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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. The objectives for DL CSI enhancement include 
· 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
· Note: the maximum number of CSI-RS ports per resource remains the same as in Rel-17, i.e. 32
In the RAN1#109e meeting, the EVM and the detailed work scope were agreed. In this technical document, we share our study results and views.
2. CSI enhancement for high/medium UE velocities
In this RAN1 meeting, for CSI enhancement for high/medium UE velocities, our focus is on CSI prediction and CSI-RS configuration. For the simulations shown in this section, the CSI compression is performed only in the spatial domain and in the frequency domain. More specifically, the R16 eType II codebook is applied for each CSI separately with paramCombination-r16 = 6. We calculate one single tuple of (, , RI, CQI) for the entire CSI reporting window. The throughput gain is compared with the case of conventional CSI calculation with CSI-RS periodicity 5 slots and CSI scheduling delay 4 slots under the same maximum UE speed. The detailed simulation assumptions can be found in Appendix I. The baseline performance under different speeds is provided in Table 1, where each high/medium speed case achieves RU 70%. 
Table 1: Baseline performance under different speeds
	Scenario
	UMa
	RMa 

	Speed
	30 km/h
	3 km/h
	60 km/h
	3 km/h

	Average UPT
(bits/sec/Hz)
	4.34
(64.9%)
	6.69
(100%)
	5.29
(72.6%)
	7.29
(100%)

	Speed
	60 km/h
	3 km/h
	120 km/h
	3 km/h

	Average UPT
(bits/sec/Hz)
	4.09
(58.6%)
	6.98
(100%)
	5.17
(69.7%)
	7.42
(100%)


2.1. CSI measurement/reporting window
In the RAN1#109e meeting, we have the following agreements about the timing relation between CSI reporting and CSI measurement:
	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.



The different alternatives for CSI reporting window are illustrated in Figure 1. For Alt1.A, Alt2.A, and Alt3.A, the CSI reported by UE are calculated on CSI measurements directly, so gNB needs to perform CSI prediction by itself. For convenience of discussion, we categorize Alt1.A, Alt2.A, and Alt3.A as gNB-based prediction. Next, for Alt1.B, Alt2.B, and Alt3.B, UE needs to perform CSI prediction and then report the predicted CSI to gNB. For convenience of discussion, we categorize Alt1.B, Alt2.B, and Alt3.B as UE-based prediction. Finally, Alt1.C, Alt2.C, and Alt3.C require CSI prediction at the UE side and it gives freedom to gNB to decide whether/how to use UE’s predicted CSI. For convenience of discussion, we categorize Alt1.C, Alt2.C, and Alt3.C as “two-side scheme”. 
At a first glance, the two-side scheme is very flexible as gNB seems to get the most information, compared with gNB-based prediction and UE-based prediction. However, the two-side scheme have two drawbacks: Increased feedback overhead and increased UE’s implementation complexity. Under a fair comparison, the increased feedback overhead for the two-side scheme can be used to improve the accuracy of either UE-based prediction or gNB-based prediction. UE’s implementation complexity increases as all PMIs before and after the CSI reporting slot need to be calculated. Finally, we fail to identify how the two-side scheme can outperform the best of UE-based prediction and gNB-based prediction. To summarize, we do not support Alt1.C, Alt2.C, and Alt3.C.
Our CSI prediction is based on linear prediction:

Here  is the predicted value,  are observed values, and  are predictor coefficients. The sequence to be predicted can be the channel response , or the precoder  which is intended for . For UE-based prediction, both predicting  and  are feasible. As for gNB-based prediction, only predicting compressed  is feasible in the current NR. Following the agreed EVM, we tested the following two schemes for UE-based prediction: 


Figure 1: Alternatives of CSI reporting window

Scheme 1: predict  and calculate 
Scheme 2: calculate  and predict 
As we cannot observe positive throughput gain from Scheme 2, so the results are not shown here. Table 2 shows the throughput gain by applying Scheme 1. For , one CSI is reported and applied by gNB for 5 slots. For , two CSI are reported, each of which is applied for 5 slots, in total 10 slots. The UMa scenario is more sensitive to CSI accuracy due to richer multi-path effect, so the throughput gain is lower than the RMa scenario. Also, we observe that the throughput gains drop quickly when the CSI reporting window is increased to 10 slots. When restricted on linear prediction, channel prediction, and thus UE-based prediction, seems to be the only feasible solution. For UE-based prediction, the CSI before the CSI reporting slot cannot be used directly by gNB, so there is no clear advantage from Alt.1B and Alt3.B. Therefore, we propose to support Alt2.B.
Table 2: Throughput gain achievable by UE-based CSI prediction
	CSI-RS periodicity 5 slots, #CSI-RS = 10

