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1. Introduction
In the RAN#94e meeting, the working item “NR MIMO evolution for downlink and uplink” for Rel-18 is approved. For CSI enhancement, two topics are to be studied, and if justified, specified: CSI for high/medium UE velocities and coherent joint transmission (CJT). The objectives of CSI enhancement are 
· 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
· 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:
· Rel-16/17 Type-II codebook refinement for CJT mTRP targeting FDD and its associated CSI reporting, taking into account throughput-overhead trade-off
· 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
· Note: the maximum number of CSI-RS ports per resource remains the same as in Rel-17, i.e. 32
In this technical document, we provide our views on study plan, evaluation methodology, and initial results, focusing on Rel-16/17 Type-II codebook refinement for downlink.
2. CSI enhancement for high/medium UE velocities
2.1. CSI framework
The current NR CSI framework assumes a snapshot approach for CSI reporting. That is, a CSI report can only provide CSI for a particular instant, specified in terms of CSI reference resource. Based on this framework, gNB applies the reported CSI to a time interval of interest in the future. This approach works well as long as the channel changes slowly in time, more likely due to low UE velocities. By contrast, when UEs are in high/medium UE velocities, CSI quickly becomes outdated, especially for high-resolution CSI like the Type II codebook family. A possible workaround without modifying the current CSI framework is that gNB uses multiple CSI reports of different occasions to infer future CSI. Nevertheless, there are at least two issues: First, scheduling frequent CSI reports in a short period incurs large feedback overhead. Second, the reported CSI is quantized and calculated independently, so it is unclear whether they are good enough for extrapolating or predicting future CSI, especially CQI. Hence, enhancement of CSI reporting exploiting time-domain correlation is preferable. As for CSI measurement, multiple CSI-RS occasions are required for CSI extrapolation/prediction, so the higher layer parameter timeRestrictionForChannelMeasurements in CSI-ReportConfig should be set to "notConfigured”.
Proposal 1: For CSI enhancement of high/medium UE velocities, study what to report in one single CSI report so that gNB can acquire/infer CSI for a future time, assuming that timeRestrictionForChannelMeasurements in CSI-ReportConfig is set to "notConfigured”.
In Rel-15, the spatial-domain correlation was exploited to efficiently compress the optimal precoders. In Rel-16, the frequency domain correlation is further exploited to reduce the feedback overhead for subband reporting. Now for Rel-18, the only domain not yet exploited is the time domain. At a first glance, we can use the time domain correlation to reduce the CSI feedback overhead of different CSI-RS transmission occasions. However, one key difference is that for time domain not only compression but also extrapolation/prediction needs to be considered.
Observation 1: CSI enhancement exploiting time-domain correlation needs to tackle CSI extrapolation (prediction).
The follow-up issue is how to perform CSI extrapolation/prediction. The input-output relation of the CSI extrapolation/prediction problem is given by: At slot , the inputs are measured channels . The outputs are . To tackle the problem, there are basically two approaches:
1) (First) calculate and (then) predict
The measured channels from CSI-RS transmission occasions are processed based on a CSI codebook to acquire CSI. Then, the future CSI is predicted using the calculated CSI for the measured channels. 
2) (First) predict and (then) calculate
The measured channels are first used to predict future channels for each occasion. Then, the predicted channels are processed based on a CSI codebook to acquire predicted CSI.
The above two approaches are both feasible for UE and the order of operation is up to UE implementation. One alternative is to leave the task of prediction to gNB, i.e., in “calculate and predict”, UE performs the first step “calculate” and gNB performs the second step “predict”. As gNB and UE should have a common understanding on the CSI reference, further study on reporting predicted future CSI and reporting measured past CSI is needed. Finally, yet other alternatives are to report measured channels directly.
Proposal 2: For CSI enhancement for high/medium UE velocities, study the following alternatives:
· Alt. 1: UE reports predicted future CSI.
· Alt. 2: UE reports measured past CSI.
· Alt. 3: UE reports measured channels with compression.
Our initial study shows that Alt. 1 is preferable. First, CQI calculation highly depends on UE implementation. If CQI has variation in time, then it is unclear how gNB can derive MCS based on CQIs calculated for the past channels. For Alt. 2, as RI and CQI are discrete and PMI is quantized, it may be challenging for gNB to perform extrapolation/prediction. As for Alt. 3, it has more specification impact since reporting measured channels directly is not aligned with the current NR design.
Finally, we note that the singular vectors are not smooth functions in time. Let  be a right singular vector corresponding to the largest singular value of . Since  is still a valid singular vector, phase adjustment can be applied to facilitate compression in time domain. However, as said, extrapolation/prediction is required, so not only is it preferable that {} enjoys a succinct representation, but it also requires that {} is predictable. Figure 1 shows a sample sequence of the power of {}, where  is an entry of . Figure 2 shows a sample sequence of the power of {}, where  is the first entry of . The singular vector does not vary smoothly in time. The phenomenon can be attributed to several reasons: First, SVD is a non-linear operation. Second, the singular vectors are necessarily normalized. Finally, and more importantly, the singular values are ordered, but an order change introduces slope change, as shown in Figure 3. 
Observation 2: Singular vectors do not vary smoothly in time, even with phase adjustment. 
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Figure 1: Sample sequence of channel
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Figure 2: Sample sequence of singular vector
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Figure 3: Sample sequence of (ordered) singular values

