	5%
	50%
	95%
	mean
	5%
	50%
	95%

	Legacy(w.o., Rx inf.)
	155.05 (100%)
	30.47 (100%)
	135.19 (100%)
	334.72 (100%)
	149.46
 (100%)
	23.56 (100%)
	131.73 (100%)
	334.72 (100%)

	Rx inf. report
	155.82 (+0.5%)
	30.93  (+1.5%)
	138.67  (+2.5%)
	334.72 (+0%)
	180.38 (+20.4%)
	42.64
(+80.1%)
	165.27 (+25.5%)
	334.72 (+0%)


Proposal 16: Regarding CJT codebook, support additional information of receiver side information per layer, e.g. information related to the left singular matrix U of the channel, in order to maximize performance gains of MU-MIMO (e.g., for determining optimal Tx precoding and post-SINR/CQI) in C-JT.
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5 Conclusion
In this contribution, we discuss CSI enhancement for high/medium UE velocities and CJT. Observations and proposals are listed as follows.
CSI enhancement for high/medium UE velocities
Observation 1: Regarding CSI prediction, if supported in this WID, UE-side Doppler prediction and Doppler-related CSI compression should be handled with higher priority over gNB-side.
Observation 2: Regarding On the CSI reporting and measurement for the Type-II codebook refinement for high/medium velocities, based on SLS simulation results in UMa, we can observe:
· Under UE-side prediction (H-based with Wiener filter and extrapolation), a dominant performance can be obtained via exploring Doppler-domain information compared with legacy under the same RS overhead.
· In 20~30km/h, a maximal performance gains over legacy can be observed (it implies that a typical scenario for this CSI enhancement), and then lower or larger than this range, the performance gain is decreased.
Observation 3: From the perspective of UE receiver, Doppler shift is contributed by both UE mobility and deviation of centric frequency between gNB and UE oscillators and can be compensated for UE-side synchronization, and therefore the necessity of the report of a single Doppler-shift estimate based on either a single CSI-RS or a unique spatial basic vector (e.g., Type I codebook) is unclear. 
Proposal 1: Regarding work scope of Type-II codebook refinement for high/medium velocities, both Rel-16 eType-II regular codebook and Rel-17 FeType-II port selection (PS) codebook should be involved
· For sake of moving forward this topic well, the corresponding enhancements on Rel-16 eType-II regular codebook can be treated firstly.
Proposal 2: Regarding codebook structures for high/medium velocities, support Doppler-domain basis commonly selected for all SD/FD bases, e.g.  (i.e., Alt2A).
Proposal 3: Regarding codebook structures for high/medium velocities, orthogonal DFT with rotation factor should be considered as a starting point.
Proposal 4: On the Type-II codebook refinement for high/medium velocities, for codebook structures with DD basis, the following parameters is configured by higher layer:
· Doppler-/time-domain (DD/TD) basis vector length N4
· The number of selected DD basis S
· One or two bitmaps are used to indicate the position of nonzero coefficients on SD, FD and DD 
Proposal 5: Regarding Resource setting configuration on CSI-RS, periodic and semi-persistent CSI-RS should be supported.
· FFS: necessity and benefits of supporting aperiodic CSI-RS.
Proposal 6: On the CSI reporting and measurement for the Type-II codebook refinement for high/medium velocities, nref (CSI reference resource slot) as boundary is supported considering legacy CQI determination, and then the UE-side CSI prediction based CSI codebook should be supported.
· The following two candidates should be considered as a starting point: Alt1.B:  l ≥ nref, Alt1.C: l < nref and l + WCSI –1 > nref 
· FFS: single CQI or a list of CQI(s) to be reported in the CSI report and corresponding CQI definition.
Proposal 7: For UE reporting of time-domain channel properties, the existed CSI reporting mechanism should be re-used for Doppler-shift feedback.
· One configured TRS resource set is used as a reference, and the relative Doppler shift/frequency offset among the other TRS resource sets and the reference TRS resource set should be reported (i.e., Alt4B. Relative Doppler shifts of different TRSs).
CSI enhancement for CJT
Observation 4: From evaluation results, it can be observed that, 
· For SU-MIMO, compared with sTRP and NC-JT, C-JT can bring performance gains in terms of both cell-edge and mean UPT.
· For MU-MIMO, compared with sTRP, C-JT can also bring performance gains in terms of both cell-edge and mean UPT, and then performance gain introducing by CJT increases as SU-MIMO is changed to MU-MIMO 
Observation 5: For CSI codebook for CJT, spatial domain basis and frequency basis reported per TRP group should be considered in order to accommodate intra-site, inter-site and intra&inter-site scenarios. 
· Each TRP group includes co-located TRPs and different TRP groups include TRPs in different locations.  
Proposal 8: Regarding evaluation on CJT enhancement, 
· Legacy topology for TRP/cell as used in 3GPP should be considered firstly, and then we may further discuss other topologies.
· Intra-site, inter-site, and intra-&inter-site scenarios can be considered for evaluation.
Proposal 9: Spatial domain basis and frequency basis should be reported per TRP group. 

