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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#116-bis (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 Topic 1: Type-I design from the 6 identified schemes, including (O1,O2)/(q1,q2)

	Proposal 1.A.1: 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:
· Mode-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
· Mode-B (based on Scheme2 in RAN1#116bis agreement): Adding new (N1, N2) values where 2N1N2 (>32) is the total number of CSI-RS ports across aggregated NZP CSI-RS resources, and
· W1 structure: 
· For each layer, reuse legacy Rel-16 eType-II SD basis with L=1 to determine the DFT-based SD basis candidates
· For 1<RI≤4, L=1 SD basis vector is independently selected for different layers
· The SD basis selection indication includes layer-common (q1,q2) and  bits for each layer
· Note: This implies that each of the SD basis vectors is selected from a group of N1N2 orthogonal basis vectors
· W2 structure: Layer-specific inter-polarization co-phasing with the alphabet {+1, +j, -1, -j}
FFS (RAN1#116bis): For Rel-19 Type-I SP, whether to support Mode-C based on Scheme5 in RAN1#116 agreement with L=1 for RI=2-4
FFS (RAN1#116bis): For Rel-19 Type-I SP, whether inter-polarization amplitude for Mode-B can also be supported
FFS: Discuss further if Rel-19 Type-I MP extension based on scheme 4 is needed




We support Proposal 1.A.1 based on our SLS results with (N1,N2)=(16,2) and (8,4) of Section 2.2, which show that:
· Mode-B (shown with BPSK, QPSK, and 8PSK co-phasing) provides large gain over Mode-A as well as other candidates. QPSK co-phasing achieves a good trade-off between UPT and overhead. 
· Despite the additional complexity from amplitude and SB vector selection, Scheme 2B and 3 do not offer tangible performance benefit. 
· Scheme 4/6 with segmented SD vector selection isn’t suitable for sTRP/SP as evident from the UPT vs overhead trade-off. Compared to Mode-B, Scheme 4/6 results in much higher PMI overhead while the UPT is lower. Scheme 4/6 may be suited for Type-I MP, but is clearly not for Type-I SP.
· Mode-A and scheme 5 result in lower overhead. Scheme5 provides UPT gain over Mode-A, due to 1) the second SD vector selection from a relaxed candidate set and 2) the Rel-15 Type-I codebook structure for 16 ports when RI=3-4.
· As shown in our Tdoc in [2], Scheme1 mode-2 doesn’t offer tangible benefit over Mode-A (Scheme 1 with mode-1)

Proposal 1: Support Proposal 1.A.1.

	Proposal 1.A.2: 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= 2.




We don’t support Proposal 1.A.2 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 2: 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 legacy value O1=O2= 4


1.1.2 Topic 2: Mapping from CSI-RS resource index/port index per resource and port index to CSI/PMI calculation

	Proposal 1.B: For the Rel-19 Type-I and Type-II codebook refinement for up to 128 CSI-RS ports, regarding the mapping from CSI-RS resource index/port index per resource and port index to CSI/PMI calculation, support NW to configure UE with one of the following mapping methods via higher-layer (RRC) signaling, 
· Mapping method 1: Sequential ordering/indexing within (1st resource, 1st polarization), then (2nd resource, 1st polarization), …, then (Kth resource, 1st polarization), then (1st resource, 2nd polarization), then (2nd resource, 2nd polarization), …, then (Kth resource, 2nd polarization)  
· Mapping method 2: Sequential ordering/indexing within (where K*n2 = N2):
· for the 1st polarization, (1st n2 ports in 1st resource, 1st polarization), (1st n2 ports in 2nd resource, 1st polarization), …, (1st n2 ports in Kth resource, 1st polarization), then (2nd n2 ports in 1st resource, 1st polarization), (2nd n2 ports in 2nd resource, 1st polarization), …, (2nd n2 ports in Kth resource, 1st polarization), … then (N1th n2 ports in 1st resource, 1st polarization), (N1th n2 ports in 2nd resource, 1st polarization), …, (N1th n2 ports in Kth resource, 1st polarization) , 
· and then for the 2nd polarization, (1st n2 ports in 1st resource, 2nd polarization), (1st n2 ports in 2nd resource, 2nd polarization), …, (1st n2 ports in Kth resource, 2nd polarization), then (2nd n2 ports in 1st resource, 2nd polarization), (2nd n2 ports in 2nd resource, 2nd polarization), …, (2nd n2 ports in Kth resource, 2nd polarization), … then (N1th n2 ports in 1st resource, 2nd polarization), (N1th n2 ports in 2nd resource, 2nd polarization), …, (N1th n2 ports in Kth resource, 2nd polarization)
[bookmark: _Hlk163142109]FFS: Exact port indexing within each CSI-RS resource or across K CSI-RS resources