	
	UMa 
30 km/h
	UMa 
60 km/h
	RMa 
60 km/h
	RMa 
120 km/h

	
	6.4%
	-2.7%
	10.6%
	8.6%

	
	-0.2%
	-6.0%
	6.2%
	3.4%



Proposal 1: On the CSI reporting and measurement for the Type-II codebook refinement for high/medium velocities, Alt2.B is supported.
Solely from the perspective of UE’s implementation, it is desirable that the prediction can be performed at the gNB side. Thus, even if we could not identify a scheme to make gNB-based prediction work, we are open to specify a CSI reporting window for gNB-based prediction. On the one hand, the specification effort will be small if we follow the same design as UE-based prediction. On the other hand, gNB may perform AI/ML CSI prediction to overcome the prediction loss due to non-linear processing (e.g., SVD), compression, quantization, etc. Given that gNB performs CSI prediction, it is not preferable that UE needs to perform additional extrapolation. Thus, if gNB-based prediction is to be supported, only Alt3.A is reasonable.
Proposal 2: On the CSI reporting and measurement for the Type-II codebook refinement for high/medium velocities, if gNB-based prediction is to be supported, then Alt3.A should be adopted and follows the same codebook design as Alt2.B.
For UE-based prediction, the R15 definition of CSI reference resource in time domain is only suitable for CSI measurement. Thus, a new CSI reference resource should be specified for CSI reporting, which indicates the first slot of CSI reporting window. Similar to the R15 CSI reference resource, the UL CSI reporting slot  can be used as a reference to determine the newly defined CSI reference resource for CSI reporting. Specifically, the new CSI reference resource can be in slot , where  is RRC configurable.
Proposal 3: For UE-based prediction, introduce a new CSI reference resource in time domain for CSI reporting. If the CSI is reported in slot , then the CSI reference resource is in slot , where  is RRC configurable.
Now we discuss the necessity of CSI measurement window for periodic/semi-persistent CSI-RS. For UE-based prediction, UE can determine by its implementation how many CSI-RS transmission occasions are used. As for gNB-based prediction, the CSI measurement window can be fully overlapped with the CSI reporting window and thus can be inferred from the configuration of the CSI reporting window. Therefore, as CSI-RS periodicity can already be configured in NR, the CSI measurement window does not need to be specified for periodic/semi-persistent CSI-RS. 
Proposal 4: CSI measurement window is not specified for periodic/semi-persistent CSI-RS.
As for aperiodic CSI-RS, the current NR does not support aperiodic triggering of multiple CSI-RS transmission occasions for channel measurement such that the multiple transmission occasions are associated with the same measurement hypothesis. As UE needs to know the association between CSI-RS transmission occasions and the CSI report, some enhancement for aperiodic CSI-RS resource setting is needed. 
2.2. On refinement of CSI-RS resource setting
In the RAN1#109e meeting, we have the following agreements about enhancement of CSI-RS configuration:
	Agreement
On potential refinement of Resource setting configuration associated with Type-II codebook refinement for high/medium velocities, study the following options to assess whether/how the legacy Resource setting configuration needs to be enhanced for “burst” measurement:
· Periodic (P) CSI-RS: periodicity and offset
· Semi-persistent (SP) CSI-RS: activation/deactivation, periodicity, and offset
· Aperiodic (AP) CSI-RS: triggering, offset of a group of AP CSI-RS resources   
FFS: Support for K>1 NZP CSI-RS resources association with Type-II codebook refinement for high/medium velocities
FFS: Whether specification support for jointly utilizing two types of CSI-RS time-domain behaviors is needed



Introduction of CSI-RS burst is a double-edged sword. On the one hand, CSI-RS burst allows to observe higher Doppler shifts. In other words, finer channel variation can be detected and thus we can have a better precoder granularity in time. On the other hand, a mere burst sacrifices the resolution in Doppler domain as the size of measurement window is reduced.
When the CSI measurement window is larger than or equal to the CSI reporting window, the CSI-RS overhead is solely determined by the CSI-RS periodicity. Thus, if we decrease the CSI-RS periodicity but intend to maintain the same CSI-RS overhead, then the CSI reporting window needs to be larger than the CSI measurement window. For example, if the CSI-RS periodicity is reduced from  slots to  slot(s), the CSI reporting window needs to be  times wider than the CSI measurement window so that the CSI-RS overhead remains the same. An illustration for  is given in Figure 2.


Figure 2: Illustration of CSI-RS burst

Now we compare the achievable throughput gains for the following cases:
Case 1: CSI-RS periodicity reduction
Case 2: CSI-RS burst with reduced CSI-RS periodicity
Denote by  the CSI-RS periodicity in slot. For case 1, we set  and . For Case 2, we check the case where  and . The throughput gains are shown in Table 3. 