Proposal 10: Regarding CJT codebook structure, Alt 1A with SD and FD basis selected for each TRP group is supported, and then further study following option about  
· 
Option-1: reported per TRP group 
· 
Option-2: reported for each TRP in a TRP group 
· FFS: If both are supported, one of above can be indicated based on gNB CSI configuration. 
Proposal 11: Regarding reporting SD/FD basis, Alt 1 with SD and FD basis selected for each TRP group and reported separately is supported, and then the following additional information can be supported:
· To report relative offset of reference FD basis per TRP group with respect to a reference TRP group
· The relative offset corresponds to a frequency base with a smaller frequency unit than normal FD basis
· For instance, frequency domain vector per TRP group is reported using legacy frequency domain granularity in terms of subband TPMI or half subband, but relative information about reference frequency domain vector across TRPs should be reported using new frequency domain granularity (e.g., RE-level/PRB-level).
· The window of FD basis is reported per TRP group. 
· The number of SD/FD selected is TRP group specific based on configuration or reported by the UE. 
Proposal 12: Regarding CJT codebook structure, W2 can be reported per TRP group or per TRP depends on configuration from gNB
· Bitmap indicating non-zero coefficient is reported per TRP/TRP group depends on the reporting scheme of 
· Index of SD index and TRP/TRP group index corresponding to the strongest coefficient across N TRPs needs to be reported
· For each TRP/TRP group corresponds to one strongest coefficient, the SD index of the strongest coefficient of one TRP/TRP group except for the strongest TRP/TRP group is not reported and the relative relation information of the strongest coefficient between one TRP/TRP group and the strongest TRP/TRP is reported.
Proposal 13: Study the mechanism of normalizing the CJT precoding matrix, such as normalized precoding matrix per TRP or per CJT precoding matrix.  
Proposal 14: Regarding determining the N TRPs of PMI, we support Alt2, that is the UE reports one or multiple CRI and one PMI for each of the K transmission hypotheses, where K is configured by gNB. The N belongs to {1, 2, 3, 4} 
Proposal 15: Regarding mapping between TRPs and CSI-RS resource, it should be supported that one TRP group corresponds to one or more CSI-RS resources and one CSI-RS resource includes one or more TRPs of one TRP group.
·    Each CSI-RS resource corresponds to one TCI state. 
Proposal 16: Regarding CJT codebook, support additional information of receiver side information per layer, e.g. information related to the left singular matrix U of the channel, in order to maximize performance gains of MU-MIMO (e.g., for determining optimal Tx precoding and post-SINR/CQI) in C-JT.

6 Appendix
Table-5 SLS evaluation assumption for Doppler related Type-II codebook refinement
	Parameter
	Value

	Carrier Frequency
	2GHz

	Channel Model
	According to the TR 38.901
3D UMa

	Scenario
	Dense urban

	Antenna setup and port layouts at gNB
	(M, N, P, Mg, Ng, Mp, Np) =(1,4,2,1,1,1,4).
(dH, dV) = (0.5, 0.8)

	Antenna setup and port layouts at UE
	(M, N, P, Mg, Ng, Mp, Np) =(1,2,2,1,1,1,2)
(dH, dV) = (0.5, 0.5)

	Modulation
	Up to 256QAM 

	BS Tx power
	46 dBm

	UE Tx power
	23dBm

	BS antenna height
	25 m

	BS receiver noise figure
	5dB

	UE receiver noise figure
	9dB

	Numerology
	14 OFDM symbol slot, 30kHz SCS

	Bandwidth
	20MHz

	UE receiver
	MMSE-IRC

	Network Layout
	2 UEs per cell (in a total of 7 cells)

	PMI/CQI feedback
	Subband

	UE distribution
	100% outdoor (3km/h, 10km/h, 20km/h,30km/h or 60km/h)

	Traffic model
	Full buffer

	CSI feedback
	CSI feedback periodicity : 5 slots
Measurement window: 870 slots

	MIMO scheme
	MU-MIMO with rank adaptation
Maximum rank = 4 per UE

	Performance metrics
	Average UPT and cell-edge/95%-ile UPT



Table-6 SLS evaluation assumption for CJT codebook refinement
	Parameter
	Value

	Carrier Frequency
	2GHz

	Channel Model
	According to the TR 38.901
3D UMa

	Scenario
	Dense urban

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

	Antenna setup and port layouts at UE
	(M, N, P, Mg, Ng, Mp, Np) =(1,2,2,1,1,1,2)
(dH, dV) = (0.5, 0.5)

