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This contribution provided a summary for the offline discussion on Rel-19 CSI enhancements. 


Priority for RAN1#116bis
	
	Issue
	Topic

	1
	Type-I/II 
	Decide Type-I design from the 6 identified schemes, including (O1,O2)/(q1,q2) 

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

	3
	
	CMR restriction: legacy or refined

	4
	
	IMR restriction: legacy or refined

	5
	
	Type-II supported parameter combinations: identical vs restricted (subset) of legacy

	6
	
	Type-II SD basis selection indication design

	7
	
	Type-II CBSR RRC overhead reduction

	8
	CRI-based
	Supported value(s) of X

	9
	
	Signaling the value of M: RRC or UE-selected or combo

	10
	
	Supported codebook(s)

	11
	CJT calibration 
	Signaling the value of N in relation to NTRP: N=NTRP or NW-determined or UE-selected

	12
	
	Delay reporting scheme: dynamic range, M

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

	14
	
	Delay and FO reporting: nref selection

	15
	
	Phase reporting support

	
	
	



1. Type-I/II 

	
	Issue
	Topic

	1
	Type-I/II 
	Decide Type-I design from the 6 identified schemes, including (O1,O2)/(q1,q2) 

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

	3
	
	CMR restriction: legacy or refined

	4
	
	IMR restriction: legacy or refined

	5
	
	Type-II supported parameter combinations: identical vs restricted (subset) of legacy