We support Proposal 1.B for the following reasons:
· Port mapping needs to be defined in the specification to avoid ambiguity resulting from aggregating K P-port CSI-RS resources to be used for codebooks (along with the PMI calculation) that assume a “single virtual resource” of K.P. For this main purpose, mapping method #1 is the most natural choice. 
· A secondary use for port mapping is to facilitate sub-array-based co-existence between UEs supporting Rel-19 Type-I SP/Type-II and UEs that don’t. In this case, only a part of the large array (i.e. sub-array) is utilized for servicing “pre-Rel-19” UEs. Such sub-array would correspond to one out of the K CSI-RS resources used in the aggregation, which is also associated with a legacy (N1,N2) value. For this purpose, method #1 accommodates all the newly introduced (N1,N2) values except for (6,4) and (8,8). These two values are accommodated by method #2.  
 



Proposal 3: Support Proposal 1.B. 


1.1.3 Topics 3/4: CMR/IMR restriction

Since the use case of Rel-19 Type-I/II is sTRP, we support to reuse the legacy scheme (Rel-18 CJT) except QCL for CMRs:
· CMRs and IMR rules following Rel-18 Type-II CJT 
· a same/common QCL across all aggregated CSI-RS resources (resource-common QCL)

For Type-II Doppler CSI reporting with AP CSI-RS configuration, the number of CSI-RS resources  in a CSI-RS burst can be configured among the values of {4,8,12}. In Rel-19 Type-II Doppler CSI reporting, due to the aggregated CSI-RS resources , the total number of CSI-RS resources is , which can be up to 48. Configuring the large number of CSI-RS resources is infeasible in most cases especially for .Therefore, we propose to study how to prevent/handle the large number of CSI-RS resources for Rel-19 Type-II Doppler AP CSI reporting.

Proposal 4: 
for Rel-19 Type-I/II CSI reporting, support to reuse the legacy scheme (i.e., Rel-18 CJT) except QCL for CMRs:
· CMRs and IMR rules following Rel-18 Type-II CJT 
· a same/common QCL across all aggregated CSI-RS resources (resource-common QCL)
for Rel-19 Type-II Doppler AP CSI reporting, study how to prevent/handle the large number of CSI-RS resources.


1.1.4 Topics 6/7: Type-II SD basis selection indication design & Type-II CBSR RRC overhead reduction


	[116] Agreement
For the Rel-19 Type-II codebook refinement for up to 128 CSI-RS ports, 
· Fully reuse the legacy Rel-16 eType-II design (and for PS codebook, the Rel-17 FeType-II PS design) for UCI omission rules
· On the supported parameter combinations, decide, by RAN1#116bis, whether further restriction on the the legacy Rel-16 eType-II design (and for PS codebook, the Rel-17 FeType-II PS design) to reduce/limit PMI overhead and/or UE complexity is necessary
· On the definition and detailed design of UCI parameters, fully reuse the legacy Rel-16 eType-II design (and for PS codebook, the Rel-17 FeType-II PS design), except for SD basis selection indication 
· On SD basis selection indication, decide, by RAN1#116bis, whether refinement on the legacy Rel-16 eType-II design (and for PS codebook, the Rel-17 FeType-II PS design) is necessary to reduce UE memory requirements
· On CBSR, decide, by RAN1#116bis, whether refinement on the legacy Rel-16 eType-II design (and for PS codebook, the Rel-17 FeType-II PS design) is necessary to reduce RRC overhead (including moving (N1,N2) configuration out from CBSR IE)
· Further study the rules on CPU occupation, resource counting, and Z2/Z2’ in conjunction with Rel-19 Type-I




On SD basis selection indication, we do not see any need for reducing UE memory requirements. The memory issue can be handled by UE implementation utilizing Vandermonde’s identity (or the Pascal triangle construction) for binomial coefficients with the legacy table, if needed. We support to fully reuse the legacy scheme.

Proposal 5: on SD basis selection indication for Rel-19 Type-II regular and port selection codebooks, we support to fully reuse the legacy scheme.


On CBSR, (N1,N2) configuration is done via configuring CBSR IE for Rel-16 eType-II CSI. Hence, CBSR always needs to be configured to configure (N1,N2) even in the case that NW doesn’t need CBSR, which incurs unnecessary overhead. To avoid the unnecessary overhead, we propose to separate (N1,N2) out from CBSR IE for Rel-19 Type-II CSI, and to have CBSR IE as an optional IE. Also, like Rel-18 CJT CSI, soft amplitude restriction can be removed as the use in real-deployment scenarios is unclear for Rel-19 eType-II CSI as well. Hence, we propose:

Proposal 6: for Rel-19 Type-II, move (N1,N2) configuration out from CBSR IE and remove soft amplitude restriction. 