2.2. CSI codebook design
In this section, we examine the performance loss when the same RI and PMI is applied for a period, assuming the Rel-16 enhanced Type II codebook with parameter combination 5. We consider two scenarios: Urban macro (UMa) with UE speed 30 km/hr and rural macro (RMa) with UE speed 60 km/hr. Also, we consider LOS and NLOS conditions separately. The channels are generated using the fast-fading model in TR 38.901. The spatial consistency update is applied every 2 ms to check whether the selected spatial-domain basis vectors  and frequency-domain basis vectors  need to be updated or not. 
The performance metric is the achievable throughput based on the MIMO capacity . Figures 4, 5, 6, 7 plot the performance loss comparing with the case where RI and PMI are calculated per occasion independently, with SNR = 10 dB. Under the LOS condition, for both the RMa scenario and the UMa scenario, the , and  can be the same for 40 ms with marginal performance loss. The more challenging case is when the channel is NLOS. For the RMa scenario with NLOS channel condition, the performance loss is still acceptable when the rank, , and  are fixed. However, for the UMa scenario with NLOS, the performance loss is acceptable only when  can be updated. 
Observation 3: When the channel is LOS, the rank, , and  can be the same for 40 ms with acceptable performance, for both the RMa scenario with UE speed 60 km/hr and the UMa scenario with UE speed 30 km/hr.
Observation 4: For the case of RMa 60 km/hr and NLOS, the rank, , and  can be the same for 40 ms with acceptable performance.
Observation 5: For the case of UMa 30 km/hr and NLOS, at least the rank and  can be the same for 40 ms with acceptable performance.
Based on the above observations, we propose to first restrict attention to the case where a single tuple of RI, ,  is reported in a CSI report for the Rel-16/17 Type-II codebook refinement. Reporting variation of frequency-domain basis vectors can be for further study.
Proposal 3: For the Rel-16/17 Type-II codebook refinement, focus on the case where a CSI report includes single RI, single , and single .
· FFS enhancement on reporting frequency-domain basis vectors
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Figure 4: Performance loss due to outdated CSI: RMa, 60km/hr, NLOS
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Figure 5: Performance loss due to outdated CSI: RMa, 60km/hr, LOS
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Figure 6: Performance loss due to outdated CSI: UMa, 30km/hr, NLOS
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Figure 7: Performance loss due to outdated CSI: UMa, 30km/hr, LOS

Based on the assumption that  and  are fixed within a period of interest, a precoder in slot  can be described as . Then, the problem is reduced to study how to exploit time-domain correlation of . To be aligned with the existing Rel-15 and Rel-16 designs, we propose to adopt DFT basis vectors also for the time domain.
Proposal 4: For the Rel-16/17 Type-II codebook refinement, DFT basis vectors are applied for compressing the linear combination coefficients {}.
In the frequency domain, RBs are grouped into subbands and the same PMI is applied within a subband.  Similarly, for the time domain, we may consider introducing a new term “sub-period”, which consists of multiple slots and the same CSI is applied with a sub-period.
Proposal 5: For the Rel-16/17 Type-II codebook refinement exploiting time-domain correlation, introduce a configurable application time unit consisting one or multiple of slots.

2.3. Evaluation methodology
For the evaluation of Type II codebooks in Rel-16 and Rel-17, the dense urban scenario (with macro only) was considered. The dense urban scenario is suitable for the study of medium UE velocities. For high UE velocities, we propose to consider the rural scenario. As for the UE velocities, we propose to consider 30 km/hr for the dense urban scenario and 60 km/hr for the rural scenario. 
Proposal 6: For the evaluation of CSI enhancement of high/medium UE velocities, consider the following scenarios:
1) Rural with UE speed 60 km/hr.
2) Dense urban (macro only) with UE speed 30 km/hr.

Our proposed evaluation assumptions are summarized in Table 1.