	6
	
	Type-II SD basis selection indication design

	7
	
	Type-II CBSR RRC overhead reduction




Table 1A Type-I/II 
	Topic
	Moderator comments and proposals

	1
	[116] Agreement
For the Rel-19 Type-I codebook refinement for up to 128 CSI-RS ports, at least for RI=1-4, study and decide, by RAN1#116bis, from the following:
· Scheme1 (baseline): Adding new (N1, N2) values for the Rel-15 Type-I single-panel codebook where 2N1N2 (>32) is the total number of CSI-RS ports across aggregated NZP CSI-RS resources
· FFS: Whether to further down-select between mode-1 (L=1) and mode-2 (L=4) 
· FFS: For rank-3/4, follow legacy mechanisms for <16 ports, or for >=16 ports
· Scheme2: Adding new (N1, N2) values where 2N1N2 (>32) is the total number of CSI-RS ports across aggregated NZP CSI-RS resources, and
· W1 structure: 
· For each layer, reuse legacy Rel-16 eType-II SD basis with L=1 to determine the DFT-based SD basis candidates
· FFS: Whether the indication of selected SD basis indices follows Rel-16 eType II or Rel-15 Type I
· For 4≥RI>1, L=1 SD basis vector is independently selected for different layers
· FFS: SD basis selection restriction to reduce SD overhead for RI>4
· W2 structure: Layer-specific inter-polarization M-PSK co-phasing where M is further down-selected from {2, 4, 8, 16} 
· FFS: Common SD vector selection for a pair of layers (reduced total number of bits for SD basis vector selection); layer multiplexing via orthogonal polarization co-phasing for the layer pairs with common SD vector (reduced number of bits for co-phasing indication for the layer pairs with common SD vector).
· FFS: Additional support for L>1
· Scheme2B: Adding new (N1, N2) values where 2N1N2 (>32) is the total number of CSI-RS ports across aggregated NZP CSI-RS resources, and
· W1 structure: 
· For each layer, determine L=1 DFT-based SD basis candidate 
· FFS: Whether the indication of selected SD basis indices follows Rel-16 eType-II or Rel-15 Type-I 
· For 4≥RI>1, L=1 SD basis vector is independently selected for different layers
· FFS: Common SD vector selection for a pair of layers (reduced total number of bits for SD basis vector selection), SD basis selection restriction to reduce SD overhead for RI>4
· W2 structure: 
· Option 1: Layer-specific inter-polarization amplitude and phase scaling (single scaling coefficient per polarization) 
· FFS: WB/SB amplitude and phase reporting. 
· Option 2: Layer-specific intra-polarization (two scaling coefficients per polarization) amplitude and phase scaling. 
· FFS: WB/SB amplitude and phase reporting.
· FFS: Rel-15 3-bit WB amplitude and M-PSK co-phasing and M is further down-selected from {2, 4, 8, 16}.
· Scheme3: Adding new (N1, N2) values where 2N1N2 (>32) is the total number of CSI-RS ports across aggregated NZP CSI-RS resources, and
· W1 structure: 
· Reuse legacy Rel-16 eType-II SD basis with L>1 to determine the DFT-based SD basis candidates, and indication of SD basis indices follows Rel-16 eType-II
· For 4≥RI>1, L>1 SD basis vectors are commonly selected across layers
· FFS: SD basis selection restriction to reduce SD overhead for RI>4
· W2 structure: 
· Option 1: Layer-specific sub-band SD basis selection (1 out of L) and inter-polarization M-PSK co-phasing where M is further down-selected from {2, 4, 8, 16}
· Option 2: Layer-specific wideband SD basis linear combination and inter-polarization scaling coefficient (e.g., amplitude scaling + M-PSK co-phasing) where M is further down-selected from {2, 4, 8, 16}
· Scheme4: Using legacy Rel-15 Type-I codebook including legacy (N1, N2) values per NZP CSI-RS resource (or port group) where the PMI (associated with W1 and W2) is calculated according to
· W1 structure: Reuse legacy Rel-15 Type-I SD basis with L=1 or L=4 for either each or some of the NZP CSI-RS resources (or port groups)
· W2 structure: inter-NZP CSI-RS resource (or port group) co-phasing along with reusing legacy Rel-15 Type-I inter-polarization co-phasing per NZP CSI-RS resource (or port group)
· inter-CSI-RS resource (or port group) co-phasing is used to combine the different PMIs to come up with a single precoder with >32 ports
· Scheme5: Adding new (N1, N2) values where 2N1N2 (>32) is the total number of CSI-RS ports across aggregated NZP CSI-RS resources, and extending the set of orthogonal beams for the selection of the second beam based on the Rel-15 Type-I single-panel codebook
· (i1,1, i1,2) is used to refer to the 1st beam as in legacy Rel-15 Type-I
· The 2nd beam is selected from the extended set of orthogonal beams of size: 
· FFS: whether to apply any restrictions to the extended orthogonal set of beams
· Scheme6: Adding new (N1, N2) values where 2N1N2 (>32) is the total number of CSI-RS ports across aggregated NZP CSI-RS resources, and 
· Beam(s) is(are) selected for each antenna group or NZP CSI-RS resource. 
· Inter-group (or CSI-RS resource) co-phasing along with inter-polarization co-phasing per group (or CSI-RS resource) are used to combine different beam(s), FFS using scalar quantization or vector quantization for the co-phasings 
FFS (by RAN1#116bis): Down-select (O1, O2) value between (2,2) and (4,4), whether (O1, O2) and/or (q1, q2) is layer-common or layer-specific
FFS (by RAN1#116bis): Whether extension of Rel-15 Type-I MP codebook for Rel-19 Type-I is also supported
FFS (by RAN1#116bis): Whether to introduce larger L values (e.g. 6, 8, 10) 
FFS: Whether to refine CBSR design to reduce RRC overhead


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


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



Q1.1: For RI=1-4 ONLY (to focus discussion), please share your view on your preferred scheme(s) and provide technical justification (SLS results can be included if available)
· If your preference includes Scheme1, please share your view on the two highlighted FFS points (keeping L=1 only, and revise RI=3-4 design to be of similar structure to RI=1-2)

Q1.2: For Rel-19 Type-I, please share your view (with technical justification) on whether the legacy (O1,O2)=(4,4) or, instead, (O1,O2)=(2,2), should be used 
· This holds regardless of your preferred scheme(s)

