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Introduction
This contribution provides Samsung’s view on the key issues related to Rel.19 CSI enhancements that are prioritized for RAN1#117 (as announced by the FL [1]). It also discusses other issues that are relevant for further discussions. 

Type-I/II
1.1 Key Issues
1.1.1 Issue 1: Type-I SP RI=5-8

	Proposal 1.A.1: For the Rel-19 Type-I SP codebook refinement for 48, 64, and 128 CSI-RS ports with RI=5-8, support the following schemes:
· Scheme-A (based on Scheme3 described in RAN1#116bis):
· W1 structure:
· The 1st SD basis vector is freely selected and subsequent 2 (RI=5-6) or 3 SD basis vectors (RI=7-8) are freely selected such that they are orthogonal in at least one dimension (horizontal or vertical).
· The v layers are mapped to the selected SD basis vectors following legacy Rel-15 Type-I for RI=5-8.
· W2 structure:
· Following legacy Rel-15 Type-I RI=5-8
· Scheme-B (based on Scheme2 described in RAN1#116bis):
· 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 following legacy Rel-15 Type-I for RI=5-8, except that, if v is odd, the last SD basis vector is applied to the orphan layer. 
· FFS: mapping between the orphan layer and its selected SD basis vector and, if needed, UE reporting of the selection 
· FFS: support of 4 selected SD basis vectors for RI=5-6
· The SD basis vectors are freely selected from a group of N1N2 orthogonal SD DFT basis vectors via combinatorial indication 
· W2 structure:
· For inter-polarization co-phasing, 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 inter-layer orthogonality.
· A UE can be configured by the NW via higher-layer (RRC) signalling with either Scheme-A (RI=1-4+RI=5-8) or Scheme-B (RI=1-4+RI=5-8)



For RI=1-4, we have agreed that two schemes (or two modes), ‘eco’ scheme (scheme A) with low overhead and ‘high-performance’ scheme (scheme B) with high overhead. In our view, this principle needs to be applied to RI=5-8 as well. Otherwise, RI can be selected in a biased direction, i.e., either RI=1-4 or RI=5-8. For example, if we assume only Scheme2 is supported for RI=5-8 for both ‘eco’ mode and ‘high-performance’ mode, Scheme2 can be more frequently selected when eco mode is configured. Or if we assume only Scheme3 is supported for the both modes, scheme 3 (RI=5-8) can be less frequently selected when high-performance mode is configured. The potential biased effect should be avoided. Therefore, we support Proposal 1.A.1 that Scheme3 and Scheme2 for RI=5-8 are included in Scheme-A (i.e., Mode A) and Scheme-B (i.e., Mode B), respectively.

Proposal 1: Regarding Rel-19 Type-I SP codebook for RI=5-8, support Proposal 1.A.1. 


Regarding the FFS for Scheme-B on support of 4 selected SD basis vectors for RI=5-6, we don’t support it since it is unclear about the benefit of 4 SD basis vectors for RI=5-6, instead of using 3 SD basis vectors. Also, supporting of 4 selected SD basis vectors for RI=5-6 is a different scheme in our view, as it is conflicted with the description of Scheme-B regarding the orphan layer. 


Proposal 2: Regarding the second FFS for Scheme-B for RI=5-8, do not support 4 SD basis vectors for RI=5-6.


1.1.2 Issue 2: Type-I SP UCI design: Alt1 vs Alt2

	Proposal 1.B.1/2: For the Rel-19 Type-I SP codebook refinement for 48, 64, and 128 CSI-RS ports, regarding UCI parameters for Scheme-B RI=v=1-4:
· SD basis vector selection indicator for each layer is in Part 2 (wideband) and  bits per layer l=1, …, v
· Inter-pol co-phase selection indicator for each layer is in Part 2 (wideband or subband) and 2 bits (representing {+1, +j, -1, -j}) per layer l=1,…,v



Regarding inter-pol co-phasing UCI, allowing inter-pol co-phase selection jointly across two layers contradicts the previous agreement ‘layer-specific inter-pol co-phasing with the alphabet {+1,+j,-1,-j}’, and thus it should not be supported. 

Given the fact that the layer-specific inter-pol co-phase selection should be supported, there is no reason to consider SD basis selection indicator in Part 1 or to introduce additional indicator such as an indicator indicating layer pairs sharing a same SD vector in Part 1, since they always incurs more overhead ( bits or bit-width of the additional indicator) than the overhead of locating it in Part 2.

Besides, it is observed that the frequency at which a same SD basis vector is selected across two layers is small (only 25% shown in Section 2.2), and the occurrence of selecting a same SD basis vector across >2 layers when RI=3 or 4 is selected is practically zero, hence potential overhead reduction in Part 2 is small even if allowing inter-pol co-phase selection jointly across two layers (which requires reverting the previous agreement) is considered.

Proposal 3: Regarding UCI design for Rel-19 Type-I Scheme-B with RI=1-4, support Proposal 1.B.1/2. 


1.1.3 Issues 3/4: Type-I SP UCI omission & Type-I/II Ocpu and ARC

	[116bis] Agreement
For the Rel-19 Type-I SP and Type-II codebook refinements for 48, 64, and 128 CSI-RS ports via aggregating K>1 CSI-RS resources, regarding timeline, introduce two UE capabilities:
· Capability 1: Reuse legacy Z/Z’ values
· Capability 2: Scale the legacy timeline Z/Z’ by ceil(P/32) where P is the total number of ports across all the K aggregated CSI-RS resources
FFS: CPU occupation and active resource counting
Note: 
· The legacy timeline Z/Z’ for Type-I corresponds to Z1/Z1’ in Table 5.4-2 of TS38.214 for Type-I WB SP-CSI with at most 4 CSI-RS ports in a single resource without CRI, and Z2/Z2’ for other Type-I cases
· The legacy timeline Z/Z’ for Type-II corresponds to Z2/Z2’




For Ocpu, we support to relax the value for timeline Capability 1 and to reuse the legacy for timeline Capability 2. In the previous meeting, we agree to reuse legacy Z/Z’ values for Capability 1 and to scale the legacy timeline Z/Z’ by ceil(P/32) for Capability 2. In our view, timeline Capability 2 is too relaxed, and using Capability 2 may lead in reported CSI being outdated in some fast-channel-varying scenarios. Hence, it would be beneficial to facilitate UE to support timeline Capability 1 for Rel-19 Type-I/II CSI. To this end, we suggest to relax Ocpu (by scaling K or ceil(P/32)) for timeline capability 1 yet to reuse the legacy for timeline Capability 2 (which is already too relaxed, so reusing the legacy Ocpu is sufficient in our view). Also, we support to fully reuse legacy ARC for Rel-19 Type-I/II.

For Rel-19 Type-I SP UCI omission rule, we support to fully reuse legacy Type-I UCI omission rule, i.e., no dependency of CSI-RS resource index.

Proposal 4: for Rel-19 Type-I/II Ocpu and active resource counting,
· Support to relax Ocpu by K or ceil(32/P) for timeline Capability 1 and to reuse the legacy (=1) for timeline Capability 2
· Support to reuse the legacy active resource counting.
For Rel-19 Type-I SP UCI omission rule, support to fully reuse the legacy Type-I UCI omission rule, i.e., no dependency of CSI-RS resource index.


