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1. INTRODUCTION
For Rel-19, a WID was proposed to further enhance the MIMO feature [1]. This agenda item covers the second and third objectives. The second objective targets enhancements to the CSI for up to 128 CSI-RS ports: 
	2. [bookmark: _Hlk146697700]Specify CSI support for up to 128 CSI-RS ports, targeting FR1
a. Type-I codebook refinement supporting up to a total of 128 CSI-RS ports across all resources, assuming legacy CSI-RS resources (with up to 32 CSI-RS ports per resource), based on extension of legacy codebooks
b. Type-II codebook refinement supporting up to a total of 128 CSI-RS ports across all resources, assuming legacy CSI-RS resources (with up to 32 CSI-RS ports per resource), based on extension of legacy codebooks, without modifying any codebook parameter other than introducing additional values for the number of ports codebook parameter(s)
c. Extension of CRI(s)-based CSI reporting (CQI/PMI/RI calculated per CRI for ≥1 CRIs) for hybrid beamforming supporting up to a total of 128 CSI-RS ports across all resources, with up to 32 CSI-RS ports per resource, without new codebook design



The third objective targets enhancements for supporting CJT deployments:
	3. Specify UE reporting enhancement for CJT deployments under non-ideal synchronization and backhaul, targeting FR1, both FDD and TDD 
a. Inter-TRP time misalignment and frequency/phase offset measurement and reporting, assuming legacy CSI-RS design, with stand-alone aperiodic reporting on PUSCH



In this contribution, we discuss issues on Objectives 2 and 3 in Sections 2 and 3, respectively.   

2. ENHANCEMENTS FOR UP TO 128 CSI-RS PORTS
[bookmark: _Hlk46150012]2.1 Background and Motivation
New Radio (NR) supports two codebook-based downlink CSI acquisition schemes, namely Type-I and Type-II CSI. Both schemes support a maximum of 32 CSI-RS ports in a CSI resource. The overall system performance, especially coverage and the throughput performance depend on the number of CSI-RS ports. Therefore, it is essential to increase the number of CSI-RS ports for enhancing coverage and throughput performance. Rel-19 aims to refine Type-I and Type-II codebooks to extend the number of CSI-RS ports from 32 up to 128 CSI-RS ports.
 
In Type-I and Type-II CSI, the UE selects a PMI from a pre-defined codebook, where the number of available DFT vectors in the codebook is a function of the number of CSI-RS ports and the DFT-oversampling. Particularly, the total number of DFT vectors in the codebook is given by , where  and  are the number of antenna ports per polarization in a horizontal and vertical dimension and where  and  are the DFT beam oversampling factors in a horizontal and vertical dimension, respectively. The PMI structure of both Type-I and Type-II in matrix form can be expressed as , where  captures the wideband information of the channel and where  captures detailed sub-band information of the channel.  
With more than 2 antenna ports, Type-I CSI supports two modes of operation defined by the RRC parameter codebookMode, namely Mode 1 and Mode 2. 
· Type-I Mode 1: UE measures a CSI resource and determines a single DFT vector from the pre-defined codebook as a wideband PMI. The UE also determines a co-phasing value to co-phase the cross-polarization antenna ports. The overhead of reporting the wideband PMI or  is  and  bits to identify the DFT vector index in the respective horizontal and vertical dimensions, whereas the overhead of reporting the co-phasing can be up to 2 bits per sub-band.
· Type-I Mode 2: The codebook is divided into multiple DFT vector groups where each group contains four DFT vectors. The UE measures a CSI resource and reports a DFT vector group as a wideband PMI or . In each sub-band, the UE also determines one out of the available four DFT vectors in  and reports it to the gNB. Therefore, the overhead of PMI reporting in Mode 2 is  and  bits to identify the DFT vector group and 2 bits per sub-band for selecting one out of the available four DFT vectors. Compared to Mode 1, the PMI in Mode 2 is optimized at a sub-band level and results in some throughput enhancements at the expense of an increased feedback overhead.
Type-I CSI also supports multi-panel operation and hybrid beamforming-based CSI determination and reporting.
· Type-I Multi-Panel (MP): the number of CSI-RS ports in a Type-I MP codebook is restricted to 8, 16 and 32 across all panels to facilitate implementation. The supported number of layers across all panels in Type-I MP is reduced to 4. The PMI of Type-I MP is similar to Type-I Single Panel (SP). The UE determines a precoder on one panel; the same precoder is used on all the panels. An inter-panel co-phasing is introduced to co-phase the precoders between panels. 
· CRI based CSI: NR supports CRI based CSI with up to 8 CSI resources and where each resource can have up to 8 CSI-RS ports. This CSI is used for a hybrid beamforming approach where each CRI is associated to a CSI-RS resource, and the network applies a different analog precoder on each CSI-RS resource. The UE measures a CSI conditioned on each CRI. The UE identifies the best CRI and reports a CSI along with the CRI. Both Type-I SP and Type-I MP supports CRI based CSI.

NR also supports an upgraded variant of Type-I CSI, known as the Type-II CSI to better characterize a multi-path channel. One major difference between Type-I and Type-II CSI is the number of selected DFT vectors in . Type-I supports a single beam operation whereas Type-II supports multiple beams operation, where each beam has its corresponding beam-combining co-efficient and which corresponds to amplitude scaling and angular information of a path. Type-II provides a higher resolution CSI which enables the network to generate more accurate precoders. Type-II is also typically more beneficial for MU-MIMO user pairing since it provides better spatial separation between users which reduces inter-user interference. Therefore, Type-II CSI outperforms Type-I but at the expense of an increased feedback overhead due to the UE reporting a linear combination of multiple beams which includes quantized beam-combining coefficients. 
The structure of Type-II codebook is similar to Type-I, i.e., , where unlike Type-I CSI, multiple DFT vectors are contained in  of a Type-II PMI. The beam-combining coefficients are captured in . In Rel-16, an enhanced variant of Type-II CSI was introduced to prevent excessive growth of the UCI payload size through a frequency domain (FD) compression of the beam-combining coefficients. However, the feedback overhead of Type-II codebooks remains significant and approximately linearly increases with the number of sub-bands. In Enhanced Type-II, the supported number of beams were increased from 4 to 6, and the supported number of layers were increased from 2 to 4. In Rel-18, the support for Type-II CSI was also extended to a high Doppler and CJT use-cases.
In this contribution, we present our views on increasing the number of CSI-RS ports and CJT calibration.
 