Table 3: Performance comparison of CSI measurement and reporting configurations
	
	, 
	, 

	CSI-RS periodicity
(slot)
	1
	2
	3
	4
	5
	1
	2
	3
	4

	UMa 30 km/h
	-4.4%
	11.2%
	16.7%
	14.0%
	6.4%
	-4.9%
	-5.9%
	-8.8%
	-14.9%

	UMa 60 km/h
	-0.6%
	11.5%
	10.8%
	3.7%
	-2.7%
	-10.8%
	-11.7%
	-12.2%
	-13.2%

	RMa 60 km/h
	-3.9%
	12.4%
	19.6%
	15.0%
	10.6%
	1.1%
	-0.4%
	-0.1%
	-4.9%

	RMa 120 km/h
	-5.0%
	7.7%
	16.1%
	11.2%
	8.6%
	-3.8%
	-5.5%
	-6.0%
	-9.4%



For , the CSI prediction performance can be greatly improved by reducing the CSI-RS periodicity. However, in the meantime the CSI-RS overhead also increases and thus the best throughput gain is attained roughly at . As for , the CSI prediction performance drops significantly. It implies that even if  can reduce the CSI-RS overhead, the CSI prediction performance will be too bad to be beneficial.
Observation 1: With a good balance between CSI-RS overhead and prediction performance, reducing CSI-RS periodicity and CSI feedback period can provide a higher throughput gain.
Observation 2: Linear prediction does not perform well under CSI-RS burst measurement.
Our analysis shows that for periodic or semi-persistent CSI-RS, a “burst” measurement is not beneficial. On the other hand, aperiodic CSI-RS naturally requires a burst measurement as multiple CSI-RS transmission occasions are needed to perform CSI prediction.
Proposal 5: Consider only aperiodic CSI-RS for refinement of CSI-RS resource setting configuration associated with Type-II codebook refinement for high/medium velocities.
One motivation to introduce CSI-RS burst is to increase the resolution in time domain so that different slots can have a distinct precoder to match the corresponding channel. We observe that besides reducing CSI-RS periodicity and CSI feedback period, an alternative is to perform CSI interpolation, e.g.,  , as illustrated in Figure 3. 


Figure 3: CSI prediction and interpolation
Table 4 shows the throughput gain with CSI interpolation, where the channels are first predicted and interpolated and then the precoders are calculated, as illustrated in Figure 3. Except for the case of UMa 60 km/h, CSI interpolation can improve the performance to the level that decreasing CSI-RS periodicity and feedback period cannot provide significant gain.
Table 4: Throughput gain with CSI interpolation
	
	, 

	CSI-RS periodicity
(slot)
	2
	3
	4
	5

	UMa 30 km/h
	12.3%
	16.2%
	17.0%
	17.2%

	UMa 60 km/h
	20.0%
	16.1%
	3.4%
	-2.1%

	RMa 60 km/h
	15.0%
	19.6%
	17.0%
	13.3%

	RMa 120 km/h
	16.1%
	12.1%
	12.6%
	13.3%



Observation 3: For Type-II codebook refinement for high/medium velocities, CSI interpolation can be a good alternative to reduction of CSI-RS periodicity and CSI feedback period.
Observation 4: For UMa 60 km/h, it is beneficial to support lower CSI-RS periodicity and CSI feedback period.
Reporting CSI for each slot incurs large feedback overhead. However, if we exploit the time-domain correlation, then the CSI can be efficiently compressed. Alternatively, using a time unit between 1 and CSI-RS periodicity can also reduce feedback overhead.
In the RAN1#109e meeting, we have the following agreements on codebook structure: 
	Agreement
On the Type-II codebook refinement for high/medium velocities, for codebook structures with TD or DD basis (Alt1 or Alt2 from codebook structure agreement), the codebook(s) include at least the following additional codebook parameters:
· Doppler-/time-domain (DD/TD) basis vector length
· Parameters for DD/TD basis vector selection, including 
· The number of DD/TD basis vectors 
· If applicable, Basis selection indicator(s)
· FFS: restrictions on the basis vector selection
· If applicable, the total number of available DD/TD basis vectors (not needed for orthogonal DFT basis set), whether explicitly or implied from another parameter (e.g. oversampling factor)
Agreement
For the Type-II codebook refinement for high/medium velocities, further study the following issues:
· The need for basis type indicator, if both a trivial basis (e.g. identity) and a non-trivial (e.g. DFT) basis are supported, and if so, whether implicit or explicit
· The need for DD/TD (compression) unit (analogous to PMI sub-band for Rel-16 codebook)