1.1.4 Issue 5: Whether to support Type-I MP


	Proposal 1.E.1: For the Rel-19 Type-I multi-panel (MP) codebook refinement for 48, 64, and 128 CSI-RS ports, for RI=1-4, support the following (compromise between Scheme 1 and Scheme2 described in RAN1#116bis):
· W1 structure: Common SD basis selection across all the Ng=K NZP CSI-RS resources, reusing legacy Rel-15 Type-I SP SD basis selection rules with L=1 for RI=1-4
· Ng = K = {2, [3], 4} denotes the number of NZP CSI-RS resources associated with the Ng panels
· W2 structure:
· Legacy Rel-15 Type-I inter-polarization co-phasing rules independently in each resource,
· Layer-common sub-band inter-resource QPSK co-phasing





We prefer to keep the original description of Scheme 2 on W1 structure, i.e., “Reuse legacy Rel-15 Type-I SP SD basis selection with L=1 independently for each of the K NZP CSI-RS resources”, since common SD basis selection across all K CSI-RS resources may restrict possible NW multi-panel deployment scenarios (e.g., facing directions of multi-panel are the same) or lead in performance degradation. But we acknowledge that there are several benefits to consider common SD basis selection across all K CSI-RS resources in Proposal 1.E.1 such as guaranteeing orthogonality across layers and alleviating UE implementation complexity (i.e., search space reduction especially when K=4). We are OK with Proposal 1.E.1 if it is a majority view.

Proposal 5: for Rel-19 Type-I multi-panel codebook, although resource-specific SD basis selection is clearly superior and facilitates wider use cases, common SD basis selection across all K CSI-RS resources can be considered as described in Proposal 1.E.1.


1.1.5 Other issues

Regarding additional support for O1=O2=2

	[116bis] Agreement
For the Rel-19 Type-I single-panel (SP) codebook refinement for 48, 64, and 128 CSI-RS ports, for RI=1-4, O1=O2 is 4
· FFS: Additional support for O1=O2 is 2 when RI=1-4 (including separate UE capability)



We don’t support O1=O2=2 for RI=1-4, since we do not see any benefit of reducing O1/O2 over the legacy O1=O2= 4: 
· 2% UPT loss was shown for both the schemes of Mode-A and Mode-B in our SLS results of Section 2.2,
· Compared to O1=O2= 4 (legacy), the resulting overhead reduction is very small (only 2-bit) for AP-CSI. For P-CSI even if the 2-bit overhead is reduced, the need is unclear since all the allowed PUCCH formats (2, 3, 4 with 768, 5376, and 336 bits, respectively) has way enough capacity for Mode A and Mode B.

Proposal 6: For the Rel-19 Type-I SP codebook refinement for 48, 64, and 128 CSI-RS ports, for RI=1-4, do not support O1=O2=2.


Regarding k1 and k2 of i1,3 for Rel-19 Type-I SP Scheme-A for RI=1-4

	[116bis] Agreement
For the Rel-19 Type-I single-panel (SP) codebook refinement for 48, 64, and 128 CSI-RS ports, for RI=1-4, support the following:
· Scheme-A (based on Scheme1 in RAN1#116 agreement): Adding new (N1, N2) values for the Rel-15 Type-I single-panel codebook mode-1 (L=1) where 2N1N2 (>32) is the total number of CSI-RS ports across aggregated NZP CSI-RS resources, and for rank-3/4, follow legacy mechanisms for <16 ports
· …. (irrelevant texts are omitted)



As we support new (N1,N2) values for 48, 64, and 128 CSI-RS ports, the table for i1,3 needs to be refined. In our view, the last two columns (yellow highlighted) of the table should be used for all of the newly supported (N1,N2) values due to the following reasons:
· The supported (N1,N2) values satisfy  and , which corresponds to the last two columns of the table.
· The legacy principle for the candidates of k1 and k2 should be used as we agreed for Scheme-A to use the Rel-15 Type-I SP codebook.
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Proposal 7: Regarding Rel-19 Type-I Scheme-A for RI=1-4, the legacy mapping of i1,3 to (k1,k2) for the case of (N1=3,N2=2) should be used for all of the newly supported (N1,N2) values. 


1.2 [bookmark: _Ref158293229]Simulation results 

The SLS results based on the simulation assumptions (in Appendix A) are provided in this section.

Evaluation 1: performance comparison of O1=O2=2 vs O1=O2=4 for Scheme A and Scheme B for RI=1-4

In this evaluation, we compare UPT vs overhead tradeoffs of the Scheme A and Scheme B w.r.t. O1=O2=2 and 4, under the same simulation setup shown in evaluation 1.


The results are shown in Figure 1, Figure 2, Figure 3, and Figure 6 for the following simulation setting: 
· Center frequency: 3.5 GHz
· Number of TRPs per sector = 1 (sTRP setup)
· TRP antenna configuration: 
· 64 ports, (4,16,2,1,1,2,16) or
· 64 ports, (8,8,2,1,1,4,8)
· User rank feedback: dynamic up to rank 4
· 30 UEs randomly dropped per sector and 57 sectors (=2 rings)
· Other detailed assumptions are in Appendix.


The following observations can be made.

Observation 1: for Rel-19 Type-I for RI=1-4, it is shown in our SLS results that the case of O1=O2=2 incurs 2% UPT loss compared to the case O1=O2=4 for both Scheme A and Scheme B.



[bookmark: _Ref163123944]Figure 1


Evaluation 2: statistics of SD basis selection across layer for Scheme-B 

In this evaluation, whether a same SD basis vector is often selected for two different layers for Scheme-B is assessed via SD basis selection statistics across layers collected from system-level simulation performed above. Here, 64-port Scheme-B with (N1,N2)=(16,2) is assumed. Assuming RIMAX=2 and 4, the frequency at which a same SD basis vector is selected across two layers when RI=2 is selected via rank adaptation. As depicted in Figure 2 and Figure 3, such occurrence happens only 25% of the time. In addition, it is observed that for RIMAX=4, the occurrence of selecting a same SD basis vector across >2 layers when RI=3 or 4 is selected via rank adaptation is practically zero. 

Observation 2: for Rel-19 Type-I, the occurrence of selecting a same SD basis vector across two layers when RI=2 is selected via rank adaptation is 25%. In addition, the occurrence of selecting a same SD basis vector across >2 layers when RI=3 or 4 is selected via rank adaptation is practically zero


[bookmark: _Ref163949213]Figure 2
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We further evaluate about SD basis selection statistics when RIMAX=4. Figure 4 and Figure 5 show SD basis selection distributions when RI=4 and 3 selected, respectively. In Figure 4, (1,1,1,1), (2,1,1), (2,2), (3,1), and (4) refer that
· (1,1,1,1) = the case that the four selected SD basis vectors are different, 
· (2,1,1) = the case only two SD basis vectors among the four selected SD basis vectors are the same, 
· (2,2) = the case that two selected SD basis vectors are the same and the other two selected SD basis vectors are the same but are different from the first two SD basis vectors, 
· (3,1) = the case that only three SD basis vectors among the four selected SD basis vectors are the same, and
· (4) = the case that all four selected SD basis vectors are the same,
respectively. Similarly, we use the notations of (1,1,1), (2,1), and (3) when RI=3 selected in Figure 5. As seen in Figure 4 and Figure 5, it is observed that there is no occurrence of selecting a same SD basis vector more than 2 layers (i.e., the cases of (3,1) and (4) for RI=4 selected, and the case of (3) for RI=3 selected). Despite it is observed that there is non-trivial probability that at least two SD basis vectors are the same (e.g., (2,1,1), (2,2) for RI=4 and (2,1) for RI=3), an expected overhead reduction of Alt1 over Alt2 is negligible, calculated based on our SLS result statistics. Here, the expected overhead is calculated as average overhead reduction in co-phase selection in Part 2 – average overhead increase on SD basis selection in Part 1:  
 
, where s is the number of SBs, and s=13 in our evaluation.  

