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1 [bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
In RAN#102 meeting, a new work item for NR MIMO Phase 5 was approved [1]. RAN1#116 meeting had made some progress on CSI enhancements, e.g., the codebook types, antenna port numbers and definitions of inter-TRP time/frequency offset. In this contribution, we provide our further views on the remaining issues for CSI enhancements.

2 Type I codebook refinements
Legacy codebooks 
[bookmark: _Hlk158024440]In FeType II codebook for CJT, as defined in Rel-18, UE can report up to 128-port precoding matrix. gNB can configure up 4 CSI-RS resources to for PMI acquisition. The codebook construction for CJT largely follows the eType II designs in Rel-16. The differences are mainly contributing to that:
· UE can select  CSI-RS resources out of  CSI-RS resources is to enable dynamic TRP selection for joint transmission.
· UE reports SD basis selection independently for each selected CSI-RS resource to allow spatial diversity across distributed TRPs.
Observation 1: FeType II codebook for CJT supports dynamic TRP selection by UE for a CSI report.
Observation 2: In FeType II codebook for CJT, UE reports SD basis selection independently for each selected CSI-RS resource to allow spatial diversity across TRPs.
For Type I single-panel codebook, precoding matrix is generally constructed as follows:




The Type I single-panel codebook adopts two-stage precoding, where the first stage is about SD basis selection in  and the second stage is to capture the phase variations between different antenna polarizations in . Meanwhile, the two antenna polarizations share the same SD basis to enable the same spatial direction.
Observation 3: Type I single-panel codebook adopts two-stage precoding, where the first stage includes the same SD basis for both antenna polarizations and second stage captures the phase variations between different antenna polarizations.
Furthermore, according to the above equation, the SD basis is the Kronecker product of  and . For the mapping from CSI-RS port index and port index for CSI/PMI calculation,  the second dimension (i.e., ) has a higher priority than the first dimension (i.e., ). 
[bookmark: _Hlk163045581]Observation 4: For the mapping from CSI-RS port index and port index for CSI/PMI calculation, the second dimension (i.e., ) has a higher priority than the first dimension (i.e., ). 
Moreover, for Type I multi-panel codebook, gNB should indicate the number of panels  in addition to  and . Therefore, all  panels are placed in one dimension, e.g., in a column or in a row. For Type I multi-panel codebook as cited below, the precoding matrix is divided into sub-matrices, where each sub-matrix corresponds to a precoding matrix for an antenna polarization of a specific panel. Furthermore, unlike FeType II codebook for CJT, all the sub-matrices for Type I multi-panel codebook share the same SD basis across all panels and all antenna polarizations.

Observation 5: For Type I multi-panel codebook, gNB indicates the number of panels  in addition to  and . Therefore, all  panels are placed in one dimension.
Observation 6: For Type I multi-panel codebook, the precoding matrix is divided into  sub-matrices, where each sub-matrix corresponds to a precoding matrix for an antenna polarization of a specific panel and all the sub-matrices share the same SD basis across all panels and all antenna polarizations.

[bookmark: _Hlk158835030]Type I codebook supporting up to 128 ports
RS configuration
	Agreement:
For the Rel-19 Type-I and Type-II codebook refinement for up to 128 CSI-RS ports, regarding NZP CSI-RS resource aggregation to attain 32 < P (or PCSI-RS) ≤ 128, support aggregating at least K=2, 3, or 4 legacy NZP CSI-RS resources with equal number of ports
· FFS (by RAN1#116bis): Mapping from CSI-RS resource index/port index per resource and port index to CSI/PMI calculation, also considering co-existence with pre-Rel-19 UEs 
· FFS (by RAN1#116bis): whether the Rel-18 CJT CMR restrictions (where all resources shall be located within 2 consecutive slots) are reused, or additional restriction(s) are introduced (e.g. PCoffset, CDM type, RS density, TD (co-located in a slot)/FD locations, QCL, …)
· FFS (by RAN1#116bis): Whether legacy resource configuration for interference measurement is reused, or additional restriction(s) are introduced
· FFS: Whether all the K CSI-RS resources are associated with a same CSI-RS resource set or not
· Note: If the supported number of ports does not require aggregation of 3 resources, K=3 can be removed


For the Rel-19 Type-I refinement for up to 128 CSI-RS ports, K=2, 3, or 4 legacy NZP CSI-RS resources with equal number of ports are aggregated. When multiple CSI-RS resources are configured, the mapping from CSI-RS resource index/port index per resource and port index to CSI/PMI calculation may include the following three options:
· Option 1: Follow the mapping mechanism defined for Type II CJT in Rel-18 as cited the in the following table. That is, antenna ports of PMI are firstly ordered per CSI-RS resource as legacy Type I codebook and then increasingly ordered according to the indices of the N selected CSI-RS resources. In this option, SD basis generation is according to a selected CSI-RS resource, which prevents network from generating more granular SD beams by considering all antenna ports. However, if the SD basis can be selected independently per CSI-RS resource as for Type II CJT, it’s possible to avoid spatial non-stability due to a large antenna array.
	· a UE should assume PDSCH signals on antenna ports in the set  for  layers would result in signals equivalent to corresponding symbols transmitted on antenna ports  of each of the  selected CSI-RS resources, as given by
	
where  is the precoding matrix corresponding to the procedure described in Clause 5.2.2.2.8 and 5.2.2.2.9 for codebookType set to 'typeII-CJT-r18' and ' typeII-CJT-PortSelection-r18', respectively, and  are the indices of the  selected CSI-RS resources in increasing order, such that . A UE should assume that the signals , , fully overlap in time and frequency.