Linear prediction can be applied recursively to predict further into the future, but it only works for the case where the predicted values are equally spaced in time. Specifically, if the CSI measurements are performed in Slots  () using equally spaced CSI-RS, then linear prediction can provide predictions in Slots  (). As CSI interpolation is a more advanced feature requiring higher UE complexity, there is a need to introduce a time unit for time-domain compression which can be equal to the CSI-RS periodicity. In this case, .
Proposal 6: For the Type-II codebook refinement for high/medium velocities, a time unit is introduced where UE calculates one single CSI for each time unit. The case where the time unit is equal to the time gap of equally spaced CSI-RSs is supported as baseline.
According to our simulation results, the CSI reporting window has to be relatively small to have a good performance. Then, if the time unit is equal to the CSI-RS periodicity, it means  or  and no further time-domain compression is needed. On the other hand, if CSI interpolation is applied, then we have  or  and time-domain compression is desirable to reduce feedback overhead. As both cases should be supported, we propose to use the value of  to determine which basis is used.
Proposal 7: For the Type-II codebook refinement for high/medium velocities, both the identity basis and a non-trivial (e.g., DFT) basis are supported.
Proposal 8: For the Type-II codebook refinement for high/medium velocities, introduce a fixed threshold  (=2 or 4): If , then the identity basis is applied. If , then the non-trivial basis is applied.
Finally, we remark that if good prediction can be attained only within a limited time, then the complexity of UE-based prediction is not necessarily higher than gNB-based prediction. For example, consider the case where 10 CSI-RS transmission occasions are used to predict one CSI in a future slot. If UE performs channel prediction, then UE only needs to calculate and compress the precoders for a slot. However, for gNB-based prediction, UE needs to calculate and compress the precoders for 10 slots. 
Observation 5: If good prediction can be attained only within a limited time, then the complexity of UE-based prediction is not necessarily higher than gNB-based prediction.
2.3. Time-domain channel properties (TDCP)
To facilitate discussion, some agreements related to TRS-based TDCP reporting in the RAN1#109e meeting is copied below:
	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 TDCP parameters, all alternatives except for Alt5 are can be considered as explicit feedback. Explicit feedback has the issue that gNB may not configure a CSI-RS resource setting or CSI reporting setting that is preferred by UE as explicit feedback does not consider UE’s implementation. Instead, Alt5 gives UE the freedom to provide the preferred configuration based on its CSI measurement. Next, we note that the Doppler information received by gNB must be quantized, and thus it may affect gNB’s decision accuracy on CSI-related configuration. Based on the above analysis, we support Alt5.
Proposal 9: For TRS-based TDCP reporting, at least Alt5 is supported, i.e., CSI-RS resource and/or CSI reporting setting configuration assistance.
As for reporting format, we fail to figure out how to use the power-delay profile of a single-port measurement to aid gNB-side CSI prediction. In addition, TDCP reporting is supposed to be less frequent than the conventional CSI reporting, so it is more flexible to have a stand-alone TDCP report.
Proposal 10: For TRS-based TDCP reporting, TDCP is reported in a stand-alone report.
Since TRS measurement is performed at the UE side, UE can better detect any change in the Doppler domain. Most likely these changes do not follow a certain pattern, so periodic or semi-persistent reporting can result in either redundant reporting or delayed reporting. By contrast, event-triggered reporting can efficiently resolve this issue. Therefore, we propose to support event-triggered reporting. If UE reports assistance information on CSI-RS resource setting or CSI reporting setting, then UE-initiated reporting can also be supported. The signaling design can just follow the event-triggered reporting, where some predefined rules are specified to limit UE’s behavior. The design of power headroom reporting can be a starting point.
Proposal 11: For TRS-based TDCP reporting, event-triggered (UE-initiated) reporting is supported.

3. CSI enhancement for coherent JT
In RAN1 #109-e, the following agreements were made for Rel-18 CSI enhancements for Coherent-JT [2]
	Agreement
1. The work scope of Type-II codebook refinement for CJT mTRP includes refinement of the following codebooks:
· Rel-16 eType-II regular codebook
· Rel-17 FeType-II port selection (PS) codebook
FFS: Whether to prioritize/down-select from the two

2. 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}

3. 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

4. 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):



5. 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

6. 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

7. 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

8. 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

9. 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”



In this section, we continue the discussion on Type II codebook enhancement and CSI enhancements required to facilitate multi-TRP CSI acquisition.
3.1. Type II Codebook Enhancement for Coherent JT
To leverage the spatial diversity offered by multi-TRP coherent joint transmission, a high resolution, high layer precoder is needed for single user and multi-user MIMO operations. A Type II codebook meets these requirements. In particular, the Rel-16 eType II based codebook is needed for supporting up to rank 4 with a reduced feedback overhead. Rel-16 eType II codebook development for single TRP transmission is now mature and beginning to be deployed in field.
In Rel-17, the eType II codebook was enhanced for further feedback reduction by exploiting channel reciprocity in angle and delay domain. However, it is to be noted that Rel-17 enhancement was undertaken after considerable study of UL-DL channel reciprocity via field measurements and literature studies. Multi-TRP coherent joint transmission is still under infancy and there exist little to no studies on the reciprocity of the multi-TRP channel. Such a preliminary study becomes more important due to the propagation delay difference, and the ability to maintain synchronization with time among TRPs. These aspects affect channel reciprocity in delay domain.
For these reasons, we think that Rel-18 Type II codebook enhancement should be based on Rel-16 eType II codebook. Once the details of the regular (non-port selection) codebook are mature, a port selection version based on channel reciprocity would be a relatively straightforward extension.
Proposal 12: Refinement of Rel-16 eType II codebook is prioritized for Rel-18 Type II codebook enhancement.
3.1.1 Codebook enhancements based on Rel-16 eType II
In RAN1 #109-e, three codebook structures based on Rel-16 eType II structure were agreed for downselection or merging:
· Alt 1A combines per TRP eType II precoders with co-amplitude and co-phasing coefficients to obtain the mTRP precoder
· Alt 1B is similar to Alt 1A with the exception that it uses joint spatial domain (SD) and frequency domain (FD) bases
· Alt 2 uses per TRP SD bases and utilizes joint FD bases and linear combination coefficients to combine the SD and FD bases
Of these codebook structures, Alt 1A and Alt 2 could potentially retain legacy SD, FD bases design and most other components of Rel-16 eType II. Alt 1B would require considerable effort for the design and parameterization of joint SD-FD bases. Such a design does not exist for single TRP, and therefore would require the design from scratch. Further, during the development of Rel-17 codebook, it was seen that the joint SD-FD DFT basis could be obtained from the legacy (separate) DFT SD and FD bases as