[bookmark: _Hlk166764717]In our SLS evaluations, average overhead reduction Eoverhead_reduction was from 0.41 bits to 7.7 bits (depending on SLS scenarios), which is relatively small compared to total PMI overhead of Scheme-B for SB reporting (>120 bits).


Observation 2-1: for Rel-19 Type-I Scheme-B, it is observed that there is no occurrence of selecting a same SD basis vector more than 2 layers for the both cases of RI=4 and RI=3 selected. Despite it is observed that there is non-trivial probability that at least two SD basis vectors are the same (e.g., (2,1,1), (2,2) for RI=4 and (2,1) for RI=3), an expected overhead reduction was from 0.41 bits to 7.7bits depending on SLS scenarios, which is relatively small compared to total PMI overhead of Scheme-B for SB reporting (>120 bits).
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Evaluation A: Type-I SP RI=5-8 performance comparison of Scheme 1 vs Scheme 3

In this evaluation, the UPT gain vs overhead is assessed for Scheme 1 and Scheme 3 in Figure 6. It is shown that Scheme 3 yields almost 145%, 127%, 127%, and 100% UPT gains compared to Scheme 1, for the cases of RI=5, 6, 7, and 8 fixed, respectively. In other words, it shows that allowing free selection in extended orthogonal SD basis vector set for 2nd, 3rd, 4th SD basis vectors (Scheme 3) makes a huge UPT gain compared to fixing 2nd/3rd/4th SD basis vectors as adjacent orthogonal SD basis vectors (Scheme 1) in the fixed rule, especially for the scenarios with the large number of antenna ports (e.g., 64 ports).  

Observation A: for Rel-19 Type-I SP for RI=5-8, it is observed in our SLS results that Scheme 3 yields almost 145%, 127%, 127%, and 100% UPT gains compared to Scheme 1, for the cases of RI=5, 6, 7, and 8 fixed, respectively. Allowing free selection in extended orthogonal SD basis vector set for 2nd, 3rd, 4th SD basis vectors (Scheme 3) makes a huge UPT gain compared to fixing 2nd/3rd/4th SD basis vectors as adjacent orthogonal SD basis vectors (Scheme 1) in the fixed rule, especially for the scenarios with the large number of antenna ports (e.g., 64 ports).
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CRI-based Reporting
1.3 Key Issues
1.3.1 Issues 6: UCI design

	Proposal 2.A.1: For the Rel-19 CRI-based CSI refinement for up to 128 CSI-RS ports, for M>1,
· Resource-specific RI, i.e. RI is independently calculated and indicated for each of the selected M NZP CSI-RS resources
· 4-bit wideband CQIs are independently calculated and reported across the M selected NZP CSI-RS resources
· 2-bit differential SB CQIs are independently calculated across the M selected NZP CSI-RS resource



We agree with proposal 2.A.1. Common RI across M CSI resources will have very less overhead saving compared to CRI specific RI and in turn could lead to loss of throughput when some resources are rank deficient. In Legacy, 2-bit SB differential CQI are calculated based on 4-bit wideband CQIs for CSI resource. Having differential WB CQI can cause performance degradation while deriving best CQI because of the clipping of WB/SB CQI based on the number of bits for differential CQI. In overall, this will lead to marginal overhead saving at cost of loss in performance.


Proposal 8: For Rel-19 CRI-based CSI refinement, support independent calculation of RI, WB and SB CQIs for each of M selected CSI Resources.

The Following agreement was made in RAN1#116b for reporting of M CRIs:

	[116bis] 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)



The maximum value of KS CSI-RS resources for type I and etype-IIr16 agreed in last meeting is 8 and 4 respectively. And for M it is 4 and 2. With , this there is hardly saving of bits and also can lead to varying payload based on value . To have unified design we can have  bits for  resources as well


Proposal 9: For Rel-19 CRI-based CSI refinement, support indication higher priority MR of M resources and reporting each with  bits 

	[116] 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




Regarding UCI packing, we prefer to have extension after legacy fields for the following reasons:
· The polar encoding is used for channel coding of UCI bits and in polar code, each information bit positions serves different reliabilities, and sequential decoding is assumed. 
· Hence Within in each CSI report, lower fields such as CRI, RI has higher reliability compared to higher fields (PMI and CQI). The decoding results of CRI/RI information can be used to decode LI/PMI/CQI information bits which are placed in subsequent order. Thus proper position of CSI field should be considered based on importance of the CSI contents and decoding performance.
· The target use case for multiple CRI based hybrid beamforming is for higher Multi-user (MU) scheduling opportunities as mentioned in WID. Thus it will be useful to have resource wise order for CSI part 1 and CSI part 2 WB as compared to CSI fields of different resources. That is our preference is to have extension after legacy fields. 

Proposal 10: For Rel-19 CRI-based CSI refinement, regarding UCI reporting on PUSCH and PUCCH for CSI part 1 and CSI part 2 WB, reuse the same order as legacy for multiple CSI fields (CRI, RI, CQI, and PMI) and extension to be followed after legacy fields.

Proposal 11: For Rel-19 CRI-based CSI refinement, regarding UCI reporting on PUSCH for CSI part 2 Sub band, reuse same order of CSI fields as Rel-17 NCJT 


1.3.2 Issues 7/8: UCI omission, CBSR


We prefer to have simple extension of legacy CSI omission rules for CRI based reporting.

Proposal 12: For Rel-19 CRI-based CSI refinement, regarding UCI omission, for each CSI report #n, CSI Part 2 WB/ Group 0 for M CRIs are ordered from strongest to weakest order, followed by CSI Part 2 SB even /Group 1 and Part 2 SB odd /Group 2 following same order as group 0 for CRIs

In Rel-18 CJT etype II, CBSR can be RRC configured for each resource in CSI resource set resulting in CSI-RS resource specific SD beam group restriction and CBSR can be configured to be off for CSI resource. Same can be reused for CRI based reporting. 
  
Proposal 13: For Rel-19 CRI-based CSI refinement, regarding CBSR, reuse legacy CBSR rules for each resource in CSI resource set with option of configurability of CBSR for each of CSI resources.   