This is the current situation
Type-I SP:
· Proposal 1.A.1: Qualcomm, Samsung, Ericsson, Huawei/HiSi, MediaTek, vivo, OPPO, NTT DOCOMO (max 2 modes), Spreadtrum, Lenovo/MotM (max 2 modes), IDC, ZTE (ok), Intel, CMCC (max 2 modes), AT&T, Google (ok), Fujitsu, Sharp, Xiaomi, Apple, 
· Scheme3: ZTE (1st pref)
· Scheme1 with >16ports RI=3-4 + Scheme4: CATT
Type-I MP: 
· Legacy: Qualcomm
· Scheme4: MediaTek, Fujitsu
· Scheme6: CATT, Fujitsu
· No: Apple 

O1=O2=2 (Proposal 1.A.2): ZTE, Qualcomm, vivo, Spreadtrum, Google (high rank), Apple, Ericsson, MediaTek 
O1=O2=4: Samsung, Intel, CMCC, Google (low rank), Sharp, vivo (open), NTT DOCOMO,OPPO
O1=O2=2 or 4 configurable by gNB: Huawei/HiSi


FL assessment: 
· Type-I SP is an “economy“ scheme. Introducing features such as amplitude scaling, linear combination, and sub-band beam selection (legacy mode-2 Type-I) would result in unnecessarily higher complexity 
· Due to the underlying mTRP/MP structure, Scheme4/6 isn’t suitable for Rel-19 Type-I SP extension. If Rel-19 Type-I MP  extension is supported, it can be a candidate for such.


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


Proposal 1.B: For the Rel-19 Type-I and Type-II codebook refinement for 48, 64, and 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)
FFS: Exact port indexing within each CSI-RS resource or across K CSI-RS resources
FFS: Whether the following is also supported: 
· Mapping method 3 (for K=4): Sequential ordering/indexing within (where N1=2*n1, N2 = 2*n2):
· for the 1st polarization, (1st n2 ports in 1st resource, 1st polarization), (1st n2 ports in 2nd resource, 1st polarization), then (2nd n2 ports in 1st resource, 1st polarization), (2nd n2 ports in 2nd resource, 1st polarization), …, then (n1th n2 ports in 1st resource, 1st polarization), (n1th n2 ports in 2nd resource, 1st polarization),
· for the 1st polarization, (1st n2 ports in 3rd resource, 1st polarization), (1st n2 ports in 4th resource, 1st polarization), then (2nd n2 ports in 3rd resource, 1st polarization), (2nd n2 ports in 4th resource, 1st polarization), then (n1th n2 ports in 3rd resource, 1st polarization), (n1th n2 ports in 4th 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), then (2nd n2 ports in 1st resource, 2nd polarization), (2nd n2 ports in 2nd resource, 2nd polarization), … then (n1th n2 ports in 1st resource, 2nd polarization), (n1th n2 ports in 2nd resource, 2nd polarization),
· and then for the 2nd polarization, (1st n2 ports in 3rd resource, 2nd polarization), (1st n2 ports in 4th resource, 2nd polarization), then (2nd n2 ports in 3rd resource, 2nd polarization), (2nd n2 ports in 4th resource, 2nd polarization), then (n1th n2 ports in 3rd resource, 2nd polarization), (n1th n2 ports in 4th resource, 2nd polarization), 


Q2.1: Please share your view on mapping between CSI-RS resource index/port index per resource and port index for CSI/PMI calculation
· Given the WID scope, CSI-RS enhancement beyond the legacy (e.g. new density, new pattern, new CDM type) is clearly out of scope (OOS). 


	5
	[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


Conclusion 1.E: For the Rel-19 Type-II codebook refinement for 48, 64, and 128 CSI-RS ports, there is no consensus on removing any of the Parameter Combinations supported by the legacy Rel-16 eType-II (regular), Rel-18 Type-II Doppler (regular), and Rel-17 FeType-II PS. Therefore, all the legacy Parameter Combinations are supported. 