2.2 Type-I Codebook Refinement
Single panel codebook refinement for RI 5-8: RAN1#116 reached the following agreement regarding single panel (SP) codebook refinement for RI 5-8.
	Agreement
For the Rel-19 Type-I SP codebook refinement for 48, 64, and 128 CSI-RS ports with RI=5-8, decide, by RAN1#117, from the following schemes:
· Scheme1: adding new (N1, N2) values for the Rel-15 Type-I RI=5-8
· Scheme2: 
· W1 structure: Independent selection of different ceil(v/2) SD basis vectors for RI = v, where each SD basis vector is applied to two respective layers except that, if v is odd, the last SD basis vector is applied to the orphan layer. Each of the SD basis vectors is freely selected from a group of N1N2 orthogonal SD DFT basis vectors via combinatorial indication 
· FFS: mapping between v layers and ceil(v/2) SD basis vectors
· FFS: support of 4 selected SD basis vectors for RI=5-6
· W2 structure:
· For inter-polarization co-phasing, M (e.g., M = 4) codepoints for the orphan layer and M/2 codepoints for two layers sharing a same SD basis vector;
· A fixed  rotation of inter-polarization co-phasing between two layers sharing a same SD basis vector to achieve layer orthogonality.
· Scheme3: the 1st beam is freely selected and subsequent 2 beams (RI=5-6) or 3 beams (RI=7-8) are freely selected such that they are orthogonal in at least one dimension (horizontal or vertical). Layers are mapped to the selected SD basis vectors following legacy Rel-15 for RI=5-8. One co-phasing across all layers ∈{1,j} following legacy Rel-15 Type-I RI=5-8
· Scheme4: concatenate two independently calculated RI=1-4 PMIs for RI=5-8 to reduce UE complexity where each PMI is calculated from the agreed RI=1-4 codebook (Scheme-A or Scheme-B) and the CQI for each of the two CWs is derived assuming it is received by one antenna group of 4 antenna ports (FFS: Whether additional mapping between the two PMIs and the two UE antenna groups is needed)
· Other schemes are not precluded



RAN1#116b reached an agreement for supporting two Type-I schemes, i.e., Scheme-A (based on Scheme1 in RAN1 116 agreement) and Scheme-B (based on Scheme2 in RAN1 116 agreement) for RI=1-4. Figure 1 presents an example of the DFT vectors selection in Scheme-A, Scheme-B, and eType-II for  and  


Figure 1. Example of DFT vectors selection in Scheme-A, legacy eType-II, and Scheme-B

· Scheme-A is based on Rel-15 Type-I single-panel codebook by extending the  and  values, i.e., free selection of  beam for a first layer. 
· In Rel-16 eType-II, the UE reports  and  using  bits. The selected  and  values are associated with a set of  orthogonal DFT vectors. The UE also selects and reports up to  6 DFT vectors from the set of  orthogonal DFT vectors using  bits. This ensures that the selected  DFT vectors are orthogonal to each other. 
· In Scheme-B, the UE first selects the  and . The selected  and  values are associated with a set of  orthogonal DFT vectors. For each layer, the UE then selects a single DFT vector out of the  orthogonal DFT vectors. This ensures that the selected DFT vectors for different layers remains orthogonal to reduce inter-layer interference. In Scheme-B, the overhead of reporting  and  is  bits and the overhead of reporting DFT vector for each layer is   bits.

In our view, Scheme-4 is a suitable choice for PMIs determination for RI=5-8. In Scheme-4, two independently calculated PMIs for RI=1-4 can be concatenated to determine a PMI for RI=5-8. Concatenating two RI=1-4 PMIs for RI=5-8 reduces UE complexity of determining new PMIs. 

Concatenation of two Scheme-A based PMIs for RI=5-8: In Scheme-A, for RI=1, a DFT vector is freely selected from the  DFT vectors. The DFT vectors for RI=2-4 is selected from 4 DFT vectors orthogonal to the DFT vector selected for the first layers. For RI=5, the same DFT vector selected for the first layer can be used whereas for RI=6-8, the DFT vectors selected for RI=2-4 can be re-used.

Concatenation of two Scheme-B based PMIs for RI=5-8: In Scheme-B, layer-common  and  are selected. Then for each of the RI=1-4 layers, a DFT vector is selected from the  DFT vectors orthogonal to the selected  and . For RI=5-6, the same DFT vectors selected for RI=1-2 and for RI=7-8, the same DFT vectors selected for RI=3-4 can be reused.

Observation 1: For RI=5-8, concatenating two PMIs calculated for RI=1-4 can reduce UE complexity.

Proposal 1: Support Scheme-4 for the Rel-19 Type-I SP codebook refinement for 48, 64, and 128 CSI-RS ports with RI=5-8. 

Multi-panel codebook refinement: 
RAN1#116b reached the following agreement for Type-I MP codebook refinement for RI=1-4, 

	Agreement
For the Rel-19 Type-I multi-panel (MP) codebook refinement for 48, 64, and 128 CSI-RS ports, for RI=1-4, decide, by RAN1#117, whether to support Type-I multi-panel (MP) codebook refinement in Rel-19. 
If supported, decide from the following alternatives:
· Scheme1. Based on Rel-15 Type-I MP design directly extended with Ng=K (2, 3, and 4), and new (N1, N2) values
· Scheme2. Based on Scheme4/6 as described in the RAN1#116 agreement
· W1 structure: Reuse legacy Rel-15 Type-I SP SD basis selection with L=1 independently for each of the K NZP CSI-RS resources
· W2 structure:
· Legacy Rel-15 Type-I inter-polarization co-phasing rules independently in each resource,
· Layer-common inter-resource M-PSK co-phasing, where M is further down-selected from {2,4}
· FFS: Whether inter-resource co-phasing is wideband or per subband. 
If so, decide, by RAN1#117, whether port mapping scheme similar to, e.g. Rel-18 Type-II CJT, needs to be specified. 
Note: This topic is lower priority compared to the Rel-19 Type-I SP codebook refinement



The above agreement for Type-I MP codebook has two alternatives for down selection. Scheme-1 is an extension of the legacy Type-I MP codebook, whereas in Scheme-2,  DFT vector is independently selected for each of the NZP CSI-RS resources. Therefore, the following two different implementations can be considered for the PMI structures of Scheme-1 and -2,


where, in Scheme-1, a same PMI is determined for both sets of CSI-RS ports, while in Scheme-2, PMIs are determined independently for each set. Clearly, due to higher flexibility, Scheme-2 should offer a higher performance than Scheme-1. Therefore, in Fig. 2, we provided simulation results for Scheme-2. From the results, it can be observed that 8-PSK and 4-PSK based co-phasing in Scheme-2 MP with 32 ports on each panel can achieve a reasonable performance. As shown, Scheme-2 MP achieves higher performance than Rel-15 Type-I with 32 ports but smaller throughput performance as compared to Scheme-1 with 64 ports. 
[image: ]
Figure 2. Throughput performance comparison of Rel-15 Type-I 32 ports, Scheme-A SP 64 ports, Scheme-4 MP with 8-PSK and 4-PSK co-phasing.