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 for Rel-19 Type-I candidate methods

In this evaluation, we compare UPT vs overhead tradeoffs of the identified 6 methods, where the identified 6 methods are described in Table 1:
	
	W1: b 
(WB SD vector selection)
	W2: c (or d)
(SB coefficient/beam selection)
	Formulation (ex: RI=2)

	Mode A
	Follows Rel-15 T1 with Mode 1 (L=1)
	Follows Rel-15 T1 with Mode 1 (L=1)
	

	Mode B
	Layer-specific L=1 SD basis selection 
()
	-  for each layer 
	

	Scheme 2B
	
	-  for each layer 
	

	Scheme 3
	Layer-common L=4 SD basis selection ()
	-  for each layer 
- SB basis selection (1 out of L) for each layer
	, 
where .

	Scheme 4/6
	Resource-specific and layer-specific (L=1) SD basis selection 
() for resource 1, () for resource 2
	-  for each resource  
-   for each layer 
where 
 is inter-pol co-phase per resource
 is inter-resource co-phase
	

	Scheme 5
	 selected from  vectors
 selected from  vectors, (a set of extended orthogonal vectors of  ) 
	 common for all layers 
	


[bookmark: _Ref163122954]Table 1


The results are shown in Figure 1, Figure 2, and Figure 3 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, it is shown in our SLS results that
· Mode B > Scheme 2B > Scheme 4/6 > Scheme 3 in performance;
· Scheme 5 incurs lower overhead but significantly lower UPT compared to Mode B;
· Mode A offers a lower overhead option for Type-I SP CB with new (N1,N2);
· Scheme 2B and Scheme 3 perform worse than Mode B, and;
· Scheme 4/6 performs worse than Mode B, since it isn’t suitable for sTRP/SP scenario (although possibly suitable for Type-I multi-panel CB in its construction). 




[bookmark: _Ref158799334]Figure 1



[bookmark: _Ref163123943]Figure 2



Evaluation 2: performance comparison of O1=O2=2 vs O1=O2=4 for Mode A and Mode B 

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

The following observations can be made.

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



[bookmark: _Ref163123944]Figure 3


Evaluation A: performance comparison of Scheme-A with legacy mechanism for <16 ports vs legacy mechanism for >= 16ports

In this evaluation, we compare UPT comparison of Scheme-A with legacy mechanism for <16 ports vs legacy mechanism for  16 ports, under the same simulation setup shown in evaluation 1. Figure 4 and Figure 5 shows the average UPT gains in the cases of RI=3 and 4, respectively. 

The following observations can be made.

Observation A: for Rel-19 Type-I Scheme-A, it is shown in our SLS results that Scheme-A utilizing the legacy scheme for  16 ports incurs UPT loss around 7% and 12% compared to that of Scheme-A utilizing the legacy scheme for < 16 ports, in the case of RI=3 and 4, respectively.


[bookmark: _Ref163752833]Figure 4



[bookmark: _Ref163752834]Figure 5


Evaluation B: performance comparison of Scheme-A, Scheme-B, Scheme-5, and Scheme-B with layer-pairing SD basis selection.

In this evaluation, Scheme-B with layer-pairing SD basis selection was additionally considered to compare its performance with other selected candidate schemes (Scheme-A, Scheme-B, and Scheme-5), under the same simulation setup in evaluation 1. 

The following observations can be made

Observation B: for Rel-19 Type-I, it is shown in our SLS results that 
· Scheme-B with layer-pairing SD basis selection incurs UPT loss around 7% and 5% over Scheme B in different antenna layout scenarios, respectively (i.e., (4,16,2)=(M,N,P) with (N1,N2)=(16,2) and (8,8,2)=(M,N,P) with (N1,N2)=(8,4)); 
· Scheme-B with layer-pairing SD basis selection incurs UPT loss with higher overhead over Scheme 5 (2% loss) in the case of scenario with (4,16,2)=(M,N,P) with (N1,N2)=(16,2).


Figure 6



Figure 7


Evaluation C: performance comparison of Scheme-A, Scheme-B, Scheme-A with L=4, and Scheme-B with L=4.

In this evaluation, Scheme-A with L=4 (with beam selection per SB, i.e. Rel-15 codebook-mode=2) and Scheme-B with L=4 were additionally considered to compare their performance with other selected candidate schemes (Scheme-A and Scheme-B), under the same simulation setup in evaluation 1. To limit even more excessive increase in overhead due to L=4, layer-common L=4 SD basis selection in WB with one of the four vectors selected per layer per SB is assumed.