· Option 2: Follow the legacy Type I codebook design, i.e., the first part of antenna ports belongs to the same antenna polarization of all CSI-RS resources and the remaining antenna ports are from another antenna polarization of all CSI-RS resources. Therefore, when multiple CSI-RS resources are configured, antenna ports of PMI are firstly ordered per CSI-RS resource of 1st antenna polarization, and then increasingly ordered according to the indices of the N CSI-RS resources of the 1st antenna polarization, and finally followed by antenna ports from 2nd antenna polarization with the similar order as the 1st antenna polarization. In this option, SD basis are generated according to all antenna ports for the same antenna polarization, which can utilize more granular beams compared to Option 1. 
· [bookmark: _Hlk162275158]Option 3: The number of antenna ports in the first dimension (i.e., ) and the number of antenna ports in the second dimension (i.e., ) and are determined according to the antenna/panel layout of the CSI-RS resources. To support Type I codebook supporting up to 128 ports, when multiple CSI-RS resources are configured, each CSI-RS resource may correspond to a panel. However, for Type I multi-panel codebook, all panels are placed in one dimension as discussed in section 2.1. To facilitate network deployment flexibility, the multiple panels can either be deployed as Figure 1a or Figure 1b for Type I codebook supporting up to 128 ports. For Figure 1a, the mapping from CSI-RS resource index/port index per resource and port index to CSI/PMI calculation is analogous to Option 2. For Figure 1b, network may need to configure additional parameters , where  corresponds to the number of panels in first dimension and  corresponds to the number of panels in second dimension. Based on the configurations, for example, UE can generate SD basis according to , where  is the antenna layout of a CSI-RS resource that is common to all CSI-RS resources. For example, as shown in Figure 1b, , , so .
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(a)                                      (b)
Figure 1. Joint transmission from multiple panels
Proposal 1: For Type I codebook supporting up to 128 ports, consider the following options for the mapping from CSI-RS resource index/port index per resource and port index to CSI/PMI calculation:
· [bookmark: _Hlk163046787]Option 1: Follow the mapping mechanism defined for Type II CJT in Rel-18, i.e., antenna ports of PMI are firstly ordered per CSI-RS resource as legacy and then increasingly ordered according to the indices of the N selected CSI-RS resources.
· Option 2: Follow the legacy Type I codebook design, i.e., first part of antenna ports belongs to the same antenna polarization of all CSI-RS resources and the remaining antenna ports are from another antenna polarization of all CSI-RS resources.
· Option 3: The number of antenna ports in the first dimension (i.e., ) and the number of antenna ports in the second dimension (i.e., ) and are determined according to the antenna/panel layout of the CSI-RS resources.
Proposal 2: For Type I codebook supporting up to 128 ports, when multiple CSI-RS resources are configured, network can inform UE about the panel layout associated with the multiple CSI-RS resources, e.g., the number of panels in first dimension and second dimension.
Codebook design (RI<=4)
	Agreement:
For the Rel-19 Type-I codebook refinement for up to 128 CSI-RS ports, at least for RI=1-4, study and decide, by RAN1#116bis, from the following:
· Scheme1 (baseline): Adding new (N1, N2) values for the Rel-15 Type-I single-panel codebook where 2N1N2 (>32) is the total number of CSI-RS ports across aggregated NZP CSI-RS resources
· FFS: Whether to further down-select between mode-1 (L=1) and mode-2 (L=4) 
· FFS: For rank-3/4, follow legacy mechanisms for <16 ports, or for >=16 ports
· Scheme2: Adding new (N1, N2) values where 2N1N2 (>32) is the total number of CSI-RS ports across aggregated NZP CSI-RS resources, and
· W1 structure: 
· For each layer, reuse legacy Rel-16 eType-II SD basis with L=1 to determine the DFT-based SD basis candidates
· FFS: Whether the indication of selected SD basis indices follows Rel-16 eType II or Rel-15 Type I
· For 4≥RI>1, L=1 SD basis vector is independently selected for different layers
· FFS: SD basis selection restriction to reduce SD overhead for RI>4
· W2 structure: Layer-specific inter-polarization M-PSK co-phasing where M is further down-selected from {2, 4, 8, 16} 
· FFS: Common SD vector selection for a pair of layers (reduced total number of bits for SD basis vector selection); layer multiplexing via orthogonal polarization co-phasing for the layer pairs with common SD vector (reduced number of bits for co-phasing indication for the layer pairs with common SD vector).
· FFS: Additional support for L>1
· Scheme2B: Adding new (N1, N2) values where 2N1N2 (>32) is the total number of CSI-RS ports across aggregated NZP CSI-RS resources, and
· W1 structure: 
· For each layer, determine L=1 DFT-based SD basis candidate 
· FFS: Whether the indication of selected SD basis indices follows Rel-16 eType-II or Rel-15 Type-I
·  
· For 4≥RI>1, L=1 SD basis vector is independently selected for different layers
· FFS: Common SD vector selection for a pair of layers (reduced total number of bits for SD basis vector selection), SD basis selection restriction to reduce SD overhead for RI>4
· W2 structure: 
· Option 1: Layer-specific inter-polarization amplitude and phase scaling (single scaling coefficient per polarization) 
· FFS: WB/SB amplitude and phase reporting. 
· Option 2: Layer-specific intra-polarization (two scaling coefficients per polarization) amplitude and phase scaling. 
· FFS: WB/SB amplitude and phase reporting.
· FFS: Rel-15 3-bit WB amplitude and M-PSK co-phasing and M is further down-selected from {2, 4, 8, 16}.
· Scheme3: Adding new (N1, N2) values where 2N1N2 (>32) is the total number of CSI-RS ports across aggregated NZP CSI-RS resources, and
· W1 structure: 
· Reuse legacy Rel-16 eType-II SD basis with L>1 to determine the DFT-based SD basis candidates, and indication of SD basis indices follows Rel-16 eType-II
· For 4≥RI>1, L>1 SD basis vectors are commonly selected across layers
· FFS: SD basis selection restriction to reduce SD overhead for RI>4
· W2 structure: 
· Option 1: Layer-specific sub-band SD basis selection (1 out of L) and inter-polarization M-PSK co-phasing where M is further down-selected from {2, 4, 8, 16}
· Option 2: Layer-specific wideband SD basis linear combination and inter-polarization scaling coefficient (e.g., amplitude scaling + M-PSK co-phasing) where M is further down-selected from {2, 4, 8, 16}
· Scheme4: Using legacy Rel-15 Type-I codebook including legacy (N1, N2) values per NZP CSI-RS resource (or port group) where the PMI (associated with W1 and W2) is calculated according to
· W1 structure: Reuse legacy Rel-15 Type-I SD basis with L=1 or L=4 for either each or some of the NZP CSI-RS resources (or port groups)
· W2 structure: inter-NZP CSI-RS resource (or port group) co-phasing along with reusing legacy Rel-15 Type-I inter-polarization co-phasing per NZP CSI-RS resource (or port group)
· inter-CSI-RS resource (or port group) co-phasing is used to combine the different PMIs to come up with a single precoder with >32 ports
· Scheme5: Adding new (N1, N2) values where 2N1N2 (>32) is the total number of CSI-RS ports across aggregated NZP CSI-RS resources, and extending the set of orthogonal beams for the selection of the second beam based on the Rel-15 Type-I single-panel codebook