Q5.1: For Rel-19 Type-II, please share your view on whether all the legacy PCs or only a subset of them should be supported (if so, please be specific) for: 1) Rel-16 eType-II based (out of 8 legacy PCs), 2) Rel-18 Type-II Doppler based (out of 9 legacy PCs), 3) Rel-17 FeType-II PS based (out of 8 legacy PCs):
· Per WID, if there is no consensus on supporting only a subset (or which subset), all the legacy PCs will be supported by default. 
· Per WID, new PCs are clearly OOS. 

This is the current situation
· Most companies are open to reducing the number of supported PCs, but only Lenovo has a specific proposal on removing the highest PC to reduce max overhead.
· Huawei has (non-negotiable) strong concern on removing any of the higher PCs due to performance reason.
· Per WID scope for Obj 2b, PC optimization is OOS. The discussion was started as a courtesy check to ensure there is no critical issue for Rel-19. And there doesn’t seem any. Due to the lack of consensus, the outcome is full reuse of legacy PCs.






Table 1B Type-I/II: inputs from companies
	Company
	Input

	Mod V0
	Please share your views on the offline questions in TABLE 1A

	Orange
	To ensure that SLS between companies are aligned with respect to power normalization for “Scheme2B” and “Scheme3” relying on amplitude scaling, the following power backoff mechanism should be discussed. 
The total transmit power is limited by P, using the current precoder normalization  
   each layer is given the maximum power P.  Assuming that each TXRU cannot transmit more than    where  is the number of TXRUs then the power to each layer must be reduced to  with 

The total power back off is , i.e., the total transmit power is reduced effectively with respect to the precoder choice with amplitude scaling (that changes in time).  
 
For example, if you take antenna selection, the total power available must be divided by  since only one TXRU can transmit. 

[Mod: Thanks for the good comment. From FL perspective, I can affirm that the said back-off/normalization was pointed out since Rel-10 LTE (where non-constant-modulus CB was already discussed) and agreed to be implemented in evaluation especially SLS to ensure fair comparison among different CB designs.  

@All who plan to perform SLS evaluation: please take heed of the above reminder from Orange/Raphael]


	Samsung
	Topic 1: Our SLS results (below, with (N1,N2)=(16,2) and (8,4), respectively) show that:
· Scheme2 (shown with BPSK, QPSK, and 8PSK co-phasing) provides large gain over Scheme1 as well as other candidates. QPSK co-phasing achieves the best balance between UPT and overhead, although BPSK is sufficient. 
· Despite the additional complexity from amplitude and LC, Scheme2B and 3 do not offer tangible performance benefit. 
· Scheme4/6 (designed with mTRP/MP in mind), as expected, isn’t suitable for sTRP/SP as evident from the UPT vs overhead trade-off
· Scheme1 and 5 result in lower overhead. Scheme5 provides UPT gain over Scheme1, most likely due to the strange Rel-15 Type-I codebook structure for RI=3-4 >=16 ports
· As shown in R1-2400728 (Athens), Scheme1 mode-2 doesn’t offer tangible benefit over Scheme1 mode-1 (L=1)
Therefore, considering both UPT and overhead, for the agreed P=48, 64, and 128 ports, our preference is to support the following 2 “new modes” for Rel-19 Type-I SP:
· Low-overhead: Scheme1 mode-1 (L=1) with RI=3-4 following the design of <16 ports
· Also open to consider the support of Scheme5 L=1 for RI=3-4 as well, if necessary 
· High-performance: Scheme2 with free selection of SD basis vector (L=1) per layer, selected among N1N2 orthogonal vectors with a layer-common (q1,q2)

We support the legacy O1=O2=4. We fail to see any benefit of reducing O1/O2: 
· Overhead reduction is small for AP-CSI. For P-CSI even if 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 Scheme2 (let alone Scheme1 and 5).
· As studied since Rel-13 LTE, reducing O1/O2 results in UPT loss

We are open to further discuss whether Rel-19 Type-I MP is supported based on Scheme4 (or 6) s long as performance benefit is observed in MP scenarios.