Considering a similar approach, the performance and overhead of Alt 1A and 1B would be the same. In our opinion, the structure Alt 1B is better suited for port selection codebook, wherein the joint SD-FD bases are up to gNB implementation, and UE is only required to select the appropriate ports (SD-FD pairs) and combine them using linear combination coefficients. As explained earlier, the port selection codebook should be deprioritized at this point.
Due to the above-mentioned reasons, we think that codebook structure Alt 1B should be deprioritized.
Observation 6: Codebook structure Alt 1B requires considerable effort for the design and parameterization of joint SD-FD bases.
Observation 7: When the joint SD-FD bases are derived from legacy (separate) SD-FD DFT bases, the performance and overhead of codebook structures Alt 1A and Alt 1B would be similar.
Proposal 13: Codebook structure Alt 1B is deprioritized for Rel-18 Type II codebook enhancement.
3.1.2 Performance evaluation of codebook structures
We now evaluate and compare the performance of codebook structures Alt 1A and Alt 2.
The mTRP precoder for Alt 1A is formulated as

[bookmark: _Hlk110513382]For the purpose of simulation, we consider that  consists of  spatial domain DFT beams corresponding to TRP ;  consists of  frequency domain DFT beams corresponding to TRP ; and  is the  linear combination coefficient matrix consisting of  non-zero coefficients (NZC), and  is the number of PMI subbands. The parameter combination triplet per TRP is given by . For co-phasing, we consider the 16-PSK alphabet, i.e.,  for each TRP , and 16 values equally spaced in the range  are chosen as the co-amplitude scaling for each TRP . This means that 4 bits are needed each for co-phasing and co-amplitude scaling. Further, from the formulation of the codebook, the co-scaling coefficients are allowed to be wideband / subband / layer specific. In the following simulation results, we show the performance of layer-common wideband and subband co-phasing with wideband co-amplitude only.
For comparing codebook structures, it is important to compare the feedback overhead. We illustrate the feedback overhead calculation for Alt 1A codebook structures below:
For wideband co-amplitude and wideband co-phase:

For wideband co-amplitude and subband co-phase:

The components in blue colour constitute the feedback components of legacy per TRP Rel-16 eType II precoders, with the superscript  denoting the TRP index, and  denoting the number of NZC in TRP . However, for the sake of simplicity, we assume the same  for all TRPs, as explained earlier. The components in red colour constitute the additional bits for co-phasing and co-amplitude scaling per TRP (assuming 4 bits each).
The mTRP precoder for Alt 2 is formulated as

For this structure, we assume that each  consists of  spatial domain DFT beams corresponding to TRP , similar to Alt 1A;  consists of  frequency domain DFT beams across all TRPs; and  is the  linear combination coefficient matrix consisting of  non-zero coefficients across TRPs. The parameter combination triplet for this structure is given by , with the only difference compared to Alt 1A being that the fraction of FD bases  and fraction of NZC  are across TRPs. The feedback overhead for this structure in the most general form is

In the above expression, the components in blue colour constitute the feedback components of SD bases per TRP, with the superscript  denoting the TRP index, and the components in green colour represent the feedback of joint linear combination coefficients and FD bases. Again, for the sake of simplicity, we let  for all TRPs .
Finally, for evaluating codebook structures, we define a set of parameter combinations (PC) as shown in Table 5. The feedback overhead is calculated based on the following assumptions: 
· Number of coordinating TRPs 
·  Tx ports at each TRP
· Oversampling ratios at each TRP, 
· Number of PMI subbands 
· Rank = 2

Table 5: Parameter combinations for Type II codebook
	PC
	
	
	
	Feedback Overhead

	
	
	
	
	Alt 1A (WB co-phase)
	Alt 1A (SB co-phase)
	Alt 2

	1
	1
	¼
	¼
	152
	248
	114

	2
	1
	¼
	½
	208
	304
	170

	3
	1
	½
	¼
	256
	352
	206

	4
	2
	¼
	½
	356
	452
	320

	5
	2
	¼
	¾
	468
	564
	432

	6
	2
	½
	½
	660
	756
	612

	7
	4
	¼
	¼
	408
	504
	372

	8
	4
	¼
	½
	632
	728
	596



The simulation results in terms of average UPT gain are shown in Fig. 4 and 5 for SU-MIMO and MU-MIMO respectively. The baseline for UPT gain is the single TRP case with 8 Tx ports, and using the Rel-16 eType II codebook with parameter combination 1. The simulation assumptions follow the agreement in [3] and are reproduced in the Appendix II for convenience. Parameter combinations 6 and 8 are not considered for evaluation since they have an overhead in excess of 600 bits and therefore unfavourable for deployment. In addition to codebook structures Alt1A and Alt2, we also show the performance of the ideal subband SVD precoder.


Figure 4: Avg. UPT gain of codebook alternatives for SU-MIMO. Baseline: 8Tx sTRP with Rel-16 eType II PC1.
In the SU-MIMO scenario (Fig. 4), it is seen that Alt 1A codebook structure with WB co-phasing has performance loss compared to single TRP in all PCs. One reason for this could be that WB co-phasing is unable to compensate the propagation delay difference among TRPs. In lower PCs, the low number of SD beams also causes significant inter-layer interference which reduces the chance of higher rank and consequently the throughput. In higher PCs, Alt 1A codebook structure with SB co-phasing improves the performance and yields about 5 % UPT gain compared to single TRP. On the other hand, Alt 2 codebook provides up to 25 % UPT gain and performs within 5~8 % of ideal SVD precoder. The main reason for this is the better coherent combining capability of Alt 2 codebook structure. The Alt 1 structure forces a common rank for all TRPs, while the channel rank for different TRPs could be different depending on the relative position of the UE from the individual TRPs. Since it becomes difficult to combine precoders with different layers via co-scaling coefficients, there is a significant performance loss.