	Modulation
	Up to 256QAM 

	BS Tx power
	46 dBm

	UE Tx power
	23dBm

	BS antenna height
	25 m

	BS receiver noise figure
	5dB

	UE receiver noise figure
	9dB

	Numerology
	14 OFDM symbol slot, 30kHz SCS

	Bandwidth
	20MHz

	UE receiver
	MMSE-IRC

	Network Layout
	20 UEs per cell (in a total of 21 cells)

	PMI/CQI feedback
	Subband

	Traffic model
	FTP-1

	MIMO scheme
	SU/MU-MIMO with rank adaptation
Maximum rank = 4 per UE
SU = 30%, MU = 50~70%

	Performance metrics
	Average UPT and cell-edge/95%-ile UPT



image3.wmf
2

W


image45.wmf
)

3

(

/

,

*

*

x

j

l

p


oleObject50.bin

image46.wmf
)

3

(

/

,

*

*

x

j

l

j


oleObject51.bin

oleObject52.bin

oleObject53.bin

image47.png




oleObject54.bin

oleObject55.bin

oleObject56.bin

oleObject2.bin

image4.wmf
V


oleObject3.bin

image5.wmf
H2H

=

HHV

Σ

V


oleObject4.bin

oleObject5.bin

oleObject6.bin

image6.png
RS meas. window
CSI reference res.

Reporting window Wesi

Rel-18 CSI

=
ML

- S

time




image7.png
Reporting window Wesi




image8.emf
……

Legacy:

Prediction: 

(Wiener + Extrapolation)

……

5ms

Slot-n

CSI @slot-n

Slot-n+5 ~ n+9

Wiener prediction

Slot-n Slot-n+5 Slot-n+10

Extrapolation


oleObject7.bin
�

… … 


Legacy:


Prediction: 
(Wiener + Extrapolation)


… … 


5ms


Slot-n


CSI @slot-n


Slot-n+5 ~ n+9


Wiener prediction


Slot-n


Slot-n+5


Slot-n+10


Extrapolation



image9.png




image10.png
Report setting.
(requencyosetin reporruantin)

A
[ 1

TRSresuresstl TRSremumesstz  TRSmsourset TR resourcsetd
00 700 200H: 10082

\—Y—J

UE report thefraquency offsets (2004 600K, ~400Hs)




image11.emf
UE

TRP

TRP1

TRP2

UE

TRP3

UE

TRP4

TRP1

TRP2

UE

TRP3

(a) Intra-site

(b) Inter-site (c) Intra-&Inter-site


oleObject8.bin
UE


TRP


TRP1


TRP2


UE


TRP3


UE


TRP4


TRP1


TRP2


UE


TRP3


(a) Intra-site


(b) Inter-site


(c) Intra-&Inter-site



image12.png




image13.png




image14.png




image15.png




image16.wmf
2

W


oleObject9.bin

oleObject10.bin

oleObject11.bin

oleObject12.bin

oleObject13.bin

image17.wmf
j


oleObject14.bin

image18.wmf
x


oleObject15.bin

image19.wmf
l


oleObject16.bin

image20.wmf
1

t


oleObject17.bin

oleObject18.bin

image21.wmf
ú

ú

ú

ú

û

ù

ê

ê

ê

ê

ë

é

=

ú

û

ù

ê

ë

é

=

å

å

å

å

-

=

-

=

+

+

-

=

-

=

1

0

1

0

)

2

(

,

,

,

)

2

(

,

,

,

)

2

(

,

,

,

)

1

(

,

,

)

4

(

)

3

(

,

)

3

(

,

)

1

(

,

1

,

,

1

0

1

0

)

2

(

,

,

,

)

2

(

,

,

,

)

2

(

,

,

,

)

1

(

,

,

)

4

(

)

3

(

,

)

3

(

,

)

1

(

,

0

,

,

,

1

,

0

,

,

,

2

1

2

1

1

1

1

1

j

j

j

j

L

i

M

f

j

f

L

i

l

j

f

L

i

l

x

f

l

t

x

l

t

j

j

l

j

l

j

l

x

i

L

i

M

f

j

f

i

l

j

f

i

l

x

f

l

t

x

l

t

j

j

l

j

l

j

l

x

i

j

l

l

j

t

l

j

t

l

x

j

t

p

y

y

p

p

v

p

y

y

p

p

v

w

w

w

j

j

j

j

j

j

g

，

，


oleObject19.bin

image22.wmf
ú

ú

ú

ú

û

ù

ê

ê

ê

ê

ë

é

=

ú

û

ù

ê

ë

é

=

å

å

å

å

-

=

-

=

+

+

-

=

-

=

1

0

1

0

)