Observation 2: By reusing legacy Rel-15 Type-I SP in Scheme-2 a reasonable throughput performance enhancement can be achieved.

Proposal 2: Support Scheme-2 with 4-PSK based wideband co-phasing for the Rel-19 Type-I multi-panel (MP) codebook refinement for 48, 64, and 128 CSI-RS ports, RI=1-4. 

2.3 Codebook Subset Restriction (CBSR)
In RAN 116bis, the following two agreements on CBSR for Type-I and Type-II codebooks supporting 48, 64, and 128 CSI-RS ports were made.
	Agreement
For the Rel-19 Type-II codebook refinement for 48, 64, and 128 CSI-RS ports, on CBSR, refine the legacy CBSR as follows:
· Only 1-bit hard restriction is supported (analogous to Rel-18 Type-II)
· Moving (N1, N2) configuration out from CBSR IE and the CBSR can be optional configured.
· Send LS to RAN2, and subject to RAN2 consent.
· Group-based CBSR granularity where each bit in the CBSR is associated with a set of X1X2 SD basis vectors, where the set includes X1 adjacent SD basis vectors along the N1 direction and/or X2 adjacent SD bases along the N2 direction.
· FFS: Value(s) of X1 and X2 and detailed design/spec impact 
FFS: Whether/how to enable shared CBSR in RRC configuration for Type-I/-II codebooks with a same (N1,N2).

Agreement
For the Rel-19 Type-I SP codebook refinement for 48, 64, and 128 CSI-RS ports, regarding CBSR design:
· [bookmark: _Hlk166251654]1-bit hard restriction is supported (analogous to Rel-15 Type-I)
· FFS: 3-bit scaling factor for soft restriction with the scaling factor taken into account in CQI/PMI calculation
· Moving (N1, N2) configuration out from CBSR IE and the CBSR can be optional configured.
· Send LS to RAN2, and subject to RAN2 consent.
· -bit CBSR where each bit in the CBSR is associated with a set of X1X2 SD basis vectors, where the set includes X1 adjacent SD basis vectors along the N1 direction and/or X2 adjacent SD bases along the N2 direction
· FFS: Value(s) of X1 and X2 and detailed design/spec impact 
FFS: Whether/how to enable shared CBSR in RRC configuration for Type-I/II codebooks with a same (N1,N2).



Rel-15 Type-I CBSR: The principle of Type-I CBSR is based on hard DFT-vectors restriction controlled by the gNB. In Type-I CBSR, the RRC bitmap parameter  forms the bit sequence , where . Bit value equal to “0” and “1” in the  bitmap corresponds to a restricted or non-restricted DFT-vector in the codebook of  DFT-vectors, respectively. The overhead of Type-I CBSR is as follows,
Rel-15 Type-I CBSR overhead 

Rel-19 Type-I group-based CBSR: An example explaining the working principles of group-based CBSR in Type-I codebook is depicted in Fig 3. In group-based CBSR, each bit is associated with * number of neighboring DFT-vectors. This reduces the CBSR overhead by a factor of . The overhead of Rel-19 group-based CBSR is as follows, 
Rel-19 group-based Type-I CBSR overhead 

Table 1. Maximum allowed amplitude coefficients for restricted vectors, Table 5.2.2.2.3-6 in TS 38.214
	Bits

	Maximum amplitude coefficient


	00
	0

	01
	

	10
	

	11
	1




Rel-16/17 Type-II CBSR: The principle of Rel-16/17 Type-II CBSR is based on soft DFT-vectors restriction. In Type-II CBSR, the RRC bitmap parameter n1-n2-codebookSubsetRestriction forms the bit sequence  by concatenating two bit-sequences  and . Bitmap  has a bit-width of  bits, used for indicating 4 DFT vector groups where each vector group has  number of DFT vectors. Bitmap  has a bit-width of , where 4 is due to the number of vector groups,  and  is the number of DFT-vectors in each vector group and 2 is due to soft restriction, i.e., for indication of one of the 4 maximum allowed amplitude coefficients for each of the the DFT-vectors in the vector group, specified in Table 5.2.2.2.3-6 of [1]. The overall overhead of Rel-16/17 Type-II CBSR in bits is as follows,
Rel-15-17  Type-II CBSR overhead 

Rel-18 Type-II CBSR: In Rel-18 Type-II codebook enhancement for predicted PMI, the legacy Type-II CBSR overhead was reduced by removing the soft restriction mechanism from Rel-16/17 Type-II CBSR. For example, the 4 maximum allowed amplitude coefficients for the restricted vectors specified in Table 5.2.2.2.3-6 of [1] was reduced to only 2 maximum allowed amplitude coefficients for the restricted vectors by removing the second and third row of Table 5.2.2.2.3-6 in [1]. The overhead of Rel-18 Type-II codebook is as follows,
Rel-18 Type-II CBSR overhead 

Rel-19 Type-II Group-based CBSR: An example explaining the working principles of the group-based CBSR in Type-II codebook is depicted in Fig 3. In group-based CBSR, each bit in  is associated with * number of neighboring DFT-vectors. This reduces the bit-width of the  bitmap by a factor of . The overhead of Rel-19 group-based CBSR is as follows,
 Rel-19 group-based CBSR overhead 



Figure 3 Working principles of Rel-19 group-based CBSR in Type-I and Type-II codebooks.

[image: ]
Figure 4 CBSR overhead for 48, 64, and 128 CSI-RS ports with 
Table 2 Legacy Rel-15 and group-based Rel-19 CBSR overhead comparison in Type-I codebook for different and  values.
	