Table 1: SLS assumptions for CSI enhancement of high/medium UE velocities
	Parameter
	Value

	Scenario
	Dense Urban (macro only)
	Rural

	Duplex, Waveform 
	FDD, OFDM 

	Multiple access 
	OFDMA 

	Frequency Range
	FR1 only, 2 GHz.

	Inter-BS distance
	200 m 
	1732 m

	Channel model
	According to the TR 38.901 

	Antenna setup and port layouts at gNB
	32 ports: (8,8,2,1,1,2,8), (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

	BS Tx power 
	41 dBm
	46 dBm

	BS antenna height 
	25 m 
	35 m

	UE antenna height & gain
	Follow TR36.873 

	UE receiver noise figure
	9 dB

	Modulation 
	Up to 256 QAM 

	Numerology
	Slot/non-slot 
	14 OFDM symbols per slot

	
	SCS 
	15 kHz 

	Simulation bandwidth 
	10 MHz

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

	CSI-RS periodicity
	4 slots

	CSI feedback 
	CSI feedback periodicity:  reported by company
Scheduling delay: at least 4 ms

	Traffic model
	FTP model 1 with packet size 0.5 Mbytes

	Traffic load (Resource utilization)
	70%

	UE distribution
	[80%] indoor (3km/h), 
[20%] outdoor (30km/h)
	[50%] indoor (3km/h), 
[50%] outdoor (60km/h)

	UE receiver
	MMSE-IRC



Finally, as the vehicular UEs move with high/medium speeds, it requires to investigate whether the small-scale parameters, such as the cluster delay, cluster power, cluster departure angles, and cluster arrival angles, need to be updated over time. If the period of interest, including measurement and application of a CSI report, is short, then the assumption of fixed small-scale parameters makes sense and simplifies the simulation effort. However, if the period of interest allows UEs to move with a distance comparable with the correlation distance, then it makes more sense that the small-scale parameters are updated. The correlation distances for spatial consistency are specified in TS 38.901 [2]. For the rural scenario, the correlation distance can be as low as 50 m. For the dense urban scenario, the correlation distance can be as low as 40 m. The autocorrelation function can be described with sufficient accuracy by the exponential function [2]
.
Figure 8 plots the correlation versus time , assuming 30 km/hr for the dense urban scenario and 60 km/hr for the rural scenario. If a CSI duration, including measurement and application, exceeds 200 ms, then the spatial consistency procedure should be enabled. 
Proposal 7: RAN1 discusses whether the spatial consistency procedure is applied for system-level simulations. 
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Figure 8: Correlation versus time.

3. CSI enhancement for coherent JT
3.1. Background – mTRP coherent joint transmission
In current wireless systems, inter-cell interference remains a primary bottleneck to achieve high throughput and coverage. Base station (BS) cooperation has been studied since LTE days to mitigate this issue. However, tight synchronization required for coherent cooperation limits the achievable gains. Therefore, in 5G NR Rel-16 and 17, non-coherent joint transmission (NCJT) was supported for cooperation of up to 2 transmission reception points (TRPs). Considering BS technology advancement and recognizing the effectiveness of coherent cooperation to improve system throughput and coverage, Rel-18 aims to support coherent joint transmission (CJT) from up to 4 TRPs.
Since the primary objective of mTRP CJT will be to enhance the CSI framework and Type II codebook, we illustrate a simple example of 2 TRP CJT in Fig. 9
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Figure 9: Two TRP CJT
Assume that two TRPs, TRP1 and TRP2 wish to jointly transmit a signal  ( layers) to a UE with  rx ports. TRP1 has  tx ports and TRP2 has  tx ports. DL channel from TRP1 to UE is  and DL channel from TRP2 to UE is .  is the effective DL channel seen by the UE, where  is the total effective number of tx ports. TRP1 uses the precoder  and TRP2 uses the precoder  for data transmission, respectively. The received signal at the UE is given by



where  is the effective CJT precoder computed and fed back by the UE. The near optimal precoder can be computed by the eigen value decomposition of the effective DL channel correlation matrix as .