Figure 5: Average UPT gain of codebook alternatives for MU-MIMO. Baseline: 8Tx sTRP with Rel-16 eType II PC1.
In the MU-MIMO scenario (Fig. 5), the low-rank nature of Alt 1A favours multi-user pairing and enables to obtain a performance gain of 20~40 % over 8Tx single TRP in both WB and SB co-phasing cases. However, in Alt 1A codebook structure, the higher parameter combinations (e.g. PC7) show a performance loss. This is due to the fact that all SD beams () are selected in each per TRP 8Tx precoder, which causes multi-user interference.  Alt 2 codebook, while showing a slightly poor performance than Alt 1A in lower parameter combinations, shows a much better performance in the higher parameter combinations.
From the feedback overhead illustrated in Table 5, it is seen that Alt 1A has a higher overhead compared to Alt 2. In particular, Alt 1A with subband phase has significantly higher overhead. Introducing layer-specific subband co-phasing further increases overhead. Alt 2 can avoid such additional overheads by having the linear combination coefficients and the FD bases jointly across all TRPs. To summarize the above discussion, we make the following observations and proposals:
Observation 8: Alt 2 codebook structure shows a significantly better performance-overhead tradeoff compared to codebook Alt 1A.
Observation 9: Alt 1A codebook structure with wideband co-phasing suffers a substantial performance loss compared to that with subband co-phasing.
Observation 10: Alt 1A codebook structure suffers the problem of combining potentially different layer precoders via co-amplitude and co-phasing, which causes performance degradation.
Proposal 14: Alt 2 codebook structure is supported for Rel-18 Type II codebook enhancement.
3.1.3 On SD-FD basis design
In the previous meeting, it was agreed to down select SD-FD bases design among joint or separate eigen bases or DFT bases. At the outset, we think that there is no reason to design, parameterize, and feedback eigen SD-FD bases, and further feedback coefficients to combine them, since with a similar or much lesser overhead, it is possible to directly feedback the right eigen vectors of the mTRP channel matrix, which form the ideal precoder. The right eigen vectors could be quantized in a manner similar to legacy Rel-16 eType II codebook for feedback. 
Observation 11: Feedback of eigen SD-FD bases, and feedback of coefficients to linearly combine them consume a large overhead.
Observation 12: Right eigen vectors of the multi-TRP channel matrix, which form the ideal CJT precoder, could be directly fed back rather than feeding back eigen bases and corresponding linear combination coefficients.
Proposal 15: Eigen SD-FD bases is not supported for Rel-18 Type II codebook enhancement.
Further, as explained in the discussion on codebook structure, the design and parameterization of joint SD-FD bases would require considerable effort, especially since such bases do not exist for conventional single TRPs. Space and frequency being different physical quantities with their individual correlation behaviour, it is more reasonable to retain separate DFT bases for each of them. For this purpose, the legacy SD and FD bases for Rel-16 can be fully reused.
Observation 13: Design and parameterization of joint SD-FD bases requires considerable effort, more so since such bases do not exist for conventional single TRPs.
Proposal 16: Legacy (separate) SD and FD DFT bases are supported for Rel-18 Type II codebook enhancement.
3.2. CSI acquisition – number of TRPs and resource settings
In Rel-15, multi-panel transmission was supported with Type I codebook. The CSI acquisition for multi-panel transmission is accomplished with a single CSI-RS resource with  CSI-RS ports, with  denoting the number of panels, and  and  denoting the number of antenna ports in the horizontal and vertical direction per panel. Since the multiple panels are co-located, it is expected that similar channel conditions are experienced for all the  ports in the CSI-RS resource, which is the reason to have one QCL type per resource.
Two TRP NCJT transmission was supported from Rel-16 onwards, in which the two TRPs are, in general, non-co-located. The CSI acquisition in this case is facilitated by two CSI-RS resources in two CMR groups.
For Rel-18 CJT, as was observed in the last meeting, it is expected that the deployment configurations could be wide – ranging from co-site/co-sector multi-panel, to intra-cell multi-TRP, and inter-cell multi-TRP. It is therefore desired to have a unified CSI framework that takes care of any potential deployment. A single CSI-RS resource with port-grouping across TRPs is not a desirable solution due to the following reasons:
· Port grouping in a single CSI-RS resource lacks backward capability and may impact channel estimation from current CSI implementation (e.g., in terms of pseudo-random sequence generation)
· Due to non-co-located TRPs and therefore different channel conditions, new QCL and TCI state framework maybe needed for port groups in a single CSI-RS resource.
· Inability to share the same CSI-RS resource for a conventional single TRP CSI report, and consequently higher RS overhead for a joint multi-TRP and single TRP report.
Observation 14: For Rel-18 CJT, a single CSI-RS resource with port grouping across coordinating TRPs introduces nontrivial behavior with respect to current CSI implementation and QCL assumptions.
We would therefore like to unify these two frameworks – namely, a single CSI-RS resource for co-located TRPs, and separate CSI-RS resources for non-located TRPs. The co-located TRPs could be defined to form a TRP group, with the corresponding resource setting behaviour retained from co-located multi-panel, and the non-co-located TRPs each are associated with a separate CSI-RS resource with legacy behaviour. 
Further, from codebook perspective, co-located TRPs can possess the same spatial domain bases, along with a simple distance related co-phasing, similar to Rel-15 Type I multi-panel codebook. In Fig. 6, we show an example of a multi-TRP deployment and the corresponding CSI-RS resource setting and codebook parameterization.
Proposal 17: For Rel-18 CJT, co-located TRPs can form a TRP group, and share a single CSI-RS resource, and non-co-located TRPs are each associated with a separate CSI-RS resource.
[image: ]
Figure 6: Multi-TRP deployment and CSI-RS resource setting