CBSR method
	Number of CSI-RS ports

	
	48
	64
	128

	
	Hard
	Soft
	Hard
	Soft
	Hard
	Soft

	Rel-15 Type-I hard restriction
	768
	N/A
	1024
	N/A
	2048
	N/A

	Rel-19 Type-I, 
	384
	1152
	512
	1536
	1024
	3072

	Rel-19 Type-I, 
	192
	576
	256
	768
	512
	1536

	Rel-19 Type-I, 
	96
	288
	128
	384
	256
	768

	Rel-19 Type-I, 
	48
	144
	64
	192
	128
	384



Table 3 Legacy Rel-15 and group-based Rel-19 CBSR overhead comparison in Type-II codebook for different  and   values.
	
CBSR method
	Number of CSI-RS ports

	
	48
	64
	128

	
	Hard
	Soft
	Hard
	Soft
	Hard
	Soft

	Rel 15-17 Type-II
	N/A
	395
	N/A
	523
	N/A
	1035

	Rel-18 Type-II 
	203
	N/A
	267
	N/A
	523
	N/A

	Rel-19 Type-II, 
	107
	299
	139
	395
	267
	779

	Rel-19 Type-II, 
	59
	155
	75
	203
	139
	395

	Rel-19 Type-II, 
	35
	83
	43
	107
	75
	203

	Rel-19 Type-II, 
	23
	47
	27
	59
	43
	107




On the FFS regarding the ,  values and their detailed design/spec impact
The agreement includes an FFS on the supported values of , , the related design aspect of ,  and the spec impact. In Fig 4, we compared CBSR overhead for 48, 64, and 128 ports with  based on the CBSR methods in Rel-16 Type-I, Rel-16/17 Type-II soft restriction, Rel-18 Type-II hard restriction, Rel-19 Type-II hard restriction with  and  with . The corresponding values (CBSR overhead in bits) are also listed in Table 1. The following can be observed from the comparison on group based CBSR.
· The CBSR overhead in Type-I codebook is higher than the Type-II codebook. 
· Group-based CBSR has a smaller overhead.
· Group-based CBSR may cause throughput performance degradation due to the following reason. Restricting a group of DFT-vectors (beams) using a single bit increases the probability of restricting a DFT-vector for CSI measurement/reporting within the group which might not cause any harmful interference to other users/systems, and which might be a good-enough DFT-vector for selection but is restricted solely due to the working principles of the group-based CBSR. The supported values of  and  will have a direct impact on the throughput performance degradation.
In our view, since CBSR overhead is a semi-static overhead issue, the group-based CBSR targeted to reduce such overhead should not cause any performance degradation. The width of a beam and the CBSR overhead both depends on the number of CSI-RS ports and the DFT-oversampling values. A larger number of CSI-RS ports and/or DFT-oversampling values yields narrow beams and higher CBSR overhead. Therefore, the supported values of  and  should be ,  and  specific. Moreover, as noted from CBSR overhead comparison, the Type-I and Type-II codebook has different CBSR overhead. Particularly, the CBSR overhead in a Type-II codebook is smaller than the CBSR overhead in Type-I codebook. Therefore, the  and  values should also be codebook specific.

Observation 3: The following observations are made based on group-based CBSR in Type-I and Type-II codebooks,
· CBSR overhead in Type-I codebook is smaller than the CBSR overhead in Type-II codebook.
· Group-based CBSR reduces CBSR overhead in Type-I and in Type-II codebooks.
· Group-based CBSR may cause throughput performance degradation.

Proposal 3: Support specifying  and  values based on the number of CSI-RS ports, the DFT oversampling values and the codebook type. 

On the FFS for 3-bit scaling factor for soft restriction in Type-I CBSR: 
In our view, introducing 3-bit scaling factor in Rel-19 group-based Type-I CSBR can increase the CBSR overhead. However, as was observed from our CBSR overhead comparison (care for Table 2, 3 And Fig 4), even smaller values of  and  (e.g.,  and ) considerably reduces the overhead as compared to legacy CBSR schemes. First, the introduction of 3-bit scaling factor in Rel-19 group-based Type-I CBSR may reduce any performance loss that may result due to the Rel-19 group-based CBSR mechanism, as was highlighted in our Observation 2. Secondly, it RAN1 needs to clarify if supporting 3-bit scaling factor could be per DFT-vector in a group of DFT-vectors or per all DFT-vectors in the group of DFT vectors. In our view, to keep the Rel-19 group-based CBSR overhead in check, a 3-bit scaling factor where the scaling factor is associated with all the DFT-vectors in a group can be supported. Introduction of the 3-bit scaling factor will increase the Rel-19 group-based CBSR overhead from  bits to  bits.

Observation 4: The following observations are made on supporting soft restriction in Rel-19 group-based CBSR,
· The overhead of group-based CBSR with soft restriction when the 3-bit scaling factor is associated with all the DFT vectors in a group of  vectors is smaller than the overhead of legacy CBSR, when .
· Soft restriction can reduce performance loss incurred due to the group-based CBSR operation.

Proposal 4: For Rel-19 group-based CBSR, in addition to 1-bit hard restriction,
· Support 3-bit scaling factor for soft restriction in Rel-19 group-based CBSR.
· Support a single 3-bit scaling factor for all DFT vectors in a group of DFT vectors. 

From our comparison of the group-based CBSR and the legacy CBSR overhead in Type-I and Type-II codebooks, it can be concluded (Table 2, 3 and Fig 4) that the CBSR overhead in Type-II codebook is smaller than the CBSR overhead in Type-I codebook. Therefore, supporting 3-bit scaling factor for soft-restriction in Type-I but not in Type-II doesn’t make much sense. In our view, a scaling factor of 3-bits or even less should also be supported for soft restriction in Rel-19 group-based Type-II CBSR, where the scaling factor can be associated with  number of neighbouring DFT vectors in the group of DFT vectors. This will increase the CBSR overhead from bits to  for a scaling factor of 3 bits.

Observation 5: Type-II CBSR overhead is less than the Type-I CBSR overhead.

Proposal 5: Support scaling factor for soft restriction in Rel-19 group-based Type-II CBSR. 