CJT calibration (CJTC) 
1.4 Key Issues
1.4.1 Issue 10: Down-selection of candidate values of dynamic range (D/d, FO)

	[116bis] 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
…

Proposal 3.A.1: For the Rel-19 aperiodic standalone CJT calibration reporting, regarding the dynamic range for delay offset reporting Dn,offset, i.e. AD, at least support the following values: {0.5CP, CP}
· Decide, by RAN1#117, whether any of the following candidate values are supported: {0.75CP, 1.5CP, }



We support to unify the same unit of CP, i.e., AD=c.CP, where c>0, and suggest three options for AD:
Option 1: AD = CP
Option 2: AD < CP
Option 3: AD > CP

There are some use cases that option 2 is needed. For example, Rel-18 CJT CSI with Mode 1 can support for the cases having composite delay spread across TRPs within a certain portion of CP length. Or there is another use case to consider PMI frequency granularity (that the NW will use for CJT) for the value of AD, which can also be a portion of CP length.

Option 3 can be used especially for the case having large-delay offset (>CP) across TRPs although its delay spread itself is not exceeding CP. We have identified in our SLS results that this use case sometimes happens and can get performance benefits (UPT improvement) when proper delay compensation is performed. 

Regarding the candidate values of AD, we support AD=0.5CP for option 2 and AD =1.5CP for option 3, respectively, due to the following reasons:
· 0.5 CP is the smallest range among the candidates and provides the finest granularity of delay offset range around 37ns for SCS=15KHz and 18ns for SCS=30KHz when MD=64. The range of 0.5 CP can be useful for not only the use cases described above but also for the use case of TDD TX/RX time-misalignment, since the resolution can cover a tiny time misalignment value that may affect performance in TDD DL/UL phase-offset calibration scenarios.
· Based on the CDF of the delay over all channel model scenarios (RMa, UMa, inter-site/intra-site, D-MIMO scenarios) shown in Figure 7, it is observed that there are not many delays exceeding 2CP (under 0.1%) but still nontrivial delays exceeding 1.5CP (under 3%). So we suggest to use 1.5CP for option 3 rather than 2CP.

[image: ]
[bookmark: _Ref163135734]Figure 7
 
Proposal 14: for Rel-19 CJT-C reporting, regarding the dynamic range for delay offset reporting, i.e., AD, support Proposal 3.A.1 which includes {0.5CP, 1CP}. Also, additionally support 1.5 CP for AD. 

Regarding the candidate values of MD, we support both of them, i.e., {32, 64} to cover various use cases that NW may need.

Proposal 15: for Rel-19 CJT-C reporting, regarding the resolution parameter for delay offset reporting, i.e., MD, support both of the candidate values: {32,64}.


	[116bis] 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, f, f/2, f/4,f/8, 1/(4t), 1/(8t), 1/(16t), 1/(32t), 1/(512t)} where f and t 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}
…

Proposal 3.A.2: For the Rel-19 aperiodic standalone CJT calibration reporting, regarding the dynamic range for frequency offset reporting FOn, i.e. AFO, at least support the following values: {0.1ppm, 0.2ppm}
· Decide, by RAN1#117, whether any of the following candidate values are supported: {0.01ppm, 1/(16t), 1/(32t)}



For the candidate values of AFO, the max range value of frequency error (i.e., 0.05ppm, 0.1ppm) specified in RAN4 is defined in ppm level relative to carrier frequency. In our view, a dynamic range of AFO should cover at least the max range value of frequency error defined in RAN4, i.e., AFO=0.1ppm and 0.2ppm. 
 
Proposal 16: for Rel-19 CJT-C reporting, regarding the dynamic range for frequency offset reporting, i.e., AFO, support Proposal 3.A.2 which includes {0.1ppm, 0.2ppm}. 

Regarding the candidate values of MFO, we support both of them, i.e., {16, 32} to cover various use cases that NW may need.

Proposal 17: for Rel-19 CJT-C reporting, regarding the resolution parameter for frequency offset reporting, i.e., MFO, support both of the candidate values: {16,32}.


1.4.2 Issue 11: whether to support S>1 for PO report

	[[116bis] 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, {n, , n=0, 1, …, N – 1, n≠nref, =0,1,…,-1}, where n, denotes the measured phase offset between the n-th CSI-RS resource/resource set and the reference CSI-RS resource/resource set nref for the -th frequency unit 
·  =1 is supported
· FFS: whether >1 (sub-band reporting) is also supported. For this decision, companies are encouraged to evaluate performance loss without the support of >1 due to phase offset induced by TX-RX timing misalignment. 
…

Proposal 3.B.2: For the Rel-19 aperiodic standalone CJT calibration reporting, when ReportQuantity is ‘cjtc-P’ (DL/UL phase offset), decide, by RAN1#117, whether to also support >1 (sub-band reporting) as follows:
· A sub-band size is selected from {8,16} PRBs 
· FFS: Whether the sub-band size is NW-configured via higher-layer (RRC) signalling or selected (hence reported) by the UE
· Denoting the number of sub-bands within the configured CSI reporting band as NSB-P, and the sub-bands are indexed as {0, 1, …, NSB-P –1}, decide, by RAN1#117, from the following reporting options:
· Opt1: {(n,, n), n=0, 1, …, NTRP – 1, n≠nref}, where n,is the phase offset corresponding to sub-band 0 and the phase offset for sub-band  can be calculated as n, + n
· , where  {[32], [64], [128], [256]}
· Opt2: = NSB-P, i.e. {(n,, n,, NSB-P), n=0, 1, …, NTRP – 1, n≠nref}
· FFS: Whether restriction on the maximum payload size is needed 
· Note: For all the above reporting options, the UE performs measurement over the entire configured CSI reporting band



As seen in our SLS results of Section 4.2, it is observed that WB reporting incurs performance loss (8% loss) compared to the case of SB reporting due to phase drift induced by TX-RX timing misalignment across TRPs, when there exist non-trivial (75ns) timing alignment errors (TAEs) for each TRP. The performance loss becomes negligible when the max TAE is 33ns, so it is identified the SB reporting is needed in scenarios with a certain level of TAE in between 33ns and 75ns exists. Therefore, we support SB phase offset reporting, i.e.,  to compensate for phase drift induced by the TX/RX timing misalignment as well as other practical estimation/noise errors and additional hardware impairments that are unknown to us. 

We can consider two options regarding SB PO reporting for different purposes: 1) reporting PO in a compressed way utilizing linear phase drift in frequency-domain, assuming TX/RX timing misalignment is a main factor to affect, and 2) reporting PO per SB without compression in order to handle non-linear phase drift in frequency-domain, assuming there are additional hardware impairments and other practical estimation/noise errors in addition to TX/RX timing misalignment. For option 1, the SB PO reporting can be compressed by using an initial phase and a phase variation per SB, which should be sufficient to express a linear phase ramp or drift effect induced by TX/RX timing misalignment, whereas for option 2, the SB PO reporting is performed without compression. 

In our view, both of the two options are needed to cover various use cases explained the above. As seen in additional SLS results of Section 4.2, it is observed that Option 1 can nearly achieve Option 2 in the scenario where only TX/RX timing misalignment exists. However, it is also observed that Option 1 performs worse (2% UPT loss) than Option 2 in the scenario where other measurement errors (making phase drift more non-linearity) in addition to TX/RX timing misalignment exist. In this regard, we support both Option 1 and Option 2. 

Proposal 18: for Rel-19 CJT-C reporting, regarding the support of subband phase-offset reporting, i.e., , support Proposal 3.B.2 and support both options 1 and 2 that can be configured by NW via higher-layer signaling.