3.3. On the number of co-operating TRPs for CJT
In the previous meeting, it was discussed whether to prioritize/support the number of co-operating TRPs in the joint transmission,  over . From our preliminary simulation results, we have observed that four TRPs yield a better coherent power combining gain over two TRPs, especially in high ISD deployments. Even when RSRPs from individual TRPs are low, the combining gain from 4-TRP transmission can yield significant performance gain with respect to single TRP deployments. Further, given the different deployment configurations desired by different companies, we think that from specification perspective, up to four co-operating TRPs should be supported.
Proposal 18: Up to four co-operating TRPs is supported for Rel-18 CJT, i.e., .
However, whether the gain of up to 4-TRP transmission can be achieved would depend on the UE capability of processing the total number of CSI-RS ports across co-operating TRPs. Therefore, in addition to the UE capability of ports per resource, an additional capability on the total number of ports for CJT would be needed.
Proposal 19: UE capability on processing the total number of CSI-RS ports across co-operating TRPs is needed for Rel-18 CJT.

4. Conclusion
In summary, based on the above discussion we have the following observations and proposals:
Observation 1: With a good balance between CSI-RS overhead and prediction performance, reducing CSI-RS periodicity and CSI feedback period can provide a higher throughput gain.
Observation 2: Linear prediction does not perform well under CSI-RS burst measurement.
Observation 3: For Type-II codebook refinement for high/medium velocities, CSI interpolation can be a good alternative to reduction of CSI-RS periodicity and CSI feedback period.
Observation 4: For UMa 60 km/h, it is beneficial to support lower CSI-RS periodicity and CSI feedback period.
Observation 5: If good prediction can be attained only within a limited time, then the complexity of UE-based prediction is not necessarily higher than gNB-based prediction.
Observation 6: Codebook structure Alt 1B requires considerable effort for the design and parameterization of joint SD-FD bases.
Observation 7: When the joint SD-FD bases are derived from legacy (separate) SD-FD DFT bases, the performance and overhead of codebook structures Alt 1A and Alt 1B would be similar.
Observation 8: Alt 2 codebook structure shows a significantly better performance-overhead tradeoff compared to codebook Alt 1A.
Observation 9: Alt 1A codebook structure with wideband co-phasing suffers a substantial performance loss compared to that with subband co-phasing.
Observation 10: Alt 1A codebook structure suffers the problem of combining potentially different layer precoders via co-amplitude and co-phasing, which causes performance degradation.
Observation 11: Feedback of eigen SD-FD bases, and feedback of coefficients to linearly combine them consume a large overhead.
Observation 12: Right eigen vectors of the multi-TRP channel matrix, which form the ideal CJT precoder, could be directly fed back rather than feeding back eigen bases and corresponding colinear combination coefficients.
Observation 13: Design and parameterization of joint SD-FD bases requires considerable effort, more so since such bases do not exist for conventional single TRPs.
Observation 14: For Rel-18 CJT, a single CSI-RS resource with port grouping across coordinating TRPs introduces nontrivial behavior with respect to current CSI implementation and QCL assumptions.
Proposal 1: On the CSI reporting and measurement for the Type-II codebook refinement for high/medium velocities, Alt2.B is supported.
Proposal 2: On the CSI reporting and measurement for the Type-II codebook refinement for high/medium velocities, if gNB-based prediction is to be supported, then Alt3.A should be adopted and follows the same codebook design as Alt2.B.
Proposal 3: For UE-based prediction, introduce a new CSI reference resource in time domain for CSI reporting. If the CSI is reported in slot , then the CSI reference resource is in slot , where  is RRC configurable.
Proposal 4: CSI measurement window is not specified for periodic/semi-persistent CSI-RS.
Proposal 5: Consider only aperiodic CSI-RS for refinement of CSI-RS resource setting configuration associated with Type-II codebook refinement for high/medium velocities.
Proposal 6: For the Type-II codebook refinement for high/medium velocities, a time unit is introduced where UE calculates one single CSI for each time unit. The case where the time unit is equal to the time gap of equally spaced CSI-RSs is supported as baseline.
Proposal 7: For the Type-II codebook refinement for high/medium velocities, both the identity basis and a non-trivial (e.g., DFT) basis are supported.
Proposal 8: For the Type-II codebook refinement for high/medium velocities, introduce a fixed threshold  (=2 or 4): If , then the identity basis is applied. If , then the non-trivial basis is applied.
Proposal 9: For TRS-based TDCP reporting, at least Alt5 is supported, i.e., CSI-RS resource and/or CSI reporting setting configuration assistance.
Proposal 10: For TRS-based TDCP reporting, TDCP is reported in a stand-alone report.
Proposal 11: For TRS-based TDCP reporting, event-triggered (UE-initiated) reporting is supported.
Proposal 12: Refinement of Rel-16 eType II codebook is prioritized for Rel-18 Type II codebook enhancement.
Proposal 13: Codebook structure Alt 1B is deprioritized for Rel-18 Type II codebook enhancement.
Proposal 14: Alt 2 codebook structure is supported for Rel-18 Type II codebook enhancement.
Proposal 15: Eigen SD-FD bases is not supported for Rel-18 Type II codebook enhancement.
Proposal 16: Legacy (separate) SD and FD DFT bases are supported for Rel-18 Type II codebook enhancement.
Proposal 17: For Rel-18 CJT, co-located TRPs can form a TRP group, and share a single CSI-RS resource, and non-co-located TRPs are each associated with a separate CSI-RS resource.
Proposal 18: Up to four co-operating TRPs is supported for Rel-18 CJT, i.e., .
Proposal 19: UE capability on processing the total number of CSI-RS ports across co-operating TRPs is needed for Rel-18 CJT.
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Appendix I
SLS assumptions for CSI enhancement of high/medium UE velocities
	Parameter
	Value