On the FFS for shared CBSR in Type-I and Type-II codebooks: 
In RAN116b, two scheme, i.e., Scheme-A (based on Scheme1 in RAN1 116 agreement) and Scheme-B (based on Scheme2 in RAN1 116 agreement) for RI=1-4 single-panel Type-I codebook were agreed.
· Scheme-A is based on Rel-15 Type-I single-panel codebook by extending the  and  values, i.e., free selection of  beam for a first layer. 
· Scheme-B is based on Rel-16 eType-II, i.e., layer-common  and layer-specific  DFT vector selection from a set of  DFT vectors. 
In Type-I CBSR, the gNB can restrict any DFT vector whereas in Type-II CBSR, the gNB can only restrict a DFT vector within the 4 DFT vector groups, each group having  DFT vectors. Type-I CBSR has a higher overhead as compred to Type-II CBSR, as shown in the overhead comparison in Table 2, 3 and Fig 4. In our understanding, the Type-I CBSR can work with both Scheme-A and Scheme-B. The Type-II CBSR can work effectively with Scheme-B but not as much in Scheme-A. In fact, using Type-I CBSR with Scheme-B and Type-II codebook causes un-necessary increment in CBSR overhead and using Rel-19 Type-II group-based CBSR is too restrictive as the vectors can only be restricted within the 4 vector groups. We summarize our observations in Table 3. 
Table 4 Rel-19 group-based Type-I and Type-II CBSR schemes for Rel-19 Type-I and Type-II codebooks.
	
	Type-I group-based CBSR
	Type-II group-based CBSR

	Type-I, Scheme-A
	Ideal
	Too restrictive

	Type-I, Scheme-B
	Causes un-necessary increment in CBSR overhead
	Ideal

	Type-II
	Causes un-necessary increment in CBSR overhead
	Ideal



Observation 6: The following observations are made,
· Type-I CBSR is ideal for Scheme-A.
· Type-I CBSR causes un-necessary increments in CBSR overhead when used for Scheme-B and Type-II.
· Type-II CBSR is too restrictive for Scheme-A as unlike Type-I CBSR, the DFT vectors in Type-II CBSR can only be restricted within the 4 DFT vector groups.
· Type-II CBSR is ideal for Scheme-B and Type-II.

Proposal 6: On configuration of CBSR for Type-I/-II codebooks with a same (N1,N2),
· Support Type-I CBSR for Scheme-A
· Support Type-II CBSR for Scheme-B and Type-II


2.3 CRI-Based CSI reporting
	Agreement
For the Rel-19 CRI-based CSI refinement for up to 128 CSI-RS ports, for M>1, the M CRIs (each with  bits) are separated indicated,
· FFS: whether to support NW configuring/requesting the UE to report CRI/RI/PMI/CQI associated with MR (<M) of KS CSI-RS resources, including whether further reduction in the number of hypotheses is supported, i.e. reporting (M – MR) CRIs (each with  bits)



RAN1#116b reached an agreement to support reporting  quantities in Rel-19 CRI-based CSI for Type-I SP codebook, where  is RRC configured,  is the number of NZP CSI-RS resources, and the maximum value of  is a UE capability. For Type-II codebook,  can be configured as 1 or 2. There is an FFS on whether the UE may be indicated to report for a subset  (<) of the configured CRIs. 
	The purpose of reporting   CRIs is to facilitate MU analog beam pairing because the UE reports multiple PMIs which are calculated conditioned on different analog beams. The downside is the added reporting overhead for the  quadruplets (CRI, CQI, PMI, RI) especially for the PMI (Type-I and Type-II). In addition to Rel-19 CRI-based CSI reporting, the network has information on which CRIs have the highest/lowest RSRP based on beam quality CSI reports. The RSRP level of an analog beam doesn’t change very fast over time relative to the PMI so only a subset of the  indices may have sufficiently good RSRP (e.g., above a threshold) depending on the UE’s position. With a fixed configured , the UE may be reporting PMIs for CRIs with poor RSRP which is not useful to the network. Moreover, in low load scenarios, there is a low likelihood of finding suitable MU pairs. Then requesting the UE to report CSI for M beam pairs is unnecessary where is sufficient for SU scheduling. Therefore, the network can semi-statically determine which subset of CRIs are the best candidates for CRI-based CSI reporting, and we support specifying methods to allow the NW to configure/request the UE to report a subset of  (<) CRIs. 

Observation 7: The network is aware of the RSRP level of different CRIs and of the network load which affects the choice of 

Proposal 7: Support NW configuring/requesting the UE to report CRI/RI/PMI/CQI associated with MR (<M) of KS CSI-RS resources. 

RAN1#116b reached the following agreement regarding the supported reported quantities for CRI-based CSI. 
	Agreement
For the Rel-19 CRI-based CSI refinement for up to 128 CSI-RS ports, the following report quantities are supported:
· ‘cri-RI-PMI-CQI ‘
· ‘cri-RI-LI-PMI-CQI’ (only for Type-I)
· FFS: ‘cri-RI-i1-CQI’ (only for Type-I)
· FFS: ‘cri-RI-i1’ (only for Type-I)



In our understanding, as per the agreement, report quantity cri-RI-PMI-CQI is to be supported for both Type-I and Type-II codebooks whereas report quantity cri-RI-LI-PMI-CQI is only supported for Type-I codebook. Support for report quantities cri-RI-i1-CQI and cri-RI-i1 for Type-I codebook is FFS. Since reporting of i1 requires smaller feedback overhead as compared to reporting PMI and since higher feedback overhead is an issue when reporting  quantities in CRI-based CSI, it makes sense to support cri-RI-i1-CQI and cri-RI-i1 for Type-I codebook as i1 provides meaningful wideband channel information at a smaller feedback overhead. 

Observation 8: Report quantities cri-RI-i1-CQI and cri-RI-i1 generates a smaller feedback overhead, which is suitable for CRI-based CSI. 

Proposal 8: Support report quantities cri-RI-i1-CQI and cri-RI-i1 for Type-I CRI-based CSI.

	Proposal 2.A.2: 
For the Rel-19 CRI-based CSI refinement for up to 128 CSI-RS ports, 
· When M>1, the M PMIs are independently calculated and indicated
· with the Rel-16 eType-II codebook and KS={1,2,3,4}, support M=2 with a maximum of 16 ports per resource, R=1 only, and a maximum UCI payload of 1706 bits.  
· The value of M={1, 2} is NW-configured via higher-layer (RRC) signalling
· The maximum value of M is subject to UE capability
· on the configured KS>1 NZP CSI-RS resources, reuse the legacy IMR rule for the Rel-15 CRI-based reporting for NZP CSI-RS resource for interference measurement, i.e. only 1 NZP CSI-RS resource for interference measurement can be configured



The main issue with reporting  quantities is the resulting huge payload size. This, however, could be addressed using CSI omission rules. First, it is worth to mention that the existing specifications support CSI omissions only for Type-II CSI due to its large payload size. The existing specifications do not support CSI omission for Type-I CSI as the payload size of legacy Type-I CSI is comparatively smaller. However, for Rel-19 CSI reporting of M CRIs, the resulting payload size significantly increases and may not fit in the allocated PUSCH/PUCCH resources for CSI reporting. Therefore, CSI omission rules are needed to manage the payload size of Rel-19 CRI-based Type-I and Type-II CSI. 