 

Topic 2: It is unclear to us how “co-existence” with pre-Rel-19 UEs is facilitated or ruled out from the simple natural legacy mapping in 38.214, which is PortIndex_PMI = ResourceIndex*NumPorts_perResource + PortIndex_perResource. Therefore, we prefer such natural mapping.

Topic 5: We are open to remove higher PCs to limit UE complexity increase.


	ZTE
	@orange: Regarding your comment, please see our reply below:
· The issue of unbalanced power across different TXRUs already exists for Type-II/eType-II codebooks. Please see the following example for an 8-Tx BS.
· Whether each TXRU can or cannot transmit more than   power should depend on ‘BS capability’ or BS implementation. There is no need to introduce such strong restriction of transmitting power on each TXRU.
· In our simulation, the transmitting power is kept same across different layers, i.e., the precoding vector for each layer is normalized.

[image: ]
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TXRU Tx power across subbands across layers

Q1.1:
Our first preference is scheme3, which aims to provide guaranteed MU-MIMO performance with acceptable overhead. Our SLS results (see below) show that scheme 3 outperforms legacy Type-I (scheme 1) with significantly higher DL throughput. For the sake of low overhead and computational complexity, scheme can be supported. However, to our understanding, the SD bases should be selected from an orthogonal SD basis group, and we prefer to further check whether the inter-polarization amplitude can further provide throughput gain. Besides, we are open to discuss codebook refinement for MP.

Throughput gain (64 ports) in MU-MIMO scenario with Type-I, enhanced Type-I (scheme 3) and eType-II codebooks

Q1.2:
Support (O1, O2) = (2, 2) for P > 32. As the antenna ports increase, the beam width becomes narrower, then the performance gain provided by bigger oversampling factor becomes less significant. Base on our SLS results (see below), (O1, O2) = (2, 2) can provide similar performance as (O1, O2) = (4, 4), while (O1, O2) = (4, 4) costs more reporting overhead.

Throughput gain (Type-I) in SU-MIMO scenario with 1, 2- and 4-time oversampling
Q2.1:
We are open to discuss the ‘co-existence’ of Rel-19 Ues and pre-Rel-19 Ues.

Q5.1:
We are open to discuss the PCs selection to balance the overhead and performance.


	Qualcomm
	Q1.1 Our inputs to several questions:
· Scheme1’s two FFS points:
· Legacy mode-2 (L=4): Not implemented by us for Rel-15, and OK not to have it for Rel-19.
· Beam segmentation of legacy rank-3/4 when # ports >=16: We observe some loss with beam segmentation, compared to the normal case w/o segmentation. Therefore, we prefer to follow the normal way of <16ports (i.e. no beam segmentation).
· (O1,O2): (4,4) v.s. (2,2)
With larger number of ports e.g. 64/128, our preliminary evaluation (not with all the schemes, although, but mainly with scheme2) shows small gain of (4,4) over (2,2) – but the gain of (2,2) over non-oversampled case is still significant. (Will provide evaluation results in our contribution later.)
Therefore, we prefer (O1,O2)=(2,2) for Rel-19 Type-I.
· Type-I-MP: We are not motivated to have multi-panel codebook, since we haven’t observed any deployment of Rel-15 Type-I-MP in field.
But we can understand that, with larger number of ports, phase coherence may be more difficult to guarantee. Therefore, we are open to listen to the need of Type-I-MP from infra side.
If Type-I-MP is to be supported, we prefer to fully reuse legacy MP mode-1 (similar as our preference of Scheme1 for SP case).
· Specifically, we don’t see the need of panel-specific SD basis selection (as may be hinted by Scheme4/6 – if I don’t get it wrongly) – Our understanding of obj a/b is for sTRP (in contrary to CJT mTRP deployment).