· (i1,1, i1,2) is used to refer to the 1st beam as in legacy Rel-15 Type-I
· The 2nd beam is selected from the extended set of orthogonal beams of size: 
· FFS: whether to apply any restrictions to the extended orthogonal set of beams
· Scheme6: Adding new (N1, N2) values where 2N1N2 (>32) is the total number of CSI-RS ports across aggregated NZP CSI-RS resources, and 
· Beam(s) is(are) selected for each antenna group or NZP CSI-RS resource. 
· Inter-group (or CSI-RS resource) co-phasing along with inter-polarization co-phasing per group (or CSI-RS resource) are used to combine different beam(s), FFS using scalar quantization or vector quantization for the co-phasings 
FFS (by RAN1#116bis): Down-select (O1, O2) value between (2,2) and (4,4), whether (O1, O2) and/or (q1, q2) is layer-common or layer-specific
FFS (by RAN1#116bis): Whether extension of Rel-15 Type-I MP codebook for Rel-19 Type-I is also supported
FFS (by RAN1#116bis): Whether to introduce larger L values (e.g. 6, 8, 10) 
FFS: Whether to refine CBSR design to reduce RRC overhead
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                          Figure 2a                                                       Figure 2b
Figure 2. Centralized panels or distributed TRPs
Network may configure multiple CSI-RS resources to jointly derive a precoding matrix, where each CSI-RS resource may correspond to either a panel or a TRP at network side. 
For centralized panels as shown in Figure 2a, in order to support up to 128 ports, the codebook design should be at least based on the legacy single-panel Type I codebook. However, there are some restrictions in current single-panel Type I codebook:
· The SD basis selection of other layers is strongly relied on the SD basis of first layer. For example, for a 2-layer CSI reporting in the table below, SD basis of second layer is based on a selected offset (indicated by  from 4 pre-defined  combinations) to SD basis of first layer, where the SD basis of second layer may be either the same or orthogonal to the SD basis of first layer. As the increase of antenna ports, candidate SD basis are also increased, such layer-dependent SD basis selection will limit the freedom to select most suitable SD basis for each layer. There are two approaches to address this issue: 
· First approach is to allow layer-independent SD basis selection, which may increase the overhead for SD basis indication. Analogous to the FD basis selection when  for Rel-16 eType II, the SD basis selection can also follow the two-stage basis selection to reduce SD basis indication overhead. 
· Another approach is to increase the number of candidate SD basis for second layer. For example, the candidate indices ( for generating SD basis of second layer are dynamically determined according to SD basis of first layer (indicated by ) and the value of K as in the following equations. Therefore, the number of candidate SD basis is , which can be larger than 4.
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· [bookmark: _Hlk162287263]The SD basis selection for a subband PMI is determined according to wideband PMI information. For example, for a subband PMI of a two-layer CSI reporting when codebookmode=2, the SD basis of first layer is selected among 4 candidate SD basis determined by wideband PMI information . However, the SD basis of second layer is determined according to the SD basis of first layer and wideband PMI information . There is no freedom to select appropriate SD basis for the second layer. This may degrade the performance of the subband PMI as it’s hard to support frequency-selective precoding for the second layer. To cope with this problem, for each subband PMI, it should be possible to allow frequency-selective SD basis at least for the second layer. For example, UE can also indicate a selected offset according to the 4 pre-defined  combinations for the selection of second layer of a subband PMI.
[image: ]
Observation 7: The SD basis selection of other layers is strongly relied on the SD basis of first layer, which may degrade the performance as increased antenna ports.
Observation 8: The SD basis selection for a subband PMI is determined according to wideband PMI information, which is hard to support frequency-selective precoding especially for the layers other than first layer.
Proposal 3: For Type I codebook supporting up to 128 ports, consider more flexible SD basis selection for each layer, consider at least the following alternatives:
· Alt.1: Support layer-independent SD basis selection and study the method to reduce report overhead, e.g., two-stage SD basis selection.
· Alt.2: The candidate SD basis of other layers are determined dynamically according to SD basis selection of first layer, e.g., with the increased number of candidate SD basis according to the SD basis of first layer.
Proposal 4: For each subband PMI, UE can report an associated indicator to enable subband-level SD basis selection for other layers in addition to first layer, e.g., reuse the current wideband PMI information  to determine the candidate SD basis.
For distributed TRPs, as shown in Figure 2b. To ensure spatial diversity, the TRPs may utilize different SD basis. It is similar as FeType II codebook for CJT that UE reports SD basis selection independently for each selected CSI-RS resource. Therefore, the mechanisms defined in Rel-18 CJT can be simply reused for Type I codebook extension supporting up to 128 ports. That is, the PMI is grouped per CSI-RS resource and inter-CSI-RS resource co-phasing is used to combine the different PMIs to come up with a single precoder with >32 ports (i.e., Scheme 4 in the above agreement). For each CSI-RS resource, at least reuse legacy Rel-15 Type-I SD basis with L=1 so that each group can independently indicate its appropriate SD basis. In addition, in some cases, all the TRPs may share similar spatial directions when they are placed closely. Therefore, UE may firstly select L=4 SD basis common to all TRPs and then each TRP select one SD basis from the L=4 SD basis. This method can also reduce the overhead to report the SD basis selection per CSI-RS resource.
[bookmark: _Hlk163046957]Proposal 5: At least support Scheme 2 for Type I codebook > 32 ports, and subject to UE capability, UE can optionally support Scheme 4 for Type I codebook > 32 ports:
· Scheme2: Adding new (N1, N2) values where 2N1N2 (>32) is the total number of CSI-RS ports across aggregated NZP CSI-RS resources, and
· W1 structure: 
· For 4≥RI>1, L=1 SD basis vector is independently selected for different layers.
· Further study the methods to reduce report overhead of SD basis indication, e.g., two-stage SD basis selection.
· W2 structure: Layer-specific inter-polarization M-PSK co-phasing where M is {2} 
· Support for L>1 and further study the methods to enhance frequency-selective SD basis selection.
· Scheme 4: Using legacy Rel-15 Type-I codebook including legacy (N1, N2) values per NZP CSI-RS resource where the PMI (associated with W1 and W2) is calculated according to
· [bookmark: _Hlk162288382]W1 structure: Reuse legacy Rel-15 Type-I SD basis with L=1 SD basis for each of the NZP CSI-RS resources or L=4 SD basis that are common to all the NZP CSI-RS resources and each NZP CSI-RS resource select one SD basis from the L=4 SD basis.
· W2 structure: inter-NZP CSI-RS resource co-phasing along with reusing legacy Rel-15 Type-I inter-polarization co-phasing per NZP CSI-RS resource.
· [bookmark: _Hlk162288337]inter-CSI-RS resource co-phasing is used to combine the different PMIs to come up with a single precoder with >32 ports.