Observation 9: The payload size of Rel-19 CRI-based Type-I and Type-II CSI can be excessive.

Proposal 9: Support specifying CSI omission rules for Rel-19 CRI-based Type-I and Type-II CSI. 

Legacy Type-II CSI omission rules are specified considering the space-domain (polarization and layers) and frequency-domain (sub-bands) indices. Legacy Rel-19 CSI omission rules can be re-used on each of the selected CRIs to prioritize one CSI over another CSI in the same CRI, e.g., to prioritize or de-prioritize the  of a CRI over the  of the same CRI. However, Rel-19 CRI-based CSI introduces another dimension, i.e., the CRI domain. We can also consider the omission rules based on the CRI index. 
In our view, defining Rel-19 CSI omission rules based on the design principles of legacy CSI omission rules, e.g., a CRI with the lowest index has a high priority over a CRI with the highest index or vice-versa is not efficient enough, as a CRI with a highest RSRP or a CRI with the highest rank might end up with a very small priority value. In our view, legacy priority rules can be re-used with little to no modification if needed to assign a priority value to the CSI contents of each CRI. However, priority value assignment to the CRI-domain, i.e., the priority value of a first CRI and a second CRI should be based on the RSRP value or rank value of the first and second CRIs to avoid omitting stronger CRIs.

Observation 10: Legacy design principles of priority value assignment do not consider the CRI dimension since the UE only reported a single CRI.  

Proposal 10: Support assigning priority value to a CRI for CSI omission based on the RSRP or rank value of the CSI conditioned on a CRI. 

3. UE REPORTING ENHANCEMENTS FOR CJT

3.1 Background and Motivation
	The high throughput gains in NR are achievable using advanced MIMO features with large antenna arrays. Increasing the number of antenna elements at the base station enables the network to focus the energy from beamforming into narrower beams that are directed more precisely towards a UE’s location. In practice, two-dimensional antenna arrays are commonly used where dual-polarized antenna elements are arranged into rows and columns with inter-element spacing greater than the half-wavelength of the carrier frequency. To satisfy this restriction in FR1, the antenna array deployed in a single site for 128 antenna ports becomes very large. For example, at 2GHz, the half-wavelength is 7.5 cm. An antenna array with 16 columns of 4 dual-polarized antenna elements that are one-to-one mapped to antenna ports requires at least a panel of size 1.2-by-0.3 meters at a single site. If analog beamforming is used, additional antenna elements are required to virtualize 128 ports using a multiple-to-one subarray partitioning. Moreover, if a lower carrier frequency is used, the antenna array size also increases linearly. It becomes less feasible to install such large arrays in deployments with restricted space. 
	
To enable high number of antennas in FR1, the antennas can be distributed in different locations. Multiple TRPs are deployed and they coordinate together to transmit a precoded signal over the aggregated antenna ports. The TRPs are connected through a backhaul which is tightly synchronized in time and frequency to ensure that the joint transmission is coherently combined into a single signal. From the UE’s perspective, assuming ideal backhaul and synchronization, it is receiving one transmission from a large antenna array with number of antenna ports equal to the sum of antenna ports from the multiple TRPs. The UE performs joint reception and demodulation which increases the SNR and improves the BLER of the received PDSCH. This scenario is referred to as Coherent Joint Transmission (CJT). 
	
In Rel-18, specification was introduced for precoding and CSI reporting in CJT scenario [2]. It supports an enhanced CSI report for Type II precoding from multiple TRPs. The UE is configured with a measurement set of up to an RRC configured NTRP=4 cooperating TRPs. The UE receives a CMR configuration with NTRP CSI-RS resources, each having the same number of ports reusing legacy CSI-RS design with up to 32 ports per resource. Rel-18 restricts  and to be the same for all CSI-RS. Therefore, Rel-18 supports a maximum of 2*4** = 128 ports across TRPs. Anything above 32 ports is UE optional. 
	
The network uses a subset of TRPs (<=NTRP) for CJT. The UE or network determines the set of  TRPs depending on the CSI report which is configured with one of two options. In Option 1, the UE determines the number of TRPs in the subset, . UE reports the CSI in two parts where Part 1 has a bitmap with NTRP fields to identify the  indices, and reports the associated CSI contents for the  TRPs in Part 2. In Option 2, the UE receives an RRC configured value of =NTRP, and the UE reports the CSI for the  TRPs. 

The CJT precoder structure is essentially the  precoders stacked on top of each other into a single precoder. The UE reports TRP-specific precoder indices from the Type II codebook. There are two different RRC configurable codebook modes for the FD basis reporting. In Mode 1, the UE reports TRP-specific SD and FD basis/coefficients. The number of FD basis is the same across the  resources, and UE reports one common FD basis across the  resources with -1 relative FD basis offsets with respect to the reference FD basis. In Mode 2, the UE reports TRP-specific SD basis/coefficients, and one common FD basis/coefficient across TRPs. For the SD basis reporting, the UE is configured to report Ln bases for the n’th CSI-RS resource. For a given value of NTRP, the UE is RRC-configured with NL different combinations of {Ln} where each combination defines the number of basis per TRP. In CSI part 1, the UE indicates which one out of the NL combinations is chosen for the CSI calculation. For example, for NTRP = 4, one of the combinations is {4,4,4,4} which means the UE reports 4 basis/coefficients per TRP. The UE can indicate up to a rank of RI = 4. Due to the large overhead of Type II, and even more so with multiple TRPs, UE can only report the CJT CSI through PUSCH (aperiodic or semi-persistent).
 