The following observations can be made.
[bookmark: _GoBack]
Observation C: for Rel-19 Type-I, it is shown in our SLS results that 
· Scheme-A with L=4 (>1) does not yield significant gain over Scheme-A 
· Despite allowing beam selection per SB and increasing PMI overhead by ~100bits, Scheme-B with L=4 (>1) incurs 4% UPT loss over Scheme-B. 



Figure 8



Figure 9

CRI-based Reporting
1.3 Key Issues
1.3.1 Topics 8/9/10: Supported value of X, signaling the value of M, and supported codebook(s)

	Proposal 2.A: For the Rel-19 CRI-based CSI refinement for up to 128 CSI-RS ports, 
· For Rel-15 Type-I Single Panel codebook, M is NW-configured via higher-layer (RRC) signalling with candidate value(s) of {1, …, min(4,KS)}
· The maximum value of M is subject to UE capability
· For Rel-16 eType-II, M=1 is supported
· The maximum value of KS is {1,2,3,4} and subject to UE capability 
· The support for Rel-16 eType-II is a separate UE capability at least from the support for Rel-19 Type-I and Type-II codebook refinements
· FFS (RAN1#116bis): The support for M=2, and if so, the value of M={1, 2} is NW-configured via higher-layer (RRC) signalling, and if additional restriction(s) are needed




We support Proposal 2.A. On supporting M=2 for Rel-16 eType-II-based CRI reporting, due to the complexity for computing  (or ) SVD operations (unlike normal Type-II requiring only 1 SVD), additional restriction is needed to be comparable to the legacy complexity in Rel-16 eType-II. Since the size of SVD is a dominant factor for SVD computational complexity, a maximum number of ports  per resource needs to be restricted. We propose to restrict  up to 16 ports to guarantee its M=2 SVD complexity under the level of the max complexity of Rel-16 eType-II when 32 ports are utilized.


Proposal 7: support Proposal 2.A, and if M=2 for Rel-16 eType-II CRI reporting is supported, restrict a maximum number of ports per resource to 16 


CJT calibration (CJTC) 

1.4 Key Issues
1.4.1 Topics 11/14: Signaling the value of N in relation to NTRP and nref selection

	[bookmark: _Hlk162561946]Proposal 3.A: For the Rel-19 aperiodic standalone CJT calibration reporting, the UE reports for all the configured NTRP NZP CSI-RS resources/resource sets
· FFS (by RAN1#116bis): Whether an ‘invalid’ quantization state/hypothesis is supported for all the types of CJT calibration reporting (already supported as ‘out-of-range’ for the (Dn,offset, dn) reporting)



We support Proposal 3.A. For the FFS, we also prefer ‘invalid’ codepoint in case the RS measurement quality may not be good enough. In this case, the UE can choose ‘invalid’ codepoint to report such a situation.

	[bookmark: _Hlk162562151]Proposal 3.D: For the Rel-19 aperiodic standalone CJT calibration reporting, nref is selected by the UE and reported as a part of the CJT calibration report.




We support Proposal 3.D. The use of delay reporting (D,d) for CJT calibration assumes that NW does not know enough, which implies that NW does not know which TRP has the smallest D. Also, fixed nref incurs 1 extra-bit overhead for each of the (NTRP – 1) TRPs in order to cover an extra range of negative values. For the case of UE reporting nref, it only incurs ceil(log2(NTRP)) bits to report nref, which is less than or equal to (NTRP – 1) bits. 

Proposal 8: support Proposals 3.A and 3.D, and support ‘invalid’ codepoint for all the types of CJT calibration reporting.



1.4.2 Topic 12: Delay reporting scheme: dynamic range, M


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



On whether to include negative range or not, since it can be handled by nref selection by UE, we do not see any need for the range including negative delay values in quantization states. 

For dynamic range AD, one essential value of AD that should be supported is CP length. As seen in our SLS results of Section 4.2, the performance degradation is significant if there are delays exceeding CP length due to ISI, and the degradation can be prevented by delay compensation. With 5-bit quantization, i.e., M=32, it is shown that the performance almost achieves the case of unquantized delay-value feedback for both ISD=200 and 500 scenarios. Hence, based on the SLS results, we propose to include at least (AD,M)=(CP,32) in candidate combos on (AD,M).

Proposal 9: support Alt1 (i.e., range from 0 to AD) and at least to include (AD,M)=(CP,32) in candidate combos on (AD,M).

We prefer to have a small number of candidate combos on (AD,M), which can be configured via higher-layer signaling based on NW’s choice. We think allowing 3 options should be sufficient, which is:
· Option 1: (AD,M)=(CP,32)
· Option 2: for AD <CP, with M<32 
· Option 3: for AD >CP, with M≥32

There is some use case 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, e.g., (CP/a). In this case, NW can select/configure option 2 for this use case. Also, 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. In this case, option 3 can be used for delay compensation. 