Q2.1
From our CSI community perspective, it may not motivate a need of resource sharing with a “sub-panel,” i.e. ports per CSI-RS resource mapped as a sub-panel.
However, we still see such motivation from NES (Network Energy Saving) perspective.
Under Rel-18 NES, a CSI report SubConfig can apply a subset of ports via bitmap (RRC IE: portSubsetIndicator-r18 under CSI-ReportSubConfig).
If ports of each resource are mapped as each sub-panel in Rel-19, it is expected to also save energy/power for UE side, since some certain CSI-RS resource(s)’ receiving can be skipped. – In contrary, if the subset of ports are distributed across the K resources, UE still need to receive all CSI-RS resources for a report of SubConfig.
Therefore, we propose to study port indexing to facilitate mapping b/w CSI-RS resource and sub-panel.

Q5.1
For either Rel-16 eType-II or Rel-18 Type-II-Doppler (regular, not PS), PCs have nothing to do with # ports, and it may be better simply not to touch legacy PCs.
As for Rel-17 FeType-II-PS, we are open to discuss the reduction of PCs. For example, =1 for 48/64-port seems too much to have L=P/2=24 or 32.

	Qualcomm
	Q1.1: Some additional inputs – sorry seems I forgot to mention the asked scheme preference from the first place. 

Our first preferred scheme is the basic Scheme1, due to the reasons: (1) Already provide significant gain (at least 30% of 64port over 32, and up to 145% for 128port over 32); (2) A simple reason of fast time-to-market by leveraging existing chipset implementation as much as possible.

Then according to our post-RAN1#116 evaluations (will show detailed results in our contribution), Scheme2 additionally provides certain gain over Scheme1. This can be intuitively understood as “releasing” the restricted SD selection from a “neighborhood” defined in Rel-15, to fully free within an orthogonal group. 
· For Rel-15 beam “neighborhood” defined in Table 5.2.2.2.1-3(rank2)/-4(rank3,4), N1-dimension is restricted with a neighborhood of at most 2O1 when N2>1
· The FoV can be as small as about only 15 for 2 beams with 2O1 spatial interval (e.g. b/w beam#0 and #2 in the following figure with N1=16)
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· By removing such “FoV restriction” according to Scheme2, codebook can be more adaptive to multi-paths distributed with larger FoV
The cost may to some additional UE complexity on beam strength sorting: To sort out the first one or more strongest beams to formulate a PMI of rank1 or higher. The increased UE complexity can be reasonable from UE implementation perspective, since the sorting of beam strength is already a common sense in Type-II.

Therefore, to summarize, we propose:
· Scheme1 as a basic mode of Rel-19 Type-I-SP, for a fast commercialization;
· Scheme2 can be considered as an enhanced mode of Rel-19 Type-I-SP, and leave implementation more time for further performance improvement.

	Ericsson
	On the issue raised by Orange, we agree with the response from FL that it is important to take into account such backoff for fair comparison between schemes.

Q1.1
On this issue, Scheme 1 can be considered as a basic mode.   Scheme 1 is important for fast commercialization.  Early results indicate that Scheme 2 can provide additional gains and hence Scheme 2 can be considered an advanced mode in Rel-19.  So in summary, we are fine with the following:
· Scheme 1 as a basic mode for Rel-19 Type I CSI
· Scheme 2 as an advanced mode for Rel-19 Type I CSI

On the FFSs related to Scheme 1, we are fine to down-select mode-1 (L=1) for Rel-19.  On the second FFS related to scheme 1, we are still evaluating and will provide our view later.

Q1.2
We are still running simulations for this and will provide our view later on this issue.