In the following sections, we present our views on the CSI acquisition methods (measuring the individual TRP DL channels ) and codebook enhancements (computation and feedback of effective CJT precoder  based on Type II structure)
3.2. CSI acquisition – resource and report settings
The work item objective for mTRP CJT will be to enhance Rel-16/17 Type II codebook while the maximum of CSI-RS ports per CSI-RS resource remains 32.
Currently, a UE is not expected to be configured with more than one CSI-RS resource in a resource set for channel measurement for single TRP Rel-15, 16 and 17 Type II codebooks. However, for mTRP CJT, since the TRPs are geographically separated, it is reasonable to think that the channel conditions for different TRPs are different. As such, to maintain coherence among TRPs, the base station could use different transmission conditions (e.g., spatial filters or frequency offset compensators) in different TRPs. Therefore, we think that for Rel-18 Type II codebook, there could be more than one CSI-RS resource in a resource set. The CSI-RS resources within a resource set could be organized as CSI-RS resource groups, wherein each resource group contains one or more CSI-RS resources. The criteria for CSI-RS resources to belong within a resource group is their co-location condition. Since co-located TRPs experience similar channel conditions, we may expect that they use a single CSI-RS resource (or resource group) as shown in Fig. 10:
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Figure 10: Example of CSI-RS resource setting
With this general idea, we propose the following framework for CSI resource setting:
· The CSI-RS resource set could consist of multiple resource groups.
· Each resource group could consist of at least one CSI-RS resource.
· CSI-RS resources within the same resource group could mean that the CSI-RS is transmitted from the same TRP, panel, or location. The UE could assume that the CSI-RS resources are transmitted under the same Quasi Co Location (QCL) assumption.
· The network could configure and trigger the UE with a CSI report configuration associating the CSI-RS resource set and at least one channel measurement selection information to indicate which CSI-RS resources should be measured together. The UE could use the at least one channel measurement selection information to measure the multiple resource groups to estimate CSI information for the CSI report. 
The CSI report configuration could be configured by higher layer signaling, such as MAC CE and RRC, and could include at least one codebook configuration including at least one antenna configurations  for precoder estimation and selection on at least one CSI-RS resource or resource group.
Proposal 8: For Rel-18 CSI enhancement considering mTRP CJT, a CSI-RS resource set consists of one or more CSI-RS resource groups, with each resource group consisting of one or more CSI-RS resources.
Proposal 9: For Rel-18 CSI enhancement considering mTRP CJT, CSI-RS resources within the same resource group means that the CSI-RS is transmitted from the same TRP, panel, or location. The UE could assume that the CSI-RS resources are transmitted under the same Quasi Co Location (QCL) assumption.
3.3. Codebook design for mTRP CJT
The codebook design for mTRP coherent JT should be such that it exploits the beamforming gain and multiplexing gain from the joint transmission. As per the objective of the work item, RAN1 will refine Rel-16/17 Type II codebook for mTRP CJT. In this section, we give our views on the codebook structure and potential directions for further investigation
3.3.1. Codebook enhancements based on Rel-16 eType II
The Rel-16 eType II precoder per layer can be written as , where  represents the wideband spatial domain (SD) basis vectors,  represents the frequency domain (FD) compressed coefficients linearly combining the SD basis vectors to form transmission layers, and  represents the DFT vectors used for FD compression. The candidate Rel-18 Type II codebook contains the three components as well with some potential changes which we describe below (Fig. 11).
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Figure 11: Type II structure for Rel-18 codebook
In conventional single TRP Type II codebooks,  consists of  oversampled, polarization common DFT beams placed in the main diagonal. These beams provide beamforming gain and spatial multiplexing capabilities. Additionally, Rel-15 specifies Type I codebook for multi-panel deployments, which can be considered equivalent to joint transmission from co-located multi-TRPs. The Type I codebook for multi-panel consists of a  which contains  oversampled DFT beam per panel located in the main diagonal. This DFT beam is both panel common and polarization common. Since the panels (equivalently, TRPs) are co-located, it suffices to have the same beam from all the panels with a co-phasing to account for inter-antenna distance between panels. Motivated by the abovedesign principles, we propose a general structure for  matrix of the Rel-18 type II codebook. For a  - TRP setting, the  matrix is of the form
,
wherein  is of the form