In order to find good candidate values of AD, we have plotted the CDF of delay for each of the following scenarios in Figure 10:
· Inter-site inter-cell scenarios with NTRP=4 and ISD=200 (UMa);
· Inter-site inter-cell scenarios with NTRP=4 and ISD=500 (UMa);
· Intra-site inter-cell scenarios with NTRP=3 and ISD=200 (UMa);
· Intra-site inter-cell scenarios with NTRP=3 and ISD=500 (UMa);
· DMIMO scenario with NTRP=4 and ISD=1732 (RMa);
 

Based on the CDF of the delay, there aren’t many delays (under 3%) exceeding 1.5CP, hence we suggest to add AD =1.5CP for option 3, with the same value M for option 1. Also, there are sufficiently many delays (10%~20%) between 0.5 CP length and 1 CP length, we suggest to add AD =0.5CP for option 2, with M=16 (1-bit smaller than Options 1).


Proposal 10: support to allow three options on (AD,M) combos, one of which can be RRC-configured:
· Option 1: (AD,M)=(CP,32)
· Option 2: (AD,M)=(0.5CP,16)
· Option 3: (AD,M)=(1.5CP,32)


[image: ]
[bookmark: _Ref163135734]Figure 10



1.4.3 Topic 13: FO reporting scheme: interval vs value, dynamic range, M

	[116] Agreement
For the Rel-19 aperiodic standalone CJT calibration reporting, given the NTRP configured NZP CSI-RS resources/resource sets and the selected N resources/resource sets, support reporting, in one CSI reporting instance, {FOn , n=0, 1, …, N – 1, n≠nref}, where FOn denotes the measured frequency offset associated with the n-th CSI-RS resource/resource set relative to the reference CSI-RS resource/resource set nref
· For the reference CSI-RS resource/resource set nref, the value of FOnref is assumed 0 and not reported
· FFS (by RAN1#116bis): Whether nref is fixed, NW-configured, or is included in the report (selected by the UE)
· FFS (by RAN1#116bis): whether the UE assumes that the measured and reported per-TRP frequency offsets can include Doppler shift (if existent) associated with the reference CSI-RS resource/resource set nref
· FFS: Measurement resource/resource set for FO reporting 
· Down-select, by RAN1#116bis, from the following
· Alt1. The value of FOn indicates a uniformly quantized FO between –AFO and AFO, or 0 and AFO
· FFS (by RAN1#116bis): supported quantization alphabet(s) (including AFO and resolution) for FOn 
· Alt2. The value of FOn indicates the interval  which the FO falls into
· Alt2A:  is uniformly spaced between -AFO and AFO, i.e.  
· Alt2B:  is uniformly spaced between 0 and AFO, i.e. 
· FFS: whether “out-of-range” value/interval is needed, or whether TRP selection value is needed 
· FFS: If N<NTRP, the rest (NTRP–N) resources/resource sets are indicated with a state “out of range”
· FFS: Detailed UCI design
· FFS: The need for a new QCL assumption
· FFS the unit of AFO: e.g. absolute (e.g. in Hz) or relative (e.g. in ppm/ppb relative to carrier frequency, or fraction of SCS), dependence on RS configuration 



Unlike delay offset reporting, FO can be selected as the nearest value of a quantization alphabet set in implementation. In this case, an interval concept for FO reporting is unnecessary in our view. Also, we do not think a negative range is needed since it can be handled by nref selection from UE.

For the unit 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, and thus we propose to include at least AFO=0.1ppm as candidate value for AFO.
 

Proposal 11: support Alt1 (i.e., quantized value) and range from 0 to AFO, and support at least to include AFO=0.1ppm in candidate value on AFO. Also, support ppm for the unit of AFO.


1.4.4 Topic 15: Phase reporting support

	[bookmark: _Hlk162562165]Proposal 3.E: 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,m n=0, 1, …, N – 1, n≠nref, m=0,1,…,M-1}, where n,m 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 m-th frequency unit 
· M=1 (i.e. wideband reporting) is supported
· FFS: whether M>1 (sub-band reporting) is also supported depending on, e.g. the extend of DL/UL timing misalignment (cf. use case 3.3) 
· The value n,m indicates a uniformly quantized phase between –A and A, or 0 and A
· FFS: supported quantization alphabet(s) (including A and resolution) for n,m 
· FFS: Detailed UCI design




We support Proposal 3.E. In our view, M=1 is enough under the agreed EVM and RAN4 spec definition on time misalignment, since 65ns time misalignment does not result in non-trivial phase drift across frequency domain. 

Regarding the range of A, to the best of our knowledge, it is statistically unknown (since it can’t be measured) and safe to assume the whole space of phase value, i.e., [0,2] for preventing any issue. Under the assumption, our SLS results (Section 4.2) show that 4-bit quantization is sufficient to nearly achieve the ideal calibration case. 