Regarding the FFS whether SB size is NW-configured or selected by the UE, we prefer NW-configurable SB size as the UE-selected SB-size increases UE complexity and there could be cases that NW explicitly wants to get a SB PO report corresponding to SB size that NW configures. 

Regarding the resolution of the slope for option 1, we don’t see any need to increase the resolution more than 32, as it is identified in our SLS results that 5bit-slope nearly achieves the performance of ideal calibration case. 
 
For option 2, the payload size can be up to 525 bits, which can be achieved when BWP=275 PRBs, SB size=8 PRBs, and NTRP=4, and =32. In our view, this case is a corner case and CJT operation is usually confined to use a smaller bandwidth (e.g., 10MHz for SCS=30 KHZ or 20 MHz for SCS=60 KHz) than the whole maximum supported BWP. Hence, we support a restriction on the maximum payload size to consider common CJT scenarios. We suggest the payload size be maximally 105 bits, which corresponds to the maximum payload size when BWP=20 MHz for SCS=30KHz.

Proposal 19: for Rel-19 CJT-C subband phase-offset reporting, i.e., , support the following:
· NW-configurable SB-size via higher-layer signaling 
· The resolution of slope with  for Option 1
· 105 bits for the maximum payload size for Option 2


1.4.3 Issue 12: QCL/linkage assumption for PO report


In order to properly find relative phase offsets for TDD DL/UL reciprocity across TRPs, the UE has to receive CSI-RS resource using the antenna port/element that is used for transmitting associated SRS resource. If the UE uses an another antenna port/element to receive CSI-RS resource, which is different from the antenna port used for transmitting associated SRS resource, additional phase variation can occur due to the measuring different channel, and this will end up incorrect phase offset calculation. Therefore, we propose: 

Proposal 20: for Rel-19 CJT-C phase-offset reporting, support a linkage between CSI-RS and SRS via a same “UE antenna port”, where the SRS resource (associated SRS) is associated with 1-port CSI-RS resource.


1.4.4 Issues 13/14: Whether to support other joint reporting schemes & timeline, Ocpu, and ARC 

We don’t see any need or use case (e.g., SB PO reporting can cover the use case of D/d+PO) to support other joint reporting schemes (D/d+PO, FO+PO, D/d+FO+PO), given D/d and FO reporting are UE-specific yet PO reporting is TRP-specific. 

Proposal 21: for Rel-19 CJT-C reporting, do not support other joint reporting schemes, i.e., D/d+PO, FO+PO, D/d+FO+PO.

For timeline and Ocpu and ARC, we suggest to reuse or refine based on the legacy timeline, Ocpu, and ARC for Rel-18 TDCP reporting. 

Proposal 22: for Rel-19 CJT-C reporting, regarding timeline and Ocpu and ARC, support to reuse or refine the legacy scheme for Rel-18 TDCP.

1.5 [bookmark: _Ref158833701]Simulation results

The SLS results based on the simulation assumptions (in Appendix B) are provided in this section.

Evaluation 3: SB phase-offset reporting vs WB phase-offset reporting in scenarios where time alignment error exists

For evaluation phase offset reporting, our SLS is modelled as follows:
1. An SRS is measured at NW across all TRPs. 
2. the NW utilizes maximum-ratio beamforming on each TRP, based on the SRS measurement, and then transmits a beamformed (BFed) CSI-RS on each TRP,
3. a UE measures the BFed CSI-RS transmitted from each TRP, and determines relative phase values  for  (assuming TRP 1 is a reference TRP), and reports quantized phase values  for , using x-bit PSK codebook, and;
4. the NW performs calibration using the  quantized phase values to align phases across TRPs, i.e.,  for .

The results are shown in Figure 8 and Figure 9 for the following simulation setting: 
· Center frequency: 2 GHz
· Number of TRPs = 3 (mTRP setup)
· BWP = 10 MHz with SCS=15KHz
· Intra-site inter-cell scenario with ISD=200m 
· TRP antenna configuration: 16 ports, (8,4,2,1,1,2,4)
· SRS/CSI-RS measurement without CE error 
· Random phase  for each TRP
· Other detailed assumptions follow Rel-19 EVM.

In this evaluation, scenarios where time alignment error (TAE) across TRPs exists and is randomly generated from [0, maxTAE] ns for each TRP have been considered in addition to the simulation assumptions described above in order to evaluate whether SB reporting is needed or not w.r.t. the extent of TAE. Figure 8 and Figure 9 show the UPT-gain performance comparison of four cases, in the scenarios with TAE=33 ns and 75ns, respectively, where the four cases correspond to: 1) no calibration, 2) calibration with WB phase-offset reporting using 5 bits, 3) calibration with SB phase-offset reporting (SB-size =16 PRBs) using 5 bits, and 4) ideal calibration. As seen in Figure 8 for the case of max TAE=33ns, the UPT gains for both the cases of WB and SB reporting using 5 bits over the case of no calibration are almost the same as that of ideal calibration case (10%). However, it is observed in Figure 9 for the case of max TAE=75ns that the WB reporting case achieves only 2% UPT gain (over the UPT of no calibration case), whereas the case of SB reporting nearly achieves the UPT gain of ideal calibration (over the UPT of no calibration case). It is identified the SB reporting is needed in scenarios with a certain level of TAE in between 33ns and 75ns exists. 

Observation 3: for CJTC phase-offset reporting, it is identified that the SB reporting is needed in scenarios with a certain level of max TAE in between 33ns and 75ns exists based on the following observations:
· When max TAE=35ns across TRPs, the UPT gains for both the cases of WB and SB reporting using 5 bits over the case of no calibration are almost the same as the UPT gain (10%) of ideal calibration case; 
· When max TAE=75ns across TRPs, the WB reporting case achieves only 2% UPT gain (over the case of no calibration), whereas the case of SB reporting almost achieves the UPT gain (10%) of ideal calibration (over the case of no calibration).
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Evaluation 4: Performance comparison of Option 1 vs Option 2 for SB PO reporting

In this evaluation, we compare the performance of Option 1 (initial phase + slope) and Option 2 (PO reporting per SB), in the scenarios with small/large measurement errors, as shown in Figure 10 and Figure 11, respectively. Here, we consider the maxTAE=65ns. In Figure 10, it is observed that Option 1 nearly achieves the performance of Option 2 and ideal calibration, i.e., the compression utilizing linear phase drift in frequency domain, induced by timing misalignment, works well, especially in the scenario with small measurement errors. On the other hand, in Figure 11, it is shown that Option 1 incurs some performance degradation (2% UPT loss) than Option 2, in the scenario where measurement errors are sufficiently large, because large measurement errors affect that the underlying assumption of linear phase drift for Option 1 doesn’t work well.  

The following observation can be made.

Observation 4: for CJTC phase-offset reporting, it is identified that Option 1 can perform sufficiently well and nearly achieve the performance of Option 2 and ideal calibration in the scenario with maxTAE=65ns, when only small measurement errors exist (without additional hardware impairments). However, when large measurement errors exist, Option 1 incurs some performance degradation (2% UPT loss) than Option 2, because the large measurement errors affect that the underlying assumption of linear phase drift doesn’t work well.
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Conclusion
In this contribution, the following observations and proposals are made: 

Type-I/II

Proposal 1: Regarding Rel-19 Type-I SP codebook for RI=5-8, support Proposal 1.A.1. 