Q2.1

We prefer a simple port indexing scheme where ports along the first polarization are indexed sequentially across aggregated resources and then the ports along the second polarization are indexed sequentially.  It is unclear why such a simple scheme cannot work for co-existence.  Furthermore, from the Justification section of the WID, availability of new frequency bands is a major motivation for enhancements related to large antenna arrays in this agenda.  In such new frequency bands, there is no legacy Ues anyway.  So, we don’t see the need to optimize the port indexing for co-existence.


Q5.1
We are open to discuss selecting a subset of PCs.

	MediaTek
	Q1.1
In our view, Type-1 CB should avoid additional complexity/overhead from, e.g., linear combination, subband beam selection, and amplitude scaling. Therefore, Rel-19 Type-I-SP, we share similar view with SS, QC, and E/// that:
· Scheme 1 as a basic mode for Rel-19 Type-I SP
· Scheme 2 as an advanced mode for Rel-19 Type-I SP

Regarding the details of Scheme 1, we support L = 1 only and make CB for rank ¾ with > 16 CSI-RS ports the same as <= 16 CSI-RS ports.
In addition to Rel-19 Type-I SP, we prefer to support Rel-19 Type-I for MP (multi-panel) case. Since Rel-19 CSI enhancement is envisioned to cater to deployments of thousands of antenna elements in upper FR1 bands and/or new frequency bands, such large number of antennas may be infeasible to be placed in a single panel, due to higher complexity of circuit routing and cooling requirements. Instead, deployments could start with placements involving a mix of co-located and largely spaced multiple panels. In such cases, a joint SD beam is not the optimal choice and inter-panel phases need to be taken care. Although Rel-18 developed Type II codebooks suited for such deployments, a low complexity, low overhead Type I codebook design would accelerate the adoption of higher port transmission by the whole ecosystem. In summary, we prefer to support Scheme 4 as Rel-19 Type-I MP (simulations will be provided later).
Q1.2
We are still running simulations for this and will provide our view later on this issue.
Q2.1:
We are open to discuss the ‘co-existence’ of Rel-19 Ues and pre-Rel-19 Ues.
Q5.1
We are open to discuss selecting a subset of PCs.

	OPPO
	Q1.1/Q1.2:
Based on our analysis and evaluation, we have the following observations below:
· Scheme 1 should be the baseline scheme, which can provide considerable gain with low feedback overhead. 
· Scheme 2 can provide better performance than Scheme 1. However, the gain mainly comes from layer-specific SD basis without restriction, and the gain from layer specific co-phasing is very small.
· There is some gain (about 5%) by (O1,O2)=(4,4) over (2,2). However, the additional overhead is just 2 bits, which are acceptable.
Hence, our proposals are summarized below:
· Scheme 1 should be the supported as baseline.
· Scheme 2 can be considered, and layer-specific SD basis with legacy co-phasing is preferred. 
· For scheme 1, L=1 only is preferred considering the large number of beams for 128 ports.
· (O1,O2)=(4,4) can be supported though the gain is not significant.

Q2.1:
We think the mapping used in Rel-18 CJT codebook can be reused. 

Q5.1:
We are fine to consider a subset of the PCs. 