With these enhancements, Rel-18 CJT achieves high throughput. However, Rel-18 work assumed ideal backhaul and synchronization in frequency and time (e.g., within a CP). The current frequency accuracy requirements for the UE and BS are in the range of ± 0.1 PPM [3], and ± 0.05 to ± 0.1 ppm [4], respectively: 

3.2 Measurement and Reporting of Inter-TRP Synchronization Errors
	Agreement
For the Rel-19 aperiodic standalone CJT calibration reporting of {FOn , n=0, 1, …, NTRP – 1, n≠nref}, the value of FOn indicates a uniformly quantized frequency offset between 0 and AFO.
For the Rel-19 aperiodic standalone CJT calibration reporting of {(Dn,offset, dn), n=0, 1, …, NTRP – 1, n≠nref}, regarding the interval  which Dn,offset falls into,  is uniformly spaced between 0 and AD, i.e. , with  and  represent ‘out-of-range’.
For the Rel-19 aperiodic standalone CJT calibration reporting, in addition to reporting one type of CJT calibration report in one report, at least support reporting {(Dn,offset, dn), n=0, 1, …, NTRP – 1, n≠nref1} and {FOn , n=0, 1, …, NTRP – 1, n≠nref2} in one report
· nref1 and nref2 are independently selected and indicated by the UE
· One-part UCI is used
For the Rel-19 aperiodic standalone CJT calibration reporting, regarding frequency offset reporting,  and  represents an ‘invalid’ state.
For the Rel-19 aperiodic standalone CJT calibration reporting, the resolution parameters for , i.e. , are NW-configured via higher-layer (RRC) signalling from the candidate values {16, 32}, where .
For the Rel-19 aperiodic standalone CJT calibration reporting, an ‘invalid’ quantization state/hypothesis is supported for frequency offset and phase offset CJT calibration reporting.
· Note: already supported as ‘out-of-range’ for the (Dn,offset, dn) reporting
· FFS (RAN1#117): The need for a condition/event for ‘invalid’ to be specified as a UE procedure e.g. RSRP-based



	It is agreed that the UE reports delay/frequency/phase offsets with respect to a reference TRP. For the delay offset of TRP n, an additional bit, dn, associated with the n-th CSI-RS resource indicates if the measured delay plus delay spread is outside a pre-defined range/interval. Similarly, it was agreed that there is an ‘invalid’ quantization state/hypothesis for frequency/phase offsets which the UE reports for out-of-range measurements. It remains FFS if the condition/event for reporting ‘invalid’ state should have a formal definition in the specification. 

The UE independently selects the reference TRPs for offset measurements and reporting. The offsets are quantized only within a positive range with respect to the reference. Therefore, the UE selects, as a reference, the TRP with the lowest absolute offset measurement. However, the offset measurement and selection of the reference TRP may be unreliable if signal quality is low (e.g., RSRP). For example, the UE may report a small offset for a TRP which doesn’t fall in the ‘out-of-range’ values but is inaccurate due to measurements performed with low signal quality. 

If no condition/event is specified, it is up to the UE implementation to determine when to declare a measurement ‘invalid’. This doesn’t give any indication to the network about the reliability of the measurement. If a condition/event (e.g., RSRP threshold) is specified, the UE reports an ‘invalid’ state if the RSRP of the n’th TRP is below a threshold. This is helpful for TRP selection as it allows the UE to exclude TRPs with unreliable measurements. 

Observation 11: The UE may report offset values within the quantization range but measured with poor signal quality (e.g., RSRP). 

Proposal 11: Specify an RSRP-based condition/event for reporting an ‘invalid’ quantization state/hypothesis. 

	Agreement
For the Rel-19 aperiodic standalone CJT calibration reporting, the dynamic range and resolution parameters for delay offset reporting Dn,offset, i.e. (AD, MD), are NW-configured via higher-layer (RRC) signalling from the following candidate values:
· AD ={0.5CP, 0.75CP, CP, 1.5CP, 2CP, , , } where CP and  denote the length of the cyclic prefix according to the current specifications (for normal CP) within a slot and the SCS, respectively
· FFS: Further down-selection of the above candidate values for AD, including the use of a same unit for all supported values
· MD ={32, 64}
· FFS: If TDD TX/RX timing misalignment report is supported, whether different set of candidate MD values is needed
In addition, the inside/outside range for the 1-bit indicator dn is equal to [0, CP].
FFS: Further implicit/explicit restriction(s) on candidate value(s) depending on the CSI-RS configuration.


	
With respect to the dynamic range for delay offset reporting, AD, several candidate values were proposed last meeting, and it’s FFS whether the values should be further down-selected. Specifically, some proposed candidate values are above the CP length. 
With delays less than a CP, the performance is degraded due to the linearly varying phase shift in the frequency domain and the ISI can be mitigated through the CP. The linearly varying phase shift can be pre-compensated at the network side. 
With delays larger than a CP, there is more significant degradation due to ISI which represents a much more challenging scenario for CJT. For out-of-range reporting, it’s agreed to have a 1-bit indicator dn to be toggled on if the delay offset (delay + delay spread) is greater than the CP. A dynamic range AD larger than CP enables the UE to indicate by how much the delay exceeds the CP. This level of accuracy beyond the CP doesn’t seem necessary since it’s unlikely CJT is used if dn is toggled. Therefore, it is preferrable to limit AD to be configurable up to 1CP. Units of fractions of CP length may be used since dn is also defined with respect to the CP length. 

Observation 12: dn indicates if the delay plus delay spread exceed CP which represents a scenario with poor CJT performance due to ISI. 

Proposal 12: The delay offset dynamic range, AD, is configurable in fractions of a CP up to 1CP. 

	Agreement
For the Rel-19 aperiodic standalone CJT calibration reporting, the dynamic range and resolution parameters for frequency offset reporting FOn, i.e. (AFO, MFO), are NW-configured via higher-layer (RRC) signalling from the following candidate values:
· AFO = {0.01ppm, 0.1ppm, 0.2ppm, Δf, Δf/2, Δf/4, Δf/8, 1/(4Δt), 1/(8Δt), 1/(16Δt), 1/(32Δt), 1/(512Δt)} where Δf and Δt denote the SCS and duration of one OFDM symbol, respectively
· FFS: Further down-selection of the above candidate values for AFO, including the use of a same unit for all supported values
· MFO = {16,32}



	Similarly, several candidate values were proposed for the frequency offset reporting dynamic range, AFO, and it is FFS which values should be downselected. RAN4 specified dynamic ranges for the minimum requirement of the frequency error at the gNB side (e.g., Table 9.6.1.3-1 presented in Section 1). It supports values of 0.1ppm and 0.2ppm. For consistency in the specification, similar units can be used for AFO (ppm), and the same range can be reused. 

Observation 13: RAN4 specifies the minimum requirement for the frequency error at the BS in ppm with up to 0.2ppm error.  

Proposal 13: The frequency offset dynamic range, AFO, is configurable in ppm with up to 0.2ppm.  

4. CONCLUSIONS
In this contribution, we discussed the scope of enhancements for Objectives 2 and 3 from the WID. We make the following observations and proposals:

CSI

Observation 1: For RI=5-8, concatenating two PMIs calculated for RI=1-4 can reduce UE complexity.