with denoting  polarization common spatial domain DFT beams for the  TRP, and  denoting the number of transmit antenna ports in the  TRP. The main motivation for using TRP specific SD beams is to account for the fact that in a geographically separated mTRP setting, the LoS/NLoS condition for a particular UE from different TRPs could be different. However, if the TRPs are co-located, they can use the same SD beams, with the inter-panel distance related co-phasing being accounted for in the linear combination coefficient matrix. That is,  when TRPs  and  are co-located. The proposed  structure can fall back to  matrices of the legacy codebooks:
· Rel-15 Type I single panel: ,   for 
· Rel-15 Type I multi-panel: ,  for , co-located TRPs
· Rel-15 Type II single panel: ,   for 
· Rel-16 eType II single panel: ,   for 
In Rel-16 eType II codebook,  consists of linear combination coefficients which are reported to the gNB in the form of a single strongest coefficient in a particular polarization, reference amplitude for the other polarization, polarization specific differential amplitudes, and phase coefficients. While retaining a similar design reduces specification effort, mTRP CJT has the problem that a particular UE could be located near or far from the coordinating TRPs. To encounter the performance loss caused by this, there may be a need to scale individual TRP precoder coefficients. Doing so requires that the reference amplitudes and differential amplitudes be TRP specific. So, we think that RAN1 should investigate TRP specific reference amplitudes and differential amplitudes while retaining Rel-16 design as baseline.
For frequency domain compression, a single set of DFT vectors in  as in Rel-16 could be the baseline. However, keeping in mind the phase jumps across TRPs due to their geographical separation, it is worthwhile to investigate whether the FD compression should be TRP specific.
Proposal 10: Consider Rel-16 eType II based enhancement as a starting point for Rel-18 codebook considering mTRP CJT.
Proposal 11: For Rel-18 codebook considering mTRP CJT, the spatial domain (SD) information is captured in the block diagonal matrix , in which the SD basis vectors of each serving TRP are placed in the main diagonal
Proposal 12: For Rel-18 codebook considering mTRP CJT, two or more TRPs can use the same SD basis vectors if they are co-located
Proposal 13: For Rel-18 codebook considering mTRP CJT, consider Rel-16 coefficient quantization for  as the baseline.
Proposal 14: For Rel-18 codebook considering mTRP CJT, investigate TRP specific reference amplitude and differential amplitude
Proposal 15: For Rel-18 codebook considering mTRP CJT, investigate TRP specific basis vectors for FD compression in , while considering TRP common basis vectors as baseline.
3.3.2. Dynamic TRP selection
Considering an intra-cell mTRP scenario, it is plausible to assume that due to UE mobility, albeit low, and the geographical separation between TRPs, all the TRPs originally selected by the UE or configured for coherent JT do not remain the best TRPs to jointly serve the UE. An example is shown in Fig. 12.
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Figure 12: Example of dynamic TRP selection

In this figure, UE1 and UE2 are originally served by four TRPs – TRP1,2,3 and 4. However, due to UE movement, TRP 4 cannot effectively serve UE1 whereas for UE2, a single TRP, TRP4 would provide a better service. In such scenarios, instead of triggering a handover or cell selection like procedure, it would be more reasonable to incorporate this selection either by DL signaling or UE feedback. Accordingly, there are two alternatives for dynamic TRP selection:
· Alt 1: Selection by DL signaling: The base station co-ordinating the intra-cell multiple TRPs could indicate a subset of best TRPs for the UE to measure CSI-RS from and construct the precoder
· Alt 2: Selection by UE feedback: The UE after measuring CSI-RS from all the TRPs, includes a report about the selected TRPs and the associated precoder in the CSI feedback. For example, the precoder reported by UE1 could consist of three submatrices in , and the associated linear combination coefficients in .
Proposal 16: For dynamic TRP selection in Rel-18 codebook considering mTRP CJT, investigate TRP selection by higher layer downlink signaling and TRP selection by UE feedback.
3.3.3. Dynamic mTRP/sTRP switching and methods to reduce feedback overhead
Rel-17 supports single TRP (sTRP) hypothesis and two TRP NCJT hypothesis in the same CSI reporting setting. Single TRP hypothesis and NCJT hypothesis are differentiated by CSI-RS resources associated to a CSI-RS Resource Indicator (CRI) value. It is desirable to have such functionality for Rel-18 CJT framework as well. A preferred way would be to have separate CRI indexing for multi-TRP and single TRP measurement hypotheses. The UE could be configured multiple CRIs to indicate which CSI information should be estimated. One CRI could indicate at least one CSI-RS resource belonging at least one resource group. For a CSI report including sTRP CSI and mTRP CSI, mTRP CSI may reuse sTRP CSI to reduce the content size of mTRP CSI.
We illustrate this feedback reduction using a simple example below. Consider a UE configured to measure and feedback TRP1, TRP2, and TRP3 sTRP CSI and mTRP CSI in a CSI report. The UE could measure and derive sTRP precoders of TRP1, TRP2, and TRP3 separately, and reuse  of the sTRP precoders for mTRP precoder derivation and feedback, as shown below. The CSI report may not include  of mTRP precoders if the UE is configured by RRC or MAC CE for this feedback reduction (Fig. 13)
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Figure 13: Example of sharing SD information to reduce CSI feedback overhead
Another potential direction for CSI feedback reduction could be the case where the network may configure a UE to reuse the entire precoder of sTRP CSI and feedback additional precoder information for mTRP CSI in the CSI report. The additional precoder information could include cyclic phase delay (CDD) parameters or an index of a matrix to apply phase shifts on each layer or combine multiple layers. An example is given below, wherein the UE derives the mTRP precoder  in frequency subband  using the individual sTRP precoders  as