Proposal 12: for phase offset reporting, 
· support Proposal 3.E;
· support M=1 only – the extend of the time misalignment across TRPs needs to be discussed/studied to justify the support of M>1;
· support only one dynamic range having the whole space of phase value, i.e., [0,2], and support include 4-bit quantization


1.5 [bookmark: _Ref158833701]Simulation results

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

Evaluation 3: performance comparison of delay compensation based on (D,d) reporting.

In this evaluation, we compare UPT vs overhead tradeoffs of the three methods to evaluate use case 2 of delay-offset reporting, where the three methods are as follows:
· Without CJT-D (delay) reporting for reference
· With CJT-D reporting (d value only) for reference: TRP selection reporting only, where TRPs are selected when their delay spreads do not exceed CP
· With CJT-D reporting ((D,d) reporting), delay compensation: three 4-bit/5-bit/infinity-bit quantization cases for D value
· Based on the report, the NW compensated for delay offset for each of the TRPs not exceeding CP (identified by the second value) and exclude the TRPs exceeding CP so that the composite delay spread is fit within a CP length.

In addition to the three methods, the UPT performance without ISI modeling was also plotted as a reference (an upper bound). 

The results are shown in Figure 11 and Figure 12 for the following simulation setting: 
· Center frequency: 2 GHz
· Number of TRPs = 4 (mTRP setup)
· Inter-site inter-cell scenario with ISD=200m or 500m
· TRP antenna configuration: 16 ports, (8,4,2,1,1,2,4)
· User rank feedback: dynamic up to rank 2
· Number of UEs per cluster (per mTRP set): 1 
· Full buffer traffic
· Other detailed assumptions follow Rel-19 EVM and are in Appendix B.

The parameter combinations used for the SLS results (the case of ) are described in Table 4 of Appendix B.

The following observations can be made.

Observation 3: the performance of 5-bit quantization for D almost achieves that of the unquantized D value reporting. 




[bookmark: _Ref163133992]Figure 11


[bookmark: _Ref163133994]Figure 12




Evaluation 4: performance comparison of phase offset reporting w.r.t. different number of bits for quantization

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 13 for the following simulation setting: 
· Center frequency: 2 GHz
· Number of TRPs = 3 (mTRP setup)
· 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.


The following observations can be made.

Observation 4: the performance of 4-bit quantization for phase offset value almost achieves that of the ideal calibration case.

[image: ]
[bookmark: _Ref163134618]Figure 13


Conclusion
In this contribution, the following observations and proposals are made: 

Type-I/II

Proposal 1: Support Proposal 1.A.1.

Proposal 2: 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 legacy value O1=O2= 4

Proposal 3: Support Proposal 1.B. 


Proposal 4: 
for Rel-19 Type-I/II CSI reporting, support to reuse the legacy scheme (i.e., Rel-18 CJT) except QCL for CMRs:
· CMRs and IMR rules following Rel-18 Type-II CJT 
· a same/common QCL across all aggregated CSI-RS resources (resource-common QCL)
for Rel-19 Type-II Doppler AP CSI reporting, study how to prevent/handle the large number of CSI-RS resources.

Proposal 5: on SD basis selection indication for Rel-19 Type-II regular and port selection codebooks, we support to fully reuse the legacy scheme.


Proposal 6: for Rel-19 Type-II, move (N1,N2) configuration out from CBSR IE and remove soft amplitude restriction. 

Observation 1: for Rel-19 Type-I, it is shown in our SLS results that
· Mode B > Scheme 2B > Scheme 4/6 > Scheme 3 in performance;
· Scheme 5 incurs lower overhead but significantly lower UPT compared to Mode B;
· Mode A offers a lower overhead option for Type-I SP CB with new (N1,N2);
· Scheme 2B and Scheme 3 perform worse than Mode B, and;
· Scheme 4/6 performs worse than Mode B, since it isn’t suitable for sTRP/SP scenario (although possibly suitable for Type-I multi-panel CB in its construction). 

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

Observation A: for Rel-19 Type-I Scheme-A, it is shown in our SLS results that Scheme-A utilizing the legacy scheme for  16 ports incurs UPT loss around 7% and 12% compared to that of Scheme-A utilizing the legacy scheme for < 16 ports, in the case of RI=3 fixed and RI=4 fixed, respectively.

Observation B: for Rel-19 Type-I, it is shown in our SLS results that 
· Scheme-B with layer-pairing SD basis selection incurs UPT loss around 7% and 5% over Scheme B in different antenna layout scenarios, respectively (i.e., (4,16,2)=(M,N,P) with (N1,N2)=(16,2) and (8,8,2)=(M,N,P) with (N1,N2)=(8,4)); 
· Scheme-B with layer-pairing SD basis selection incurs UPT loss with higher overhead over Scheme 5 (2% loss) in the case of scenario with (4,16,2)=(M,N,P) with (N1,N2)=(16,2).