2

(

,

,

,

)

2

(

,

,

,

)

2

(

,

,

,

)

1

(

,

,

)

4

(

)

3

(

,

)

3

(

,

)

1

(

,

1

,

,

1

0

1

0

)

2

(

,

,

,

)

2

(

,

,

,

)

2

(

,

,

,

)

1

(

,

,

)

4

(

)

3

(

,

)

3

(

,

)

1

(

,

0

,

,

,

1

,

0

,

,

,

2

1

2

1

1

1

1

1

j

j

j

j

L

i

M

f

j

f

L

i

l

j

f

L

i

l

x

f

l

t

x

l

t

x

x

l

x

l

x

l

x

i

L

i

M

f

j

f

i

l

j

f

i

l

x

f

l

t

x

l

t

x

x

l

x

l

x

l

x

i

j

l

l

j

t

l

j

t

l

x

j

t

p

y

y

p

p

v

p

y

y

p

p

v

w

w

w

j

j

j

j

j

j

g

，

，


oleObject20.bin

image23.wmf
2

W


oleObject21.bin

image24.wmf
ú

ú

ú

ú

û

ù

ê

ê

ê

ê

ë

é

=

ú

û

ù

ê

ë

é

=

å

å

å

å

-

=

-

=

+

+

-

=

-

=

1

0

1

0

)

2

(

,

,

,

)

2

(

,

,

,

)

2

(

,

,

,

)

1

(

,

,

)

5

(

1

,

)

4

(

)

3

(

,

)

3

(

,

)

1

(

,

1

,

,

1

0

1

0

)

2

(

,

,

,

)

2

(

,

,

,

)

2

(

,

,

,

)

1

(

,

,

)

5

(

0

,

)

4

(

)

3

(

,

)

3

(

,

)

1

(

,

0

,

,

,

1

,

0

,

,

,

2

1

2

1

1

1

1

1

j

j

j

j

L

i

M

f

x

f

L

i

l

x

f

L

i

l

x

f

l

t

x

l

t

j

x

x

l

x

l

x

l

x

i

L

i

M

f

x

f

i

l

x

f

i

l

x

f

l

t

x

l

t

j

x

x

l

x

l

x

l

x

i

j

l

l

j

t

l

j

t

l

x

j

t

p

y

y

p

p

v

p

y

y

p

p

v

w

w

w

j

j

j

j

j

j

j

j

g

，

，


oleObject22.bin

image25.wmf
)

3

(

/

,

x

j

l

p


oleObject23.bin

image26.wmf
)

3

(

/

,

x

j

l

j


oleObject24.bin

image27.wmf
)

1

(

,

,

1

x

l

t

y


oleObject25.bin

image28.wmf
)

4

(

/

x

j

j


oleObject26.bin

image29.wmf
)

4

(

/

x

j

j


oleObject27.bin

image30.wmf
)

4

(

/

x

j

j


oleObject28.bin

image31.wmf
)

5

(

,

p

j

j


oleObject29.bin

image32.wmf
)

3

(

/

,

x

j

l

p


oleObject30.bin

image33.wmf
)

3

(

/

,

x

j

l

j


image1.wmf
jwt

e


oleObject31.bin

image34.wmf
)

1

(

,

,

j

p

l

p


oleObject32.bin

image35.wmf
)

1

(

,

,

1

x

l

t

y


oleObject33.bin

image36.wmf
)

2

(

,

,

,

2

x

f

l

t

y


oleObject34.bin

image37.wmf
2

t


oleObject35.bin

image38.wmf
1

t


oleObject1.bin

oleObject36.bin

oleObject37.bin

image39.wmf
2

W


oleObject38.bin

image40.wmf
2

W


oleObject39.bin

image41.wmf
)

1

(

,

,

1

x

l

t

y


oleObject40.bin

image42.wmf
*

*

*

/

,

x

j

i


oleObject41.bin

image2.png
CDF

09

08

[ik4

06

05

04

03

02

01

—— legacy-UE-1
= = = Wiener-and-extrapolation-UE-1
—— legacy-UE-2

= = = Wiener-and-extrapolation-UE-2

01

02

03

04

05
Cross correlation

06





oleObject42.bin

oleObject43.bin

image43.wmf
1

max

)

3

(

/

,

/

)

3

(

/

,

*

*

=

=

x

j

l

x

j

x

j

l

p

p


oleObject44.bin

image44.wmf
0

)

3

(

/

,

*

*

=

x

j

l

j


oleObject45.bin

oleObject46.bin

oleObject47.bin

oleObject48.bin

oleObject49.bin