where  and  could be identity matrices or other CDD matrices of appropriate dimensions (such as in 3GPP TS 36.211 subsection 6.3.4.2.2)
Proposal 17: For dynamic switching between mTRP and sTRP hypothesis, investigate methods to reuse sTRP hypothesis for mTRP hypothesis.
3.4. Evaluation methodology and simulation assumptions
In this section, we present our views on the evaluation methodology and key assumptions for system level simulations to aid further discussion.
· Network Topology
While urban macro deployments would benefit from the potential coverage and spectral efficiency improvements brought about by multi TRP coherent joint transmissions, indoor deployments seem more feasible for multi-TRP deployment, coordination and scheduling via ideal backhauling. One possible scenario would be to consider micro- or pico-cell deployments, with multiple such cells jointly coordinating the transmission. Another possible deployment would be to have additional TRPs at fixed locations within the cell sector of urban macro scenario, as some companies reported in Rel-18 workshop [2]. If such a new scenario is discussed, RAN1 should further discuss parameter values like TRP locations, inter-TRP distance etc. 
· Channel delay consideration for CJT
The channel delay generation procedure in TR 38.901 normalizes the delay by subtracting the minimum delay, i.e., , so that the first delay path for each UE-TRP link would be zero (see Fig. 14). This channel delay procedure is suitable for the single TRP transmission. However for CJT case, if the TRPs are geographically separated, the synchronization FFT window can only align with the nearest TRP. In this case, the relative channel delays  of different TRPs should be considered in the evaluation methodology. For example, if the synchronization window of UE1 is aligned with TRP1, the relative delay of TRP2 can be calculated according to the 3D distance difference TRP1 and TRP2, i.e., , where is the 3D distance for UE1-TRP link and c is the speed of light.
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                                                        (a)                                                              (b)
Figure 14: (a) Delay generation procedure in TR 38.901; (b) Modified delay generation for CJT case
· Total number of antenna ports across coordinating TRPs
The work item description for Rel-18 enhancement mandates that the maximum number of CSI-RS ports per resource be 32. As explained earlier, there could potentially be more than one CSI-RS resource for the UE to measure the multi-TRP channel and construct the mTRP CJT precoder and CSI report. Considering up to 4 CSI-RS resources (one for each coordinating TRP) and 32 ports per resource (i.e. 32 Tx antenna ports per coordinating TRP), it may require the UE to process a 128 port CSI-RS to construct the CJT precoder, which could be a challenge. From the perspective of exploiting macro diversity to improve coverage and throughput, we believe that lower total number of CSI-RS ports across coordinating TRPs are sufficient. 
· Antenna configuration at TRPs and UE
Antenna configuration at TRPs is related to the previous discussion, where the tuple  is specified for each TRP. 8/16/32 tx antenna ports per TRP would be a good starting point. As for the UE antenna configuration, it is reasonable to assume 4 Rx antenna ports to exploit the diverse spatial paths from up to 4 TRPs.
· Output power per TRP
As discussed earlier, possible network topologies for mTRP CJT include indoor hotspot, urban micro or pico-cell, or additional TRPs in fixed locations in urban macro deployments. In all these scenarios, the inter-TRP distance is reduced compared to legacy single TRP deployments. If the output power of each TRP is retained the same as that in single TRP macro deployments, there would be significant inter-cell interference. Therefore, the output power per TRP should be reduced in mTRP deployments. Considering an output power of X dBm (e.g 44 dBm) for single TRP deployments, the output power per TRP for mTRP deployment could be X-Y dBm, where the value of Y could be further discussed (one candidate value could be Y=6 dB, considering 4 TRPs and maintaining the same total power for sTRP and mTRP CJT).
· Cell (TRP) selection
This is relevant to the discussion of whether we would support inter-cell mTRP or intra-cell mTRP. In an inter-cell mTRP deployment supporting CJT, a UE is free to select any number X (=1,2,3,4) of TRPs as serving TRPs. From a practical deployment viewpoint, it would be difficult for these selected TRPs to dynamically coordinate their higher layers to serve the UE coherently. This would be possible only if all TRPs in the network are connected to a single central unit via a high performing backhaul. While this is the direction mTRP CJT would eventually take, we believe that Rel-18 should first lay the foundation by supporting intra-cell mTRP only.
Within the intra-cell mTRP framework, we think that a good starting point would be to have a single TRP among the 4 TRPs act as the “master/primary” TRP on which cell selection occurs. It means that the other three TRPs within the cell are implicitly assumed as serving TRPs. These additional TRPs act as remote radio heads which provide PHY capability to coherently serve a UE.
· Frequency Range
Lower frequencies in FDD bands are usually not able to enjoy the MIMO gains from high Tx port numbers due to antenna spacing constraints. Therefore, investigating mTRP CJT in sub-2 GHz FDD bands can be a reasonable starting point. 
· MIMO scheme
To investigate the coverage and throughput enhancements brought by mTRP macro diversity, it seems reasonable to consider SU-MIMO with rank adaptation up to rank 4. Within the scope of intra-cell mTRP, companies could further investigate SU/MU-MIMO adaptation.
· Traffic load
As explained earlier, potential deployment scenarios for mTRP consider low inter site distances due to which intercell interference could be high. Therefore, traffic load with 20 % resource utilization (RU) for SU-MIMO and up to 50 % RU for SU/MU-MIMO adaptation is a reasonable assumption to investigate the impact of mTRP diversity gain.
· UE distribution
For investigating the potential gains of mTRP CJT, low mobility users (e.g., 3km/h) are a reasonable assumption. 
· CSI hypothesis
For the purpose of simulation, we prefer that the UE always reports a 4 TRP hypothesis. Dynamically switching between a single TRP, X- TRP, and 4 TRP hypothesis would complicate simulation, requiring the computation of several combinations of CSI hypotheses. However, RAN1 could investigate TRP switching at codebook level and develop the necessary signaling techniques to support dynamic sTRP/mTRP hypothesis, as explained in the previous subsection.
In summary, the following simulation assumptions could be considered for further discussion.