Codebook design (RI>4)
	Agreement:
For the Rel-19 Type-I codebook refinement for up to 128 CSI-RS ports, support also RI=5-8, with lower priority than RI=1-4:
· FFS: Reduced complexity design, whether to reuse legacy RI=5-8 structure, based on the outcome of RI=1-4


[bookmark: _Hlk162342509]In this section, let’s take an 8-layer CSI reporting as an example according to the cited table in below. There are some constraints on determining an 8-layer PMI:
· The SD basis of layer 3-8 are orthogonal to SD basis of layer 1-2. However, the SD basis of layer 3-8 are determined according to fixed offsets to the SD basis of layer 1-2. There is no enough freedom to select SD basis to match actual channel conditions of layer 3-8. With the increased number of candidate SD basis to support Type I codebook >32 ports, the spatial beams are more granular so that it’s foreseeable that the probability of layer-independent SD basis is increased.
· No inter-polarization co-phasings are utilized for layer 5-8. The performance of layer 5-8 may degrade as it’s hard to support coherent combination of signals from different polarizations due to the mismatch of phase between polarizations.
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In order to harvest the performance gain over higher ranks, Rel-19 should try to address the constraints discussed above. One method is o decouple the dependence between layer 1-4 and layer 5-8. For example, the SD basis of layer 5-8 are not heavily relied on SD basis selection of layer 1-2. Furthermore, UE can report SD basis indications for layer 1 and layer 5 independently. Then, the SD basis of layer 2-4 and layer 6-8 are determined according to SD basis of layer 1 and layer 5, respectively. In addition, support inter-polarization co-phasing for layer 5-8 to increase the performance. An exemplary formula for an 8-layer PMI is shown below:


Where  is the SD basis indication for layer 1-2 and  is the layer indication for layer 5-6;  is a selected offset to determine the SD basis of layer 3-4, and  is a selected offset to determine the SD basis of layer 7-8;  and  are the inter-polarization co-phasings for layer 1-4 and layer 5-8, respectively.
Observation 9: For an 8-layer CSI reporting in current specification,
· The SD basis of layer 3-8 are orthogonal to SD basis of layer 1-2. However, the SD basis of layer 3-8 are determined according to fixed offsets of SD basis of layer 1-2.
· No inter-polarization co-phasings are utilized for layer 5-8.
Proposal 6: Consider group-independent SD basis indication for layer 1-4 and layer 5-8.
Proposal 7: Consider group-independent inter-polarization co-phasing for layer 1-4 and layer 5-8.
Moreover, totally independent report of two PMIs for layer 1-4 and layer 5-8 is not preferred as the increased overhead for CSI reporting should be carefully considered. The channel conditions of layer 5-8 are generally degraded when compared to layer 1-4. Regarding SD basis selection, we can simply reuse or extend the SD basis selection method for layer 2 (e.g., 2-layer CSI reporting when codebookmode =1), where SD basis of layer 2 is selected from candidate SD basis determined according to the SD basis of first layer. For example, SD basis of layer 5-8 are based on candidate SD basis determined according to the SD basis of layer 1-4.
Layer 1-4 in general capture the main components of channel information. Therefore, the accuracy of PMI should be guaranteed, e.g., support frequency-selective PMI reporting. However, layer 5-8 only include some side components of channel information although it is intended to further increase the spectrum efficiency. The frequency-selective impacts on layer 5-8 may not be a main contributing factor for the overall performance. Thus, to reduce report overhead, it’s proposed not to support subband PMI report for layer 5-8.
Proposal 8: Study the following approaches to reduce report overhead when RI>4:
· SD basis of layer 5-8 are based on candidate SD basis determined according to the SD basis of layer 1-4.
· Support only wideband PMI report for layer 5-8.

3 [bookmark: _Hlk158917294]CRI-based CSI reporting
	Agreement:
For the Rel-19 CRI-based CSI refinement for up to 128 CSI-RS ports, in accordance to the WID, extend the Rel-15 CRI-based CSI reporting as follows:
· A UE is configured to measure KS>1 NZP CSI-RS resources with equal number of ports, with up to 32 ports per NZP CSI-RS resource
· Note: The maximum number of ports per NZP CSI-RS resource for a given value of KS will be discussed separately
· Containing the information of M “quadruplets” {(CRIn, RIn, PMIn, CQIn), n=0, …, M–1} in one CSI reporting instance where the value range of M (≤KS) is {1, …, min(X, KS)}
· FFS (by RAN1# 116bis): The supported value(s) of X (candidates are 2, 4, 6, KS)
· FFS (by RAN1# 116bis): Whether the value of M is NW-configured via higher-layer (RRC) signalling, or UE-selected (as a part of CSI report), or a combination of the two
· A same legacy codebook (with up to 32 ports) is configured for (associated with) all M “quadruplets”
FFS: detailed UCI design/optimization (e.g. overhead reduction)
FFS: Whether solution to allow CSI reporting for larger number of CSI-RS resources across multiple CSI reports is supported
FFS: whether further restriction(s) on CMR configuration is needed, including relation with IMR
FFS: the packing order of the information of M “quadruplets”, CSI omission rule
FFS: Whether all the K CSI-RS resources are associated with a same CSI-RS resource set or not
FFS: Whether KS, maximum # ports per resource, and X depend on codebook type

Agreement:
For the Rel-19 CRI-based CSI refinement for up to 128 CSI-RS ports, the supported combinations of KS value and the maximum number of ports per NZP CSI-RS resource are as follows:
· FFS: UE capability on KS and the number of ports per resource
	KS
	Maximum # ports per resource

	2, 3, 4
	32

	5, 6, 7, 8 
	16



Agreement:
For the Rel-19 CRI-based CSI refinement for up to 128 CSI-RS ports, regarding the supported codebook(s) for calculating CQI/PMI/RI on each of the M CRI(s), decide, in RAN1#116bis, between the two alternatives: 
· Alt1: only Rel-15 Type-I Single Panel codebook 
· Alt2: Rel-15 Type-I Single Panel codebook and the Rel-16 eType-II codebook