Proposal 2: Regarding the second FFS for Scheme-B for RI=5-8, do not support 4 SD basis vectors for RI=5-6.

Proposal 3: Regarding UCI design for Rel-19 Type-I Scheme-B with RI=1-4, support Proposal 1.B.1/2. 

Proposal 4: for Rel-19 Type-I/II Ocpu and active resource counting,
· Support to relax Ocpu by K or ceil(32/P) for timeline Capability 1 and to reuse the legacy (=1) for timeline Capability 2
· Support to reuse the legacy active resource counting.
For Rel-19 Type-I SP UCI omission rule, support to fully reuse the legacy Type-I UCI omission rule, i.e., no dependency of CSI-RS resource index.

Proposal 5: for Rel-19 Type-I multi-panel codebook, , although resource-specific SD basis selection is clearly superior and facilitates wider use cases, common SD basis selection across all K CSI-RS resources can be considered as described in Proposal 1.E.1.

Proposal 6: For the Rel-19 Type-I SP codebook refinement for 48, 64, and 128 CSI-RS ports, for RI=1-4, do not support O1=O2=2.

Proposal 7: Regarding Rel-19 Type-I Scheme-A for RI=1-4, the legacy mapping of i1,3 to (k1,k2) for the case of (N1=3,N2=2) should be used for all of the newly supported (N1,N2) values. 

Observation 1: for Rel-19 Type-I for RI=1-4, it is shown in our SLS results that the case of O1=O2=2 incurs 2% UPT loss compared to the case O1=O2=4 for both Scheme A and Scheme B.

Observation 2: for Rel-19 Type-I, the occurrence of selecting a same SD basis vector across two layers when RI=2 is selected via rank adaptation is 25%. In addition, the occurrence of selecting a same SD basis vector across >2 layers when RI=3 or 4 is selected via rank adaptation is practically zero

Observation 2-1: for Rel-19 Type-I Scheme-B, it is observed that there is no occurrence of selecting a same SD basis vector more than 2 layers for the both cases of RI=4 and RI=3 selected. Despite it is observed that there is non-trivial probability that at least two SD basis vectors are the same (e.g., (2,1,1), (2,2) for RI=4 and (2,1) for RI=3), an expected overhead reduction was from 0.41 bits to 7.7bits depending on SLS scenarios, which is relatively small compared to total PMI overhead of Scheme-B for SB reporting (>120 bits).
[bookmark: _GoBack]
Observation A: for Rel-19 Type-I SP for RI=5-8, it is observed in our SLS results that Scheme 3 yields almost 145%, 127%, 127%, and 100% UPT gains compared to Scheme 1, for the cases of RI=5, 6, 7, and 8 fixed, respectively. Allowing free selection in extended orthogonal SD basis vector set for 2nd, 3rd, 4th SD basis vectors (Scheme 3) makes a huge UPT gain compared to fixing 2nd/3rd/4th SD basis vectors as adjacent orthogonal SD basis vectors (Scheme 1) in the fixed rule, especially for the scenarios with the large number of antenna ports (e.g., 64 ports).


CRI-based reporting

Proposal 8: For Rel-19 CRI-based CSI refinement, support independent calculation of RI, WB and SB CQIs for each of M selected CSI Resources.

Proposal 9: For Rel-19 CRI-based CSI refinement, support indication higher priority MR of M resources and reporting each with  bits 

Proposal 10: For Rel-19 CRI-based CSI refinement, regarding UCI reporting on PUSCH and PUCCH for CSI part 1 and CSI part 2 WB, reuse the same order as legacy for multiple CSI fields (CRI, RI, CQI, and PMI) and extension to be followed after legacy fields.

Proposal 11: For Rel-19 CRI-based CSI refinement, regarding UCI reporting on PUSCH for CSI part 2 Sub band, reuse same order of CSI fields as Rel-17 NCJT 

Proposal 12: For Rel-19 CRI-based CSI refinement, regarding UCI omission, for each CSI report #n, CSI Part 2 WB/ Group 0 for M CRIs are ordered from strongest to weakest order, followed by CSI Part 2 SB even /Group 1 and Part 2 SB odd /Group 2 following same order as group 0 for CRIs

Proposal 13: For Rel-19 CRI-based CSI refinement, regarding CBSR, reuse legacy CBSR rules for each resource in CSI resource set with option of configurability of CBSR for each of CSI resources.   


CJT calibration (CJTC)

Proposal 14: for Rel-19 CJT-C reporting, regarding the dynamic range for delay offset reporting, i.e., AD, support Proposal 3.A.1 which includes {0.5CP, 1CP}. Also, additionally support 1.5 CP for AD. 

Proposal 15: for Rel-19 CJT-C reporting, regarding the resolution parameter for delay offset reporting, i.e., MD, support both of the candidate values: {32,64}.

Proposal 16: for Rel-19 CJT-C reporting, regarding the dynamic range for frequency offset reporting, i.e., AFO, support Proposal 3.A.2 which includes {0.1ppm, 0.2ppm}. 

Proposal 17: for Rel-19 CJT-C reporting, regarding the resolution parameter for frequency offset reporting, i.e., MFO, support both of the candidate values: {16,32}.

Proposal 18: for Rel-19 CJT-C reporting, regarding the support of subband phase-offset reporting, i.e., , support Proposal 3.B.2 and support both options 1 and 2 that can be configured by NW via higher-layer signaling.

Proposal 19: for Rel-19 CJT-C subband phase-offset reporting, i.e., , support the following:
· NW-configurable SB-size via higher-layer signaling 
· The resolution of slope with  for Option 1
· 105 bits for the maximum payload size for Option 2

Proposal 20: for Rel-19 CJT-C phase-offset reporting, support a linkage between CSI-RS and SRS via a same “UE antenna port”, where the SRS resource (associated SRS) is associated with 1-port CSI-RS resource.

Proposal 21: for Rel-19 CJT-C reporting, do not support other joint reporting schemes, i.e., D/d+PO, FO+PO, D/d+FO+PO.

Proposal 22: for Rel-19 CJT-C reporting, regarding timeline and Ocpu and ARC, support to reuse or refine the legacy scheme for Rel-18 TDCP.

Observation 3: for CJTC phase-offset reporting, it is identified that the SB reporting is needed in scenarios with a certain level of max TAE in between 33ns and 75ns exists based on the following observations:
· When max TAE=35ns across TRPs, the UPT gains for both the cases of WB and SB reporting using 5 bits over the case of no calibration are almost the same as the UPT gain (10%) of ideal calibration case; 
· When max TAE=75ns across TRPs, the WB reporting case achieves only 2% UPT gain (over the case of no calibration), whereas the case of SB reporting almost achieves the UPT gain (10%) of ideal calibration (over the case of no calibration).