Table 2: Simulation assumptions for mTRP CJT
	Parameter
	Value

	Duplex, Waveform 
	FDD, OFDM 

	Multiple access 
	OFDMA 

	Scenario
	Alt 1: Dense urban macro with additional TRPs
Alt 2: Urban micro- or pico-cell deployment
Alt 3: Indoor Hotspot 

	Frequency Range
	2 GHz

	Channel model
	Based on TR 38.901

	Cell association/ mTRP scenario
	Intra-cell mTRP only 

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

	Antenna setup and port layouts at UE
	4RX: (1,2,2,1,1,1,2)

	BS Tx power 
	Alt 1: X dBm for sTRP and mTRP
Alt 2: X dBm for sTRP and X-Y dBm for mTRP
FFS values of X and Y

	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 
	20 MHz 

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

	MIMO scheme
	Alt 1: SU-MIMO with rank adaptation up to rank 4
Alt 2: Intra-cell mTRP with SU/MU-MIMO adaptation with up to rank 2

	CSI feedback 
	CSI feedback periodicity:  5 ms 
Scheduling delay: 4 ms

	Traffic load (Resource utilization)
	20% for SU-MIMO
50% for SU/MU-MIMO

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

	UE receiver
	MMSE-IRC 

	Baseline for performance evaluation
	sTRP scheme with Rel-16 eType II codebook 



Proposal 18: Study the assumptions in Table 2 for system level simulation of Rel-18 codebook enhancement for mTRP CJT.
Proposal 19: For geographically separated mTRP CJT, the relative channel delays  of different TRPs should be considered in the evaluation methodology.
3.5. Preliminary simulation results
In this section, we provide preliminary simulation results to evaluate the effectiveness of geographically separated multi-TRP deployment against conventional single TRP deployment considering the proposed codebook structure. We consider simplistic simulation assumptions for this purpose. An indoor scenario with 6 TRPs and 40 m ISD is considered as the baseline sTRP deployment. For mTRP deployment, 12 TRPs with 20 m ISD are considered, in which 2 adjacent TRPs coordinate to serve a UE. This is shown in Fig. 15.
[image: ]
Figure 15: Network deployment scenarios
We assume that the UEs are served in a TDM manner, i.e., only one UE is served in one slot. Full buffer traffic is assumed. The UEs have 4 Rx antenna ports, which enables the TRPs to serve the UEs in SU-MIMO mode with adaptation up to rank 4. At the TRPs, we evaluate the result for 16 and 8 Tx ports per TRP. For sTRP case, we consider Rel-16 eType II codebook. For mTRP case, we consider four different codebooks – Rel-15 Type I multi-panel codebook, Rel-16 eType II codebook, the potential Rel-18 Type II codebook discussed earlier, and the ideal SVD precoder. For Rel-16 eType II precoder for mTRP, the antenna ports are treated as if from a single TRP. The performance results are shown in Fig. 16.