[bookmark: _Hlk158915075]The precoding methods generally include digital precoding, analog precoding and hybrid precoding. Digital precoding is performed in baseband by using different weighting coefficients (e.g., amplitude and/or phase) for various RF chains. The digital precoding is useful for multi-user multiplexing since different weighting coefficients can be used for different users at the same time. However, the deployment cost is very high due to massive RF chains. Therefore, the digital precoding is commonly deployed in low frequency with limited antennas. Analog precoding is conducted by phase shifters with low cost. Then, it is beneficial in massive MIMO deployment. However, a single panel cannot generate two analog beams simultaneously. In current specifications, digital precoding and analog precoding are supported separately via CSI report and beam report. In a CSI report, UE reports preferred RI/PMI/CQI to network. The beam report includes CRIs and the corresponding RSRPs to facilitate network to select appropriate analog precoding.
Observation 10: Digital precoding and analog precoding are supported via two separate reports in current specification, i.e., CSI report and beam report.
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Figure 3. An example of hybrid precoding
As discussed above, both digital precoding and analog precoding have benefits and constraints. To move forward to 5G Advance and beyond, new spectrum especially for mid-range frequency will be further studied. In this scenario, as shown in Figure 3, hybrid precoding may be adopted to balance the deployment cost and system performance. In the remaining parts of this section, we discuss potential specification impacts to support hybrid precoding.

Codebook types:
There are two codebook types defined in NR specifications, i.e., Type I codebook and Type II codebook. Although Type II codebook has been continuously enhanced after Rel-15, there is still no commercial deployment due to its high UE calculation complexity and report overhead. However, Type I codebook only includes phase information in PMI, so the UE calculation complexity and report overhead are significantly lower than Type II codebook. Moreover, for CRI-based CSI reporting, UE may need to search the best RI/PMI/CQI among all configured reference signals, which also brings additional UE computation complexity. Therefore, it’s proposed to prioritize Type I single panel codebook over Type II codebook for CRI-based CSI reporting.
Proposal 9: Type I single panel codebook is prioritized over Type II codebook for CRI-based CSI reporting.

Resource setting and report setting:
As stated in WID objective, hybrid beamforming should support up to a total of 128 CSI-RS ports across all resources. Since Rel-19 is not intended to enhance CSI-RS regarding the number of ports, network may need to configure multiple CSI-RS resources in a resource setting for CRI-based CSI reporting. According to Figure 3, the multiple CSI-RS resources may be transmitted with different analog precoding. Then, for a specific CSI-RS resource, UE has to report preferred RI/PMI/CQI, i.e., information related to digital precoding. Finally, based on the report, network can construct hybrid precoding to transmit the so-called hybrid beamforming.
As discussed above, digital precoding and analog precoding are supported via CSI report and beam report, respectively. The hybrid beamforming needs to combine the CSI report and the beam report in a single report. Therefore, UE should at least report CRI and corresponding RI/PMI/CQI in the CRI-based CSI reporting, which basically reflects the digital precoding and analog precoding, respectively. In addition, like beam report, UE is required to report multiple CRIs and their corresponding CSI information in a report, which is to facilitate MU scheduling at network even in hybrid beamforming scenario. 
[bookmark: _Hlk158968751]Proposal 10: To support CRI-based CSI reporting for hybrid beamforming, network can configure UE to report multiple sets of CSI information in a single report, where each set of CSI information at least includes CRI and corresponding RI/PMI/CQI for a specific CSI-RS resource indicated by CRI.
Moreover, network can also configure UE to report RSRP for a specific CRI. This is due to that RI/PMI/CQI only reflects some relative channel quality., e.g., CQI is derived based on the ratio between signal power and noise/interference. However, RSRP shows the absolute information of signal receiving power, which may help network to select a better analog precoding and to get some information of noise/interference level. In current specification, the RSRP is generally defined for single-port CSI-RS, which should be extended to support RSRP on a CSI-RS resource with multiple antenna ports.
[bookmark: _Hlk158970226]Proposal 11: To support CRI-based CSI reporting for hybrid beamforming, network can additionally configure UE to report RSRP for a corresponding CRI.

[bookmark: _Hlk158970234]Codebook subset restriction (CBSR):
CBSR is defined in specification to avoid the intra/inter cell interference. For example, network indicates the CBSR to avoid UE to report a specific SD basis for PMI report. In previous releases, the CBSR only includes the impact of digital precoding. When it comes to CRI-based CSI reporting, a hybrid beam is generated based on both digital precoding and analog precoding. Therefore, the configuration on CBSR should consider the intra/inter cell interference in hybrid beamforming scenario. As discussed above, network may configure multiple CSI-RS resources with different analog beamforming. Therefore, in order to limit the digital precoding indicated by UE in PMI, network should also configure CBSR for each CSI-RS resource.
Proposal 12: For CRI-based CSI reporting, support network to configure multiple CBSRs for each of configured CSI-RS resource for channel measurement.

UCI contents and report overhead reduction:
For legacy CSI report, UE can be configured to report wideband CSI information or subband CSI information. Regarding the subband CSI information, the CSI report is divided into two parts, where the overhead of second part CSI is determined by first part CSI. The CRI-based CSI reporting should reuse the legacy mechanisms to report the wideband CSI information or wideband CSI information. As agreed, the CRI-based CSI report may include M “quadruplets” {(CRIn, RIn, PMIn, CQIn), n=0, …, M–1} in one CSI reporting instance. The report overhead will be largely increased to report the M sets of CSI information. Therefore, the report overhead reduction should be studied for CRI-based CSI reporting. For example,
· In the CSI report, M CRIs can be indicated simultaneously by joint coding to reduce overhead.
· Network may configure UE to report M sets of CSI information, UE is mandatory to report at least one set of CSI information. Whether to report the remaining M-1 sets of CSI information can be decided by UE according to current channel conditions (e.g., RSRPs). Therefore, UE may report <=M sets of CSI information in a single CSI report.
Proposal 13: For CRI-based CSI reporting, at least reuse legacy CSI report mechanisms defined for wideband CSI information or subband CSI information.
Proposal 14: Study methods to reduce CSI report overhead for CRI-based CSI reporting, at least support the following mechanisms:
· M CRIs in a CSI report can be indicated simultaneously by joint coding to reduce overhead.
· Network may configure UE to report M sets of CSI information, UE is mandatory to report at least one set of CSI information. Whether to report the remaining M-1 sets of CSI information can be decided by UE according to current channel conditions (e.g., RSRPs).