Observation C: for Rel-19 Type-I, it is shown in our SLS results that 
· Scheme-A with L=4 (>1) does not yield significant gain over Scheme-A. 
· Despite allowing beam selection per SB and increasing PMI overhead by ~100bits, Scheme-B with L=4 (>1) incurs 4% UPT loss over Scheme. 


CRI-based reporting

Proposal 7: support Proposal 2.A, and if M=2 for Rel-16 eType-II CRI reporting is supported, restrict a maximum number of ports per resource to 16 


CJT calibration (CJTC)

Proposal 8: support Proposals 3.A and 3.D, and support ‘invalid’ codepoint for all the types of CJT calibration reporting.


Proposal 9: support Alt1 (i.e., range from 0 to AD) and at least to include (AD,M)=(CP,32) in candidate combos on (AD,M).


Proposal 10: support to allow three options on (AD,M) combos, one of which can be RRC-configured:
· Option 1: (AD,M)=(CP,32)
· Option 2: (AD,M)=(0.5CP,16)
· Option 3: (AD,M)=(1.5CP,32)

Proposal 11: support Alt1 (i.e., quantized value) and range from 0 to AFO, and support at least to include AFO=0.1ppm in candidate value on AFO. Also, support ppm for the unit of AFO.


Proposal 12: for phase offset reporting, 
· support Proposal 3.E;
· support M=1 only – the extend of the time misalignment across TRPs needs to be discussed/studied to justify the support of M>1;
· support only one dynamic range having the whole space of phase value, i.e., [0,2], and support include 4-bit quantization

Observation 3: the performance of 5-bit quantization for D almost achieves that of the unquantized D value reporting.

Observation 4: the performance of 4-bit quantization for phase offset value almost achieves that of the ideal calibration case.
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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. 




Appendix B
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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



[bookmark: _Ref118446604]Table 3: EVM for Type II C-JT 
	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 4: [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
Mode A with O1=O2=4	35	1	Mode A with O1=O2=2	33	0.97930804373492109	Mode B with O1=O2=4 (BPSK, QPSK, 8PSK)	76	128	180	1.1141779169447152	1.1232842256557671	1.1241722704173296	Mode B with O1=O2=2 (BPSK, QPSK, 8PSK)	74	126	178	1.0896668548842461	1.1026846671115444	1.1089471793029104	worst overhead (number of bits)

Avg UPT Gain


Average UPT gain (%) - Scheme-A
(8,8,2)=(M,N,P) with (N1,N2)=(8,4), Rank=3 fixed, 64 ports

Legacy mechanism for 	<	16 ports	Legacy mechanism for 	>	=16 ports	1	0.93094440807694245	


Average UPT gain (%) - Scheme-A
(8,8,2)=(M,N,P) with (N1,N2)=(8,4), Rank=4 fixed, 64 ports

Legacy mechanism for 	<	16 ports	Legacy mechanism for 	>	=16 ports	1	0.8767957609763154	


Avg UPT gain (%) vs overhead
(4,16,2)=(M,N,P) with (N1,N2)=(16,2), Rank up to 4, 64 ports
Scheme A	35	1	Scheme B (BPSK, QPSK, 8PSK)	76	128	180	1.1141779169447152	1.1232842256557671	1.1241722704173296	Scheme 5	43	1.0668497510394743	Scheme B - layer-pairing SD basis selection (QPSK)	66	1.0364560340844924	worst overhead (number of bits)

Avg UPT Gain


Avg UPT gain (%) vs overhead
(8,8,2)=(M,N,P) with (N1,N2)=(8,4), Rank up to 4, 64 ports
Scheme A	35	1	Scheme B (BPSK, QPSK, 8PSK)	76	128	180	1.0717517383779189	1.0757750584520087	1.0779461330580271	Scheme 5	43	1.0046710999099182	Scheme B - layer-pairing SD basis selection (QPSK)	66	1.0176823652061258	worst overhead

Avg UPT Gain


Avg UPT gain (%) vs overhead
(4,16,2)=(M,N,P) with (N1,N2)=(16,2), Rank up to 4, 64 ports
Scheme A	35	1	Scheme B (BPSK, QPSK, 8PSK)	76	128	180	1.1141779169447152	1.1232842256557671	1.1241722704173296	Scheme A with L=4	59	1.0283968995431445	Scheme B with L=4 (BPSK, QPSK)	176	228	1.0559468199784405	1.0677839946614649	worst overhead (number of bits)