Figure 16: Preliminary simulation results for mTRP CJT
The results show that firstly, with ideal SVD precoder, geographically separated mTRP deployment can yield spectral efficiency (SE) improvements of up to 30 % compared with sTRP. Secondly, to achieve the performance of the ideal SVD precoder, it is necessary the enhance the existing Type II codebook. The existing Type I multi-panel codebook suffers from the limitation of having to use the same SD beam across geographically distributed multi-TRP and co-phasing them. With the eType II codebook, different TRPs are expected to form the same set of beams, which is infeasible since the UE position is different with respect to different TRPs. These limitations are removed in the proposed Rel-18 Type II codebook, and it can achieve up to 15 % SE gain compared to sTRP.

4. Conclusion
In summary, based on the above discussion we have the following observations and proposals:
Proposal 1: For CSI enhancement of high/medium UE velocities, study what to report in one single CSI report so that gNB can acquire/infer CSI for a future time, assuming that timeRestrictionForChannelMeasurements in CSI-ReportConfig is set to "notConfigured”.
Observation 1: CSI enhancement exploiting time-domain correlation needs to tackle CSI extrapolation (prediction).
Proposal 2: For CSI enhancement for high/medium UE velocities, study the following alternatives:
· Alt. 1: UE reports predicted future CSI.
· Alt. 2: UE reports measured past CSI.
· Alt. 3: UE reports measured channels with compression.

Observation 2: Singular vectors do not vary smoothly in time, even with phase adjustment. 
Observation 3: When the channel is LOS, the rank, , and  can be the same for 40 ms with acceptable performance, for both the RMa scenario with UE speed 60 km/hr and the UMa scenario with UE speed 30 km/hr.
Observation 4: For the case of RMa 60 km/hr and NLOS, the rank, , and  can be the same for 40 ms with acceptable performance.
Observation 5: For the case of UMa 30 km/hr and NLOS, at least the rank and  can be the same for 40 ms with acceptable performance.
Proposal 3: For the Rel-16/17 Type-II codebook refinement, focus on the case where a CSI report includes single RI, single , and single .
Proposal 4: For the Rel-16/17 Type-II codebook refinement, DFT basis vectors are applied for compressing the linear combination coefficients {}.
Proposal 5: For the Rel-16/17 Type-II codebook refinement exploiting time-domain correlation, introduce a configurable application time unit consisting one or multiple of slots.
Proposal 6: For the evaluation of CSI enhancement of high/medium UE velocities, consider the following scenarios:
1) Rural with UE speed 60 km/hr.
2) Dense urban (macro only) with UE speed 30 km/hr.
Proposal 7: RAN1 discusses whether the spatial consistency procedure is applied for system-level simulations. 
Proposal 8: For Rel-18 CSI enhancement considering mTRP CJT, a CSI-RS resource set consists of one or more CSI-RS resource groups, with each resource group consisting of one or more CSI-RS resources.
Proposal 9: For Rel-18 CSI enhancement considering mTRP CJT, CSI-RS resources within the same resource group means that the CSI-RS is transmitted from the same TRP, panel, or location. The UE could assume that the CSI-RS resources are transmitted under the same Quasi Co Location (QCL) assumption.
Proposal 10: Consider Rel-16 eType II based enhancement as a starting point for Rel-18 codebook considering mTRP CJT.
Proposal 11: For Rel-18 codebook considering mTRP CJT, the spatial domain (SD) information is captured in the block diagonal matrix , in which the SD basis vectors of each serving TRP are placed in the main diagonal
Proposal 12: For Rel-18 codebook considering mTRP CJT, two or more TRPs can use the same SD basis vectors if they are co-located
Proposal 13: For Rel-18 codebook considering mTRP CJT, consider Rel-16 coefficient quantization for  as the baseline.
Proposal 14: For Rel-18 codebook considering mTRP CJT, investigate TRP specific reference amplitude and differential amplitude
Proposal 15: For Rel-18 codebook considering mTRP CJT, investigate TRP specific basis vectors for FD compression in , while considering TRP common basis vectors as baseline.
Proposal 16: For dynamic TRP selection in Rel-18 codebook considering mTRP CJT, investigate TRP selection by higher layer downlink signaling and TRP selection by UE feedback.
Proposal 17: For dynamic switching between mTRP and sTRP hypothesis, investigate methods to reuse sTRP hypothesis for mTRP hypothesis.
Proposal 18: Study the assumptions in Table 2 for system level simulation of Rel-18 codebook enhancement for mTRP CJT.
Proposal 19: For geographically separated mTRP CJT, the relative channel delays  of different TRPs should be considered in the evaluation methodology.
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