4 UE reporting enhancement for CJT deployments
Per-TRP delay offset reporting
	Agreement:
For the Rel-19 aperiodic standalone CJT calibration reporting, the following use cases are assumed:
· [bookmark: _Hlk162358697]For per-TRP delay offset reporting:
· Use case 1.1: TRP selection
· Use case 1.2: delay offset compensation for at least one TRP to ensure the CJT-composite delay spread doesn’t exceed a pre-defined dynamic range/threshold
Agreement:
For the Rel-19 aperiodic standalone CJT calibration reporting, given the NTRP configured NZP CSI-RS resources/resource sets and the selected N resources/resource sets, support reporting, in one CSI reporting instance, {(Dn,offset, dn), n=0, 1, …, N – 1} where
· Dn,offset is a B-bit indicator representing the delay offset associated with the n-th CSI-RS resource/resource set
· For the reference CSI-RS resource/resource set nref, the value of Dnref,offset is assumed 0 and not reported
· FFS (by RAN1#116bis): Whether nref is fixed, NW-configured, or is included in the report (selected by the UE)
· The value of Dn,offset indicates the interval  which the delay offset falls into
· Down-select, by RAN1#116bis, from the following
· Alt1:  is uniformly spaced between 0 and AD, i.e. , with 
· Alt2:  is uniformly spaced between -AD and AD, i.e. , with 
· Each interval   corresponds to a codepoint, and  and/or  represent ‘out-of-range’ 
· FFS (by RAN1#116bis): supported quantization alphabet(s) (including AD, M)
· [bookmark: _Hlk162425672]dn is a 1-bit indicator associated with the n-th CSI-RS resource/resource set, indicating whether the measured delay offset, plus delay spread, is inside or outside a pre-defined range/interval
· FFS (RAN1#116bis): The pre-defined range(s), e.g. CP length or its multiple
· FFS: Detailed UCI design on codepoint encoding details
· FFS: The need for a new QCL assumption


[bookmark: _Hlk162424451]The inter-TRP delay offset is mainly due to the non-collocated TRPs and the propagation path delays for multipath channels between TRPs. As shown in Figure 4, UE may determine different DL reference timings from different TRPs. The delay offset between TRPs is the difference between the DL reference timings. UE may detect different DL reference timings for the TRPs, which lead to strong inter-symbol interference if the delay offset exceeds the length of cyclic prefix.
[image: ]
Figure 4. Delay offset between TRPs.
In NR positioning, there is a measurement defined for inter-TRP time offset, which is DL reference signal time difference (DL RSTD), as cited from 38.214 in the following table. Therefore, the definition of per TRP delay offset should try to reuse the definition of DL RSTD. For example, per TRP delay offset is the DL relative timing difference between the Transmission Reception Point (TRP) j and the reference TRP i, defined as TSubframeRxj – TSubframeRxi, where:
· [bookmark: _Hlk162428738]TSubframeRxj is the time when the UE receives the start of one subframe determined by the NZP CSI-RS resources/resource sets from TRP j
· TSubframeRxi is the time when the UE receives the corresponding start of one subframe determined by the NZP CSI-RS resources/resource sets from TRP i that is closest in time to the subframe received from TRP j.
	Definition
	DL reference signal time difference (DL RSTD) is the DL relative timing difference between the Transmission Point (TP) [18] j and the reference TP i, defined as TSubframeRxj – TSubframeRxi,
[bookmark: _Hlk162425381]Where:
TSubframeRxj is the time when the UE receives the start of one subframe from TP j.
TSubframeRxi is the time when the UE receives the corresponding start of one subframe from TP i that is closest in time to the subframe received from TP j.
Multiple DL PRS resources can be used to determine the start of one subframe from a TP.
For frequency range 1, the reference point for the DL RSTD shall be the antenna connector of the UE. For frequency range 2, the reference point for the DL RSTD shall be the antenna of the UE.


[bookmark: _Hlk162426028]The delay offset between TRPs should be determined by the first detected path in time domain. Otherwise, the 1-bit indicator, which indicates whether measured delay offset plus delay spread is larger than CP or not, may not be a valid indication if the DL reference timing is not determined by first detected path in time domain (e.g., Delay offset 0 in Figure 4).
In some cases, the first detected path may not be the main component of a time delay path, e.g., the time delay path with highest power. If the delay offset is used to compensate the inter-TRP time offset, the performance for coherent transmission may not be as good as expected since delay offset does not capture the main component of time delay paths. To increase the reliability of delay offset, UE can report multiple delay offsets per TRP pair. For example, as shown in Figure 4, delay offset 0 is determined by the first detected path in time domain and delay offset 1 is determined by an additional detected path in time domain.
Proposal 15: Per TRP delay offset is the DL relative timing difference between the Transmission Reception Point (TRP) j and the reference TRP i, defined as TSubframeRxj – TSubframeRxi, where:
· TSubframeRxj is the time when the UE receives the start of one subframe determined by the NZP CSI-RS resources/resource sets from TRP j.
· TSubframeRxi is the time when the UE receives the corresponding start of one subframe determined by the NZP CSI-RS resources/resource sets from TRP i that is closest in time to the subframe received from TRP j.
Proposal 16: Support UE to report multiple delay offsets per TRP pair, where the multiple delay offsets include one delay offset that is determined by the first detected path in time domain and at least one additional delay offset that is determined by an additional detected path in time domain.
Per-TRP frequency offset (FO) reporting
	Agreement:
For the Rel-19 aperiodic standalone CJT calibration reporting, the following use cases are assumed:
· [bookmark: _Hlk162358949]For per-TRP frequency offset (FO) reporting:
· Use case 2.1: TRP selection
· Use case 2.2: per-TRP FO compensation at NW side 
Agreement:
For the Rel-19 aperiodic standalone CJT calibration reporting, given the NTRP configured NZP CSI-RS resources/resource sets and the selected N resources/resource sets, support reporting, in one CSI reporting instance, {FOn , n=0, 1, …, N – 1, n≠nref}, where FOn denotes the measured frequency offset associated with the n-th CSI-RS resource/resource set relative to the reference CSI-RS resource/resource set nref
· For the reference CSI-RS resource/resource set nref, the value of FOnref is assumed 0 and not reported
· FFS (by RAN1#116bis): Whether nref is fixed, NW-configured, or is included in the report (selected by the UE)
· FFS (by RAN1#116bis): whether the UE assumes that the measured and reported per-TRP frequency offsets can include Doppler shift (if existent) associated with the reference CSI-RS resource/resource set nref
· FFS: Measurement resource/resource set for FO reporting 
· Down-select, by RAN1#116bis, from the following
· Alt1. The value of FOn indicates a uniformly quantized FO between –AFO and AFO, or 0 and AFO
· FFS (by RAN1#116bis): supported quantization alphabet(s) (including AFO and resolution) for FOn 
· Alt2. The value of FOn indicates the interval  which the FO falls into
· Alt2A:  is uniformly spaced between -AFO and AFO, i.e.  
· Alt2B:  is uniformly spaced between 0 and AFO, i.e. 
· FFS: whether “out-of-range” value/interval is needed, or whether TRP selection value is needed 
· FFS: If N<NTRP, the rest (NTRP–N) resources/resource sets are indicated with a state “out of range”
· FFS: Detailed UCI design
· FFS: The need for a new QCL assumption
· FFS the unit of AFO: e.g. absolute (e.g. in Hz) or relative (e.g. in ppm/ppb relative to carrier frequency, or fraction of SCS), dependence on RS configuration 