Avg UPT Gain


Avg UPT gain (%) vs overhead
(4,16,2)=(M,N,P) with (N1,N2)=(16,2), Rank up to 4, 64 ports
Scheme A	35	1	Scheme B (BPSK, QPSK, 8PSK)	76	128	180	1.1141779169447152	1.1232842256557671	1.1241722704173296	Scheme A with L=4	59	1.0283968995431445	Scheme B with L=4 (BPSK, QPSK)	176	228	1.0559468199784405	1.0677839946614649	worst overhead (number of bits)

Avg UPT Gain


Average UPT Gain vs overhead
(16 ports per TRP, Inter-site inter-cell scenario with ISD=200)
with ISI modeled in CSI-RS/PDSCH reception

ISI not modelled (Upper bound)	175	259	315	483	585	921	262.77928677823536	267.74810224385271	270.13612865711355	270.64750722859901	270.20463108257729	273.38043538867163	Delay compensation with CJTC-D report using (D,d) with unquantization for D	175	259	315	483	585	921	259.46568108138251	261.43950678253668	262.0998383024143	262.50049783739439	266.70463506527648	267.87953131596345	Delay compensation with CJTC-D report using (D,d) with 4-bit quantization for D	175	259	315	483	585	921	246.06150880574785	247.71910819400523	251.82208486335358	252.97786415809722	254.99948224910986	256.81320344423824	Delay compensation with CJTC-D report using (D,d) with 5-bit quantization for D	175	259	315	483	585	921	257.1636809698669	260.48604860486051	261.91185490230436	261.85928327346011	265.10438654484915	266.74924129581103	 TRP selection with CJTC-D report using only d value (TH=CP)	175	259	315	483	585	921	201.80177309766378	203.73497526743827	204.28777391013435	205.48497327608871	213.14927952972286	212.84898401344557	without CJTC-D report	175	259	315	483	585	921	100	99.136550823223928	101.8623101248178	100.7798124945238	103.84250814461977	102.48998351162551	overhead (number of bits)


Avg UPT Gain (%)




Average UPT Gain vs overhead
(16 ports per TRP, Inter-site inter-cell scenario with ISD=500)
with ISI modeled in CSI-RS/PDSCH reception

ISI not modelled (Upper bound)	175	259	315	483	585	921	238.74726237406924	240.4564169951818	243.55059132720109	244.21462987297414	246.94699956197988	247.60140166447658	Delay compensation with CJTC-D report using (D,d) with unquantization for D	175	259	315	483	585	921	227.73806395094178	226.8217257993868	232.65615418309244	232.69995619798513	235.3552343407797	237.39903635567239	Delay compensation with CJTC-D report using (D,d) with 4-bit quantization for D	175	259	315	483	585	921	221.99036355672362	221.57862461673238	227.99737187910645	228.52562417871226	232.24529128339904	233.23434077967588	Delay compensation with CJTC-D report using (D,d) with 5-bit quantization for D	175	259	315	483	585	921	226.89268506351294	225.85895751204558	232.05694261936051	231.53131844064831	234.49934296977665	234.3048620236531	TRP selection with CJTC-D report using only d value (TH=CP)	175	259	315	483	585	921	145.49540078843629	147.71528690319755	148.61410424879546	150.42750766535261	152.00700832238286	153.70214629872976	without CJTC-D report	175	259	315	483	585	921	100	101.19316688567675	102.39246605343848	102.57993867717916	105.311432325887	105.7240473061761	overhead (number of bits)


Avg UPT Gain (%)




Avg UPT gain (%) vs overhead
(4,16,2)=(M,N,P) with (N1,N2)=(16,2), Rank up to 4, 64 ports
Mode A	35	1	Mode B (BPSK, QPSK, 8PSK)	76	128	180	1.1141779169447152	1.1232842256557671	1.1241722704173296	Scheme 2B	128	1.1157846106462705	Scheme 3 (BPSK, QPSK)	176	228	1.0559468199784405	1.0677839946614649	Scheme 4/6	168	1.0603665109593963	Scheme 5	43	1.0668497510394743	worst overhead (number of bits)

Avg UPT Gain


Avg UPT gain (%) vs overhead
(8,8,2)=(M,N,P) with (N1,N2)=(8,4), Rank up to 4, 64 ports
Mode A	35	1	Mode B (BPSK, QPSK, 8PSK)	76	128	180	1.0717517383779189	1.0757750584520087	1.0779461330580271	Scheme 2B	128	1.0719136833368761	Scheme 3 (BPSK, QPSK)	176	228	1.0299243919472869	1.0439376916770413	Scheme 4/6	168	1.0386238727112622	Scheme 5	43	1.0046710999099182	worst overhead

Avg UPT Gain
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