Observation 4: for CJTC phase-offset reporting, it is identified that Option 1 can perform sufficiently well and nearly achieve the performance of Option 2 and ideal calibration in the scenario with maxTAE=65ns, when only small measurement errors exist (without additional hardware impairments). However, when large measurement errors exist, Option 1 incurs some performance degradation (2% UPT loss) than Option 2, because the large measurement errors affect that the underlying assumption of linear phase drift doesn’t work well.
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Appendix A

	Parameter
	Value

	Duplex, Waveform 
	FDD (TDD is not precluded), OFDM 

	Multiple access 
	OFDMA 

	Scenario
	Dense Urban (Macro only) is a baseline. 
Other scenarios (e.g. UMi@4GHz 2GHz, Urban Macro) are not precluded.

	Frequency Range
	FR1 only, 2GHz, optional for 4GHz

	Inter-BS distance
	200m 

	Channel model
	According to the TR 38.901 

	Antenna setup and port layouts at gNB
	Companies need to report which option(s) are used between
- 32 ports: (8,8,2,1,1,2,8), (dH,dV) = (0.5, 0.8)λ
- 16 ports: (8,4,2,1,1,2,4), (dH,dV) = (0.5, 0.8)λ
Other configurations are not precluded.

	Antenna setup and port layouts at UE
	4RX: (1,2,2,1,1,1,2), (dH,dV) = (0.5, 0.5)λ for rank > 2
2RX: (1,1,2,1,1,1,1), (dH,dV) = (0.5, 0.5)λ for (rank 1,2)
Other configuration is not precluded.

	BS Tx power 
	41 dBm for 10MHz, 44dBm for 20MHz, 47dBm for 40MHz

	BS antenna height 
	25m 

	UE antenna height & gain
	Follow TR36.873 

	UE receiver noise figure
	9dB

	Modulation 
	Up to 256QAM 

	Coding on PDSCH 
	LDPC
Max code-block size=8448bit 

	Numerology
	Slot/non-slot 
	14 OFDM symbol slot

	
	SCS 
	15kHz 

	Number of RBs
	52 for 15 kHz SCS

	Simulation bandwidth 
	20 MHz for 15kHz as a baseline (optional for 10 MHz with 15KHz), and configurations which emulate larger BW, e.g., same sub-band size as 40/100 MHz with 30kHz, may be optionally considered

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

	MIMO scheme
	SU/MU-MIMO with rank adaptation is a baseline 
For low RU, SU-MIMO or SU/MU-MIMO with rank adaptation are assumed 
For medium/high RU, SU/MU-MIMO with rank adaptation is assumed 

	MIMO layers
	For all evaluation, companies to provide the assumption on the maximum MU layers (e.g. 8 or 12)

	CSI feedback 
	Feedback assumption at least for baseline scheme
. CSI feedback periodicity (full CSI feedback) :  5 ms, 
. Scheduling delay (from CSI feedback to time to apply in scheduling) :  4 ms

	Overhead 
	Companies shall provide the downlink overhead assumption

	Traffic model
	FTP model 1 with packet size 0.5 Mbytes
Other FTP model is not precluded.

	Traffic load (Resource utilization)
	50/70 % for for SU/MU-MIMO with rank adaptation
20% for SU-MIMO with rank adaptation
Companies are encouraged to report the MU-MIMO utilization.

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

	UE receiver
	MMSE-IRC as the baseline receiver

	Feedback assumption
	Realistic

	Channel estimation
	Realistic

	Evaluation Metric
	Throughput and CSI feedback overhead as baseline metrics. 
Additional metrics, e.g., ratio between throughput and CSI feedback overhead, can be used.
Maximum overhead (payload size for CSI feedback)for each rank at one feedback instance is the baseline metric for CSI feedback overhead, and companies can provide other metrics.

	Baseline for performance evaluation
	Rel-15 Type II Codebook is the baseline for performance and overhead evaluation for overhead reduction. (Type I Codebook can be considered at least for performance evaluation)
-        Companies are encouraged to compare the proposed overhead reduction scheme with Rel-15 overhead reduction scheme, 
Rel-15 Type I Codebook is the baseline for performance and overhead evaluation for higher rank codebook. 
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	Parameter
	Value (Intra-cell scenario)
	Value (Inter-cell scenario)

	Duplex, Waveform 
	FDD, OFDM 
	FDD, OFDM 

	Multiple access 
	OFDMA 
	OFDMA 

	Scenario
	RMa (Rural Macro)
N_TRP (#TRPs): 2, 3, 4 (N_TRP is semi-statically chosen based on, e.g. RSRP) for each UE
[image: ]
Outdoor1

	Dense Urban (Macro only)
N_TRP (#TRPs): 2, 3, (N_TRP is semi-statically chosen based on, e.g. RSRP)
[image: ]
Outdoor2 OptA

	Frequency Range
	FR1, 700Hz
	FR1, 2GHz

	Inter-BS distance
	1.7km
	200m

	Channel model
	According to the TR 38.901 

Difference in propagation delays between UE and N_TRP TRPs is taken into account in the composite Channel Impulse Response (CIR) for CJT

	According to the TR 38.901

Difference in propagation delays between UE and N_TRP TRPs is taken into account in the composite Channel Impulse Response (CIR) for CJT


	Number of Rings
	2 rings (57 sectors)
· Each sector has N TRP as a cooperating mTRP set.
	2 rings (57 sectors):
· The three sectors of each site is a cooperating mTRP set.

	Number of UEs per sector
	30
	30

	Antenna setup and port layouts at gNB
	For each TRP,
- 4 ports: (1,2,2,1,1,1,2), (dH,dV) = (0.5, 0.8)λ
- 8 ports: (2,2,2,1,1,2,2), (dH,dV) = (0.5, 0.8)λ
Total #ports in mTRP = N TRP x {4,8}
	For each TRP,
- 8 ports: (4,4,2,1,1,1,4), (dH,dV) = (0.5, 0.8)λ
- 16 ports: (8,4,2,1,1,2,4), (dH,dV) = (0.5, 0.8)λ
- 32 ports: (8,8,2,1,1,2,8), (dH,dV) = (0.5, 0.8)λ 
Total #ports = N_TRP x {8,16,32}


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

	2RX: (1,1,2,1,1,1,1), (dH,dV) = (0.5, 0.5)λ for (rank 1,2) 


	BS Tx power 
	46 dBm for 10 MHz
	41 dBm per TRP for 10 MHz

	BS antenna height 
	25m 
	25m 

	UE antenna height & gain
	Follow TR36.873 
	Follow TR36.873 

	UE receiver noise figure
	9dB
	9dB

	Modulation 
	Up to 256QAM 
	Up to 256QAM 

	Coding on PDSCH 
	LDPC
Max code-block size=8448bit 
	LDPC
Max code-block size=8448bit 

	Numerology
	Slot/non-slot
	14 OFDM symbol slot
	14 OFDM symbol slot

	
	SCS 
	15kHz
	15kHz

	Number of RBs
	52 for 15 kHz SCS
	52 for 15 kHz SCS

	Simulation bandwidth 
	10 MHz 
	10 MHz 

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

	MIMO and scheduling scheme
	MU-MIMO PF scheduling (User Rank 1 or 2 or 3 or 4) 
	MU-MIMO PF scheduling (User Rank 1 or 2 or 3 or 4)

	MIMO layers
	Up to 4
	Up to 12

	CSI feedback 
	Feedback assumption 
· CSI feedback periodicity (full CSI feedback) :  5 ms, 
· Scheduling delay (from CSI feedback to time to apply in scheduling) :  4 ms
	Feedback assumption 
· CSI feedback periodicity (full CSI feedback) :  5 ms, 
· Scheduling delay (from CSI feedback to time to apply in scheduling) :  4 ms