The frequency offset not only depends on frequency drift for the Local Oscillator (LO) /Phase Lock Loop (PLL) at each TRP, but also Doppler shift due to arrival angle, departure angle and UE velocity. The two impairments are often not separable. As shown in Figure 5, the arrival angle and the departure angle are different for different TRPs, so the frequency offset is TRP dependent. Moreover, power delay profile generally reflects the paths with different delays, powers, arrival angles and departure angles. Therefore, the frequency offset per TRP is also path dependent. For example, as depicted in Figure 5, the frequency offset per path can be measured based on the phase offset for the same path in two consecutive time occasions.  Therefore, the frequency offset between TRPs should be defined as, the difference of the frequency offset measured from NZP CSI-RS resources/resource sets transmitted from the Transmission Reception Point (TRP) j and the frequency offset measured from NZP CSI-RS resources/resource sets transmitted from the TRP i.
[image: ] 
Figure 5. Frequency/phase offset calculation per path
As the frequency offset per TRP is path dependent, it may not capture the main component of a time delay path, e.g., the time delay path with highest power. The performance may be degraded if the frequency offset is used to compensate the inter-TRP frequency/phase offset. To increase the reliability of the frequency offset, UE can report multiple frequency offsets per TRP pair. For example, frequency offset 0 is determined by the first detected path in time domain and frequency offset 1 is determined by an additional detected path in time domain.
Proposal 17:  Frequency offset between TRPs is defined as the difference of the frequency offset measured from NZP CSI-RS resources/resource sets transmitted from the Transmission Reception Point (TRP) j and the frequency offset measured from NZP CSI-RS resources/resource sets transmitted from the TRP i.
Proposal 18: Support UE to report multiple frequency offsets per TRP pair, where the multiple delay offsets include one frequency offset that is determined by the first detected path in time domain and at least one additional frequency offset that is determined by the additional detected path in time domain.

5 Conclusions
[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]In this paper, some preliminary views on CSI enhancements are discussed. The following observations and proposals are made:
Observation 1: FeType II codebook for CJT supports dynamic TRP selection by UE for a CSI report.
Observation 2: In FeType II codebook for CJT, UE reports SD basis selection independently for each selected CSI-RS resource to allow spatial diversity across TRPs.
Observation 3: Type I single-panel codebook adopts two-stage precoding, where the first stage includes the same SD basis for both antenna polarizations and second stage captures the phase variations between different antenna polarizations.
Observation 4: For the mapping from CSI-RS port index and port index for CSI/PMI calculation, the second dimension (i.e., ) has a higher priority than the first dimension (i.e., ). 
Observation 5: For Type I multi-panel codebook, gNB indicates the number of panels  in addition to  and . Therefore, all  panels are placed in one dimension.
Observation 6: For Type I multi-panel codebook, the precoding matrix is divided into  sub-matrices, where each sub-matrix corresponds to a precoding matrix for an antenna polarization of a specific panel and all the sub-matrices share the same SD basis across all panels and all antenna polarizations.
Observation 7: The SD basis selection of other layers is strongly relied on the SD basis of first layer, which may degrade the performance as increased antenna ports.
Observation 8: The SD basis selection for a subband PMI is determined according to wideband PMI information, which is hard to support frequency-selective precoding especially for the layers other than first layer.
Observation 9: For an 8-layer CSI reporting in current specification,
· The SD basis of layer 3-8 are orthogonal to SD basis of layer 1-2. However, the SD basis of layer 3-8 are determined according to fixed offsets of SD basis of layer 1-2.
· No inter-polarization co-phasings are utilized for layer 5-8.
Observation 10: Digital precoding and analog precoding are supported via two separate reports in current specification, i.e., CSI report and beam report.