Observation 2: By reusing legacy Rel-15 Type-I SP in Scheme-2 a reasonable throughput performance enhancement can be achieved .

Observation 3: The following observations are made based on group-based CBSR in Type-I and Type-II codebooks,
· CBSR overhead in Type-I codebook is smaller than the CBSR overhead in Type-II codebook.
· Group-based CBSR reduces CBSR overhead in Type-I and in Type-II codebooks.
· Group-based CBSR may cause throughput performance degradation.

Observation 4: The following observations are made on supporting soft restriction in Rel-19 group-based CBSR,
· The overhead of group-based CBSR with soft restriction when the 3-bit scaling factor is associated with all the DFT vectors in a group of  vectors is smaller than the overhead of legacy CBSR, when .
· Soft restriction can reduce performance loss incurred due to the group-based CBSR operation.

Observation 5: Type-II CBSR overhead is less than the Type-I CBSR overhead.

Observation 6: The following observations are made,
· Type-I CBSR is ideal for Scheme-A.
· Type-I CBSR causes un-necessary increments in CBSR overhead when used for Scheme-B and Type-II.
· Type-II CBSR is too restrictive for Scheme-A as unlike Type-I CBSR, the DFT vectors in Type-II CBSR can only be restricted within the 4 DFT vector groups.
· Type-II CBSR is ideal for Scheme-B and Type-II.

Observation 7: The network is aware of the RSRP level of different CRIs and of the network load which affects the choice of 

Observation 8: Report quantities cri-RI-i1-CQI and cri-RI-i1 generates a smaller feedback overhead, which is suitable for CRI-based CSI
Observation 9: The payload size of Rel-19 CRI-based Type-I and Type-II CSI can be excessive.

Observation 10: Legacy design principles of priority value assignment do not consider the CRI dimension since the UE only reported a single CRI.  

Proposal 1: Support Scheme-4 for the Rel-19 Type-I SP codebook refinement for 48, 64, and 128 CSI-RS ports with RI=5-8. 

Proposal 2: Support Scheme-2 with 4-PSK based wideband co-phasing for the Rel-19 Type-I multi-panel (MP) codebook refinement for 48, 64, and 128 CSI-RS ports, RI=1-4. 

Proposal 3: Support specifying  and  values based on the number of CSI-RS ports, the DFT oversampling values and the codebook type. 

Proposal 4: For Rel-19 group-based CBSR, in addition to 1-bit hard restriction,
· Support 3-bit scaling factor for soft restriction in Rel-19 group-based CBSR.
· Support a single 3-bit scaling factor for all DFT vectors in a group of DFT vectors. 

Proposal 5: Support scaling factor for soft restriction in Rel-19 group-based Type-II CBSR. 

Proposal 6: On configuration of CBSR for Type-I/-II codebooks with a same (N1,N2),
· Support Type-I CBSR for Scheme-A
· Support Type-II CBSR for Scheme-B and Type-II

Proposal 7: Support NW configuring/requesting the UE to report CRI/RI/PMI/CQI associated with MR (<M) of KS CSI-RS resources. 

Proposal 8: Support report quantities cri-RI-i1-CQI and cri-RI-i1 for Type-I CRI-based CSI.

Proposal 9: Support specifying CSI omission rules for Rel-19 CRI-based Type-I and Type-II CSI. 

Proposal 10: Support assigning priority value to a CRI for CSI omission based on the RSRP or rank value of the CSI conditioned on a CRI. 

CJT

Observation 11: The UE may report offset values within the quantization range but measured with poor signal quality (e.g., RSRP). 

Observation 12: dn indicates if the delay plus delay spread exceed CP which represents a scenario with poor CJT performance due to ISI. 

Observation 13: RAN4 specifies the minimum requirement for the frequency error at the BS in ppm with up to 0.2ppm error. 
 
Proposal 11: Specify an RSRP-based condition/event for reporting an ‘invalid’ quantization state/hypothesis. 

Proposal 12: The delay offset dynamic range, AD, is configurable in fractions of a CP up to 1CP. 

Proposal 13: The frequency offset dynamic range, AFO, is configurable in ppm with up to 0.2ppm.  
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APPENDIX
Table 4. SLS simulation assumptions
	Parameter 
	Value 

	Duplex, Waveform 
	FDD, CP-OFDM 

	Multiple access 
	OFDMA 

	Scenario 
	UMi,

	Carrier frequency 
	3.5 GHz

	Inter-BS (site) distance 
	200m 

	Antenna setup and port layouts at gNB 
	32 ports, (M, N, P, , ) = (8, 16, 2, 4, 4), (dH, dV) = (0.5, 0.8) λ 
64 ports, (M, N, P, , ) = (8, 16, 2, 8, 4), (dH, dV) = (0.5, 0.8) λ 

	Antenna setup and port layouts at UE 
	2RX: (1, 1, 2, 1, 1, 1, 1), (dH, dV) = (0.5, 0.8) λ for rank (1, 2) 

	BS Tx power 
	41 dBm 

	BS antenna height 
	10m 

	Modulation 
	Up to 256QAM 

	Coding on PDSCH 
	LDPC

	Numerology Slot/non-slot 
	14 OFDM symbol slot 

	Frequency scheduled resource size
	180 KHz

	System bandwith  
	10 MHz

	Signal bandwidth 
	9 MHz 

	Number of TTIs 
	2000

	MIMO scheme 
	SU/MU-MIMO with rank adaptation 

	Update interval for W1, W2 and W3
	5 ms

	Traffic model 
	Non full buffer, resource utilization ~40%

	UE distribution 
	20% outdoor, 80% indoor 

	UE receiver 
	MMSE

	Channel estimation 
	Realistic 



Antenna setup and port-layout at gNB. 
We used Type-I single-panel codebook for the simulations. The antenna panel at the gNB has dual-polarized 256 antenna elements with the subarray partitioning for 32 and 64 ports as shown inFigure 5. For throughput results of the Rel-15 Type-I 32 ports case, a single CSI-RS resource with 32 ports is used. For the results of scheme-A with 64 ports, port indices to CSI-RS resource mapping based on method 2 of proposal 1.B is used. For throughput results of Scheme-2, two CSI-RS resources each with 32 ports and (N1,N2) = (4,4) are used.



[bookmark: _Ref166230380]Figure 5 Subarray partitioning for 32 and 64 ports.
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