	Overhead 
	Based on Alt1A/B, Alt2, Rel-16 eType-II
	Based on Alt1/B, Alt2B, Rel-16 eType-II

	Traffic model
	FTP model 1 with packet size 0.5 Mbytes
	FTP model 1 with packet size 0.5 Mbytes

	Traffic load (Resource utilization)
	RU 30~40% or 70~80%
	RU 30~40% or 70~80%

	UE distribution
	50% indoor (3km/h), 50% outdoor (120km/h) 
	80% indoor (3km/h), 20% outdoor (30km/h) 

	UE receiver
	MMSE-IRC
	MMSE-IRC

	Feedback assumption
	Realistic
	Realistic

	Channel estimation
	Realistic
	Realistic

	Evaluation Metric
	User perceived throughput and CSI feedback overhead 
	User perceived throughput and CSI feedback overhead
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	Parameter
	Value (Inter-cell scenario)

	Duplex, Waveform 
	FDD, OFDM 

	Multiple access 
	OFDMA 

	Scenario
	Dense Urban (Macro only)
N_TRP (#TRPs): 2, 3, (N_TRP is semi-statically or dynamically chosen based on, e.g. RSRP)


        

(*Each same color indicates each collaborating mTRP set)
Outdoor2 OptA - Inter-site inter-cell scenario 


	Frequency Range
	FR1, 2GHz

	Inter-BS distance
	200m or 500m

	Channel model
	According to the TR 38.901

Difference in propagation delays between UE and N_TRP TRPs is taken into account in the composite Channel Impulse Response (CIR) for CJT


	Number of Rings
	2 rings (57 sectors):
· The three sectors with each same color above is a cooperating mTRP set.

	Number of UEs per sector
	30

	Antenna setup and port layouts at gNB
	For each TRP,
- 8 ports: (4,4,2,1,1,1,4), (dH,dV) = (0.5, 0.8)λ
- 16 ports: (8,4,2,1,1,2,4), (dH,dV) = (0.5, 0.8)λ
- 32 ports: (8,8,2,1,1,2,8), (dH,dV) = (0.5, 0.8)λ 
Total #ports = N_TRP x {8,16,32}


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


	BS Tx power 
	41 dBm per TRP for 10 MHz

	BS antenna height 
	25m 

	UE antenna height & gain
	Follow TR36.873 

	UE receiver noise figure
	9dB

	Modulation 
	Up to 256QAM 

	Coding on PDSCH 
	LDPC
Max code-block size=8448bit 

	Numerology
	Slot/non-slot
	14 OFDM symbol slot

	
	SCS 
	15kHz

	Number of RBs
	52 for 15 kHz SCS

	Simulation bandwidth 
	10 MHz 

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

	MIMO and scheduling scheme
	MU-MIMO PF scheduling (User Rank 1 or 2 or 3 or 4)

	MIMO layers
	Up to 12

	CSI feedback 
	Feedback assumption 
· CSI feedback periodicity (full CSI feedback) :  5 ms, 
· Scheduling delay (from CSI feedback to time to apply in scheduling) :  4 ms

	Overhead 
	Based on Alt1/B, Alt2B, Rel-16 eType-II

	Traffic model
	FTP model 1 with packet size 0.5 Mbytes

	Traffic load (Resource utilization)
	RU 30~40% or 70~80%

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

	UE receiver
	MMSE-IRC

	Feedback assumption
	Realistic

	Channel estimation
	Realistic

	Evaluation Metric
	User perceived throughput and CSI feedback overhead




[bookmark: _Ref158856047][image: ]Table 3: [image: ]Parameter combinations used for the SLS results in Section 4.2
Avg UPT gain (%) vs overhead
(4,16,2)=(M,N,P) with (N1,N2)=(16,2), Rank up to 4, 64 ports
Scheme A with O1=O2=2	33	0.97930804373492109	Scheme A with O1=O2=4	35	1	Scheme B with O1=O2=2	126	1.1026846671115444	Scheme B with O1=O2=4	128	1.1232842256557671	worst overhead (number of bits)

Avg UPT Gain


SD basis selection distribution
when RI=2 selected
(M,N,P)=(4,16,2) with (N1,N2)=(16,2), 64 ports, RImax=2


Different SD vectors selected	Same SD vector selected	0.73912072835612486	0.26087927164387509	


SD basis selection distribution
when RI=2 selected
(M,N,P)=(4,16,2) with (N1,N2)=(16,2), 64 ports, RImax=4


Different SD vectors selected	Same SD vector selected	0.74594822411525052	0.25405177588474948	


SD basis selection distribution
when RI=4 selected
(M,N,P)=(4,16,2) with (N1,N2)=(16,2), 64 ports, RImax=4


(1,1,1,1)	(2,1,1)	(2,2)	(3,1)	(4)	0.29128494244773312	0.64552501761804082	6.3190039934225978E-2	0	0	


SD basis selection distribution
when RI=3 selected
(M,N,P)=(4,16,2) with (N1,N2)=(16,2), 64 ports, RImax=4


(1,1,1)	(2,1)	(3)	0.47804195804195804	0.52195804195804196	0	


Avg UPT gain (%) vs overhead
(4,16,2)=(M,N,P) with (N1,N2)=(16,2), RI=5 fixed, 64 ports

Scheme 1	22	1	Scheme 3	38	2.4520500917186747	



Avg UPT gain (%) vs overhead
(4,16,2)=(M,N,P) with (N1,N2)=(16,2), RI=6 fixed, 64 ports

Scheme 1	22	1	Scheme 3	38	2.274250304418715	



Avg UPT gain (%) vs overhead
(4,16,2)=(M,N,P) with (N1,N2)=(16,2), RI=7 fixed, 64 ports

Scheme 1	21	1	Scheme 3	45	2.2779252814552438	



Avg UPT gain (%) vs overhead
(4,16,2)=(M,N,P) with (N1,N2)=(16,2), RI=8 fixed, 64 ports

Scheme 1	22	1	Scheme 3	45	2.0033079183295013	



Avg UPT Gain (%)
16 ports per TRP, Ideal CSI, max TAE across TRPs=33ns 

No calib	WB reporting, 5bits	SB reporting, 5bits	Ideal calib	100.22442322053216	109.58574067523483	109.96934323782573	110.25468694729395	


Avg UPT Gain (%)
16 ports per TRP, Ideal CSI, max TAE across TRPs=75ns 

No calib	WB reporting, 5bits	SB reporting, 5bits	Ideal calib	100	101.89718193609242	109.61286011869669	110.25468694729395	


Avg UPT Gain (%)
16 ports per TRP, Ideal CSI, max TAE across TRPs=65ns 

No calib	WB reporting	SB Rep-Option 1	SB Rep-Option 2	Ideal Calib	100	104.11125973719413	109.56487528523094	109.84853253599812	110.36312849162012	


Avg UPT Gain (%)
16 ports per TRP, Ideal CSI, large measurement errors existed, max TAE across TRPs=65ns 

No calib	SB Rep-Option 1	SB Rep-Option 2	100	103.30041702730351	105.19513730427256	
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