Proposal 1: For Type I codebook supporting up to 128 ports, consider the following options for the mapping from CSI-RS resource index/port index per resource and port index to CSI/PMI calculation:
· Option 1: Follow the mapping mechanism defined for Type II CJT in Rel-18, i.e., antenna ports of PMI are firstly ordered per CSI-RS resource as legacy and then increasingly ordered according to the indices of the N selected CSI-RS resources.
· Option 2: Follow the legacy Type I codebook design, i.e., first part of antenna ports belongs to the same antenna polarization of all CSI-RS resources and the remaining antenna ports are from another antenna polarization of all CSI-RS resources.
· Option 3: The number of antenna ports in the first dimension (i.e., ) and the number of antenna ports in the second dimension (i.e., ) and are determined according to the antenna/panel layout of the CSI-RS resources.
Proposal 2: For Type I codebook supporting up to 128 ports, when multiple CSI-RS resources are configured, network can inform UE about the panel layout associated with the multiple CSI-RS resources, e.g., the number of panels in first dimension and second dimension.
Proposal 3: For Type I codebook supporting up to 128 ports, consider more flexible SD basis selection for each layer, consider at least the following alternatives:
· Alt.1: Support layer-independent SD basis selection and study the method to reduce report overhead, e.g., two-stage SD basis selection.
· Alt.2: The candidate SD basis of other layers are determined dynamically according to SD basis selection of first layer, e.g., with the increased number of candidate SD basis according to the SD basis of first layer.
Proposal 4: For each subband PMI, UE can report an associated indicator to enable subband-level SD basis selection for other layers in addition to first layer, e.g., reuse the current wideband PMI information  to determine the candidate SD basis.
Proposal 5: At least support Scheme 2 for Type I codebook > 32 ports, and subject to UE capability, UE can optionally support Scheme 4 for Type I codebook > 32 ports:
· Scheme2: Adding new (N1, N2) values where 2N1N2 (>32) is the total number of CSI-RS ports across aggregated NZP CSI-RS resources, and
· W1 structure: 
· For 4≥RI>1, L=1 SD basis vector is independently selected for different layers.
· Further study the methods to reduce report overhead of SD basis indication, e.g., two-stage SD basis selection.
· W2 structure: Layer-specific inter-polarization M-PSK co-phasing where M is {2} 
· Support for L>1 and further study the methods to enhance frequency-selective SD basis selection.
· Scheme 4: Using legacy Rel-15 Type-I codebook including legacy (N1, N2) values per NZP CSI-RS resource where the PMI (associated with W1 and W2) is calculated according to
· W1 structure: Reuse legacy Rel-15 Type-I SD basis with L=1 SD basis for each of the NZP CSI-RS resources or L=4 SD basis that are common to all the NZP CSI-RS resources and each NZP CSI-RS resource select one SD basis from the L=4 SD basis.
· W2 structure: inter-NZP CSI-RS resource co-phasing along with reusing legacy Rel-15 Type-I inter-polarization co-phasing per NZP CSI-RS resource.
· inter-CSI-RS resource co-phasing is used to combine the different PMIs to come up with a single precoder with >32 ports.
Proposal 6: Consider group-independent SD basis indication for layer 1-4 and layer 5-8.
Proposal 7: Consider group-independent inter-polarization co-phasing for layer 1-4 and layer 5-8.
Proposal 8: Study the following approaches to reduce report overhead when RI>4:
· SD basis of layer 5-8 are based on candidate SD basis determined according to the SD basis of layer 1-4.
· Support only wideband PMI report for layer 5-8.
Proposal 9: Type I single panel codebook is prioritized over Type II codebook for CRI-based CSI reporting.
Proposal 10: To support CRI-based CSI reporting for hybrid beamforming, network can configure UE to report multiple sets of CSI information in a single report, where each set of CSI information at least includes CRI and corresponding RI/PMI/CQI for a specific CSI-RS resource indicated by CRI.
Proposal 11: To support CRI-based CSI reporting for hybrid beamforming, network can additionally configure UE to report RSRP for a corresponding CRI.
Proposal 12: For CRI-based CSI reporting, support network to configure multiple CBSRs for each of configured CSI-RS resource for channel measurement.
Proposal 13: For CRI-based CSI reporting, at least reuse legacy CSI report mechanisms defined for wideband CSI information or subband CSI information.
Proposal 14: Study methods to reduce CSI report overhead for CRI-based CSI reporting, at least support the following mechanisms:
· M CRIs in a CSI report can be indicated simultaneously by joint coding to reduce overhead.
· Network may configure UE to report M sets of CSI information, UE is mandatory to report at least one set of CSI information. Whether to report the remaining M-1 sets of CSI information can be decided by UE according to current channel conditions (e.g., RSRPs).
Proposal 15: Per TRP delay offset is the DL relative timing difference between the Transmission Reception Point (TRP) j and the reference TRP i, defined as TSubframeRxj – TSubframeRxi, where:
· TSubframeRxj is the time when the UE receives the start of one subframe determined by the NZP CSI-RS resources/resource sets from TRP j.
· TSubframeRxi is the time when the UE receives the corresponding start of one subframe determined by the NZP CSI-RS resources/resource sets from TRP i that is closest in time to the subframe received from TRP j.
Proposal 16: Support UE to report multiple delay offsets per TRP pair, where the multiple delay offsets include one delay offset that is determined by the first detected path in time domain and at least one additional delay offset that is determined by an additional detected path in time domain.
Proposal 17:  Frequency offset between TRPs is defined as the difference of the frequency offset measured from NZP CSI-RS resources/resource sets transmitted from the Transmission Reception Point (TRP) j and the frequency offset measured from NZP CSI-RS resources/resource sets transmitted from the TRP i.
Proposal 18: Support UE to report multiple frequency offsets per TRP pair, where the multiple delay offsets include one frequency offset that is determined by the first detected path in time domain and at least one additional frequency offset that is determined by the additional detected path in time domain.
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Table 5.2.2.2.1-6: Codebook for 2-layer CSl reporting using antenna ports 3000 to 2999+Pcsi.rs
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Table 5.2.2.2.1-12: Codebook for 8-layer CSl reporting using antenna ports 3000 to 2999+Pcsi.rs

codebookMode = 1-2

i1 1> i
Ny =4,N, =1 0,.. ,%—1 0 0,1 ,,(_,:;,:,_,a,og,:,_,»fzq‘zu+30,.0,0.0‘0.:2
N, >4,N, =1 0,...,N;0, -1 0 0,1 r,(_,s.:,_,+q,1,_,+2q‘1u+30,.0,0.0‘0.13
Ny=2,N, =2 0,...,N;0, -1 0,...,N,0, -1 0,1 ,‘i’,‘_‘+q_,”v,u,fq‘lu_,‘_2‘,‘2,,05_,‘_“02 N
NN, =2 | o..No-1 | oY 2201 SU O T o OO0
N,>2,N,>2 0,...,N,0, -1 0,...,N,0,-1 | 01 8

bt O 40k 2 40y 1, +00 -y

where W;(PJ,-

mm' " m"n

Vim Vi

TPVt PoVrawr PV

Ve Ve Virwm o Vit

Vi Vrar Virwm o TVimae





image10.png
Spitter) @'@. YT

\ 4
Digital . . Y
Precoding SplltterJ %g
: Y V
spitter)

— @

Phase Shifters  Antennas Beams




image11.svg
               RF Chain   ...   Digital  Precoding     Splitter                       RF Chain     Splitter                       RF Chain     Splitter                         Phase Shifters   Antennas   Beams


image12.png
Delay spread 0

TRPO

DL reference timing determined by TRP 0

Delay spread 1
TRP1





image13.png
hz(i):h1(i)€/'A0:hl(i)ef'2”'Af'T

I-ri:parh

ARER

I-ri:parh

REER

First time occasion

Second time occasion

v




image14.svg
             First time occasion                                 Second time occasion   


image1.png
~

Y

Y

Y

X X | X X | X X | XX

-





image2.svg
                                                                                                                                                                                                                                                                     