	Scenario
	Urban macro (UMa)
	Rural macro (RMa)

	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

	MIMO scheme
	SU/MU MIMO with rank adaptation

	MIMO layers
	Maximum MU layers 8

	CSI-RS periodicity
	As shown in the tables

	CSI feedback 
	CSI feedback periodicity:  5 slots (baseline)
Scheduling delay: 4 ms (baseline)

	Traffic model
	FTP model 1 with packet size 0.5 Mbytes

	Traffic load (Resource utilization)
	70%

	UE distribution
	100% outdoor (30km/h)
	100% outdoor (60km/h)

	UE receiver
	MMSE-IRC

	Spatial consistency mobility procedure
	Disabled




Appendix II
SLS assumptions for CSI enhancement of coherent JT
	Parameter
	Value

	Duplex, Waveform 
	FDD, OFDM 

	Multiple access 
	OFDMA 

	Scenario
	Outdoor1: Dense urban macro with 4 TRPs as shown
[image: ] 

	Frequency Range
	2 GHz

	Inter-site distance
	200 m 

	Channel model
	Based on TR 38.901.
Difference in propagation delays between UE and NTRP TRPs is taken into account in the composite Channel Impulse Response (CIR)

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

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

	BS Tx power 
	44 dBm

	BS antenna height 
	25 m 

	UE antenna height & gain
	According to TR36.873 

	UE receiver noise figure
	9 dB

	Modulation 
	Up to 256QAM 

	Numerology
	Slot/non-slot 
	14 OFDM symbol slot

	
	SCS 
	15kHz 

	Simulation bandwidth 
	20 MHz 

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

	MIMO scheme
	SU/MU-MIMO adaptation with up to rank 2 

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

	Traffic model
	FTP model 1 with packet size 0.5 Mbytes

	Traffic load (Resource utilization)
	70% for MU-MIMO
20 % for SU-MIMO

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

	UE receiver
	MMSE-IRC 

	Baseline for performance evaluation
	Single TRP Rel-16 eTypeII 



SU-MIMO with rank up to 2, 30 % RU

Alt 1A (WB co-phase)	PC 1	PC 2	PC 3	PC 4	PC 5	PC 7	-12.325162485199481	-11.417626772506228	-13.569131547191782	-9.3346946412415921	-6.6667868886920107	-16.563598126504797	Alt 1A (SB co-phase)	PC 1	PC 2	PC 3	PC 4	PC 5	PC 7	-8.347385657653728	-7.1284892762282119	-7.7419543996950946	5.9534120377410238	5.8871574313420938	0.24023472221259556	Alt 2	PC 1	PC 2	PC 3	PC 4	PC 5	PC 7	6.1448717652206053	8.0119474858092907	7.8516468939254791	24.224140132265926	25.874957458669169	28.741690753095561	Ideal SVD	PC 1	PC 2	PC 3	PC 4	PC 5	PC 7	36.057589233687473	Column1	PC 1	PC 2	PC 3	PC 4	PC 5	PC 7	
 Avg. UPT  gain (%)




MU-MIMO with rank up to 2, 70 % RU

Alt 1A (WB co-phase)	PC 1	PC 2	PC 3	PC 4	PC 5	PC 7	27.881758220480734	28.018255204225628	27.173796446229769	25.694377184018037	27.605110190227112	16.234977336778368	Alt 1A (SB co-phase)	PC 1	PC 2	PC 3	PC 4	PC 5	PC 7	48.885712964797712	50.079792399205125	49.947117471520471	49.833407852334744	52.049746774310201	40.186158671133555	Alt 2	PC 1	PC 2	PC 3	PC 4	PC 5	PC 7	44.889064866256611	48.095850984422661	47.530895062055187	62.672050853870822	63.315062500564665	65.746287345730806	Ideal SVD	PC 1	PC 2	PC 3	PC 4	PC 5	PC 7	92.038814602817709	Column1	PC 1	PC 2	PC 3	PC 4	PC 5	PC 7	
 Avg. UPT gain (%)
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