	Vivo
	Issue 1
1.1
Our observation on the proposed schemes:
· Scheme 2B and Scheme 3 need amplitude scaling coefficient and/or multiple SD bases for one layer, which significantly increase overhead and complexity of Type I CB. They look like Type II more.
· The CB structure of Scheme 4 is similar to that of Scheme 6 and can be considered as a candidate design for Scheme 6. 
· Scheme 5 seems to be an extension of Scheme 1, i.e., the number of candidates of i1,3 is increased.
· According to SLS results, when rank is selected btw 1 and 2, similar performance is achieved btw schemes. When rank is selected btw 3 and 4, Scheme2 has higher performance over other Schemes. Scheme 6 overhead is higher than scheme 2 to achieve similar performance.
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Hence we support Scheme 1 and Scheme 2 to be selected.
1.2
We support (O1,O2) = (2,2).
According to following SLS results, (O1,O2) = (2,2) has negligible performance loss over (O1,O2) = (4,4) and can save 2 bits for PMI payload when q1 and q2 is layer-common. Needless to say (2, 2) also has benefit to reduce UE complexity.
[image: ]
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Issue 2
In legacy network, for CSI report based on codebooks, CSI-RS is usually shared among Ues in a cell, which could effectively reduce RS overhead. Legacy Ues should also be served by a Rel-19 gNB supporting > 32 ports with multiple CSI-RS resources. Therefore, it is crucial to control the RS overhead by allowing Rel-19 Ues supporting >32 ports and legacy Ues supporting ≤ 32 ports to share same CSI-RS. For example, one of the multiple resources forming >32 ports can be configured to legacy Ues.
One candidate CSI-RS port mapping based on companies’ input is the first half of multiple CSI-RS resources corresponds to one antenna polarization, and the other half corresponds to the other polarization, which is depicted below.
[image: ]
The issue of this mapping approach is the CSI-RS resources cannot be shared for the legacy Ues that do not have the capability to measure CSI-RS with > 32 ports, as one resource can only cover one polarization of the antenna array.
Hence to keep the current codebook structure and enable resource sharing between Rel-19 and legacy Ues, we think a more proper mapping of CSI-RS ports is as follows.
[image: ]
Hence our proposal of the CSI-RS mapping is in each CSI-RS resource, the first half of CSI-RS ports corresponds to one antenna polarization and the other half corresponds to the other polarization. That is, the first polarization contains the first half of ports from each of the aggregated resources, and the second polarization contains the second half of ports from each of the aggregated resources.

Issue 5
We are open to select a subset of legacy PCs to reduce the number of configurations.


	NTT DOCOMO
	Q1.1:
On candidate schemes,
· Scheme 1 should be baseline.
· There is no need to support two codebook modes and two codebook structures. 
· It is sufficient to support codebook mode 1 only, and follow codebook structure for <16 ports only, which is also aligned with codebook design for all layers.
· For other schemes,
· Scheme 3 considers multiple SD beams per layer, which is not Type-I based codebook anymore in our views.
· Scheme 4 and Scheme 6 consider PMI feedback per-CSI-RS resource which is more aligned multi-TRP or multi-panel structure.
· Scheme 2 and Scheme 2B mainly consider independent SD beam selection per layer and layer-specific inter-polarization, which could be beneficial for performance improvement for larger port number. But the need to consider additional amplitude scaling in Proposal 2B is not clear.
· In Scheme 5, the SD beam selection per layer seems to be in-between Scheme 1 and Scheme 2. But a special consideration on candidate SD beams may be not a good design direction.
· Thus, from analysis above, we think Scheme 2 can be further considered as enhancement.

Q1.2:
We’ll provide our views later.

Q2.1:
First, we think the sharing of K legacy CSI-RS resources (for >32 ports CSI-RS resource) with legacy Ues should be considered.
Second, each CSI-RS resource should correspond to antenna ports from two polarizations, just like legacy (N1, N2) configurations for legacy port number.

Q5.1:
We are fine to select a subset of the PCs.

	Orange @ZTE

	The impact on the performance of eType-II vs. Type I of the power normalization with or without TXRU power constraint is significant. Find below the performance difference based on the simulation setting of paper reference:
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Since Type-I is foreseen for border cell UE in low SINR region, this power normalization is important to agree on.
From a UE perspective, we see an interoperability issue. It is specified in TS38.214 that the IE “powerControlOffset” gives the ratio of PDSCH EPRE to NZP CSI-RS EPRE when the UE derives the CSI feedback. Knowing the (total) PDSCH EPRE , the UE must assume a power back-off/normalization per TXRU/Antenna Port based on an assumed maximum EPRE per TXRU/Antenna Port, i.e.,  .

	Huawei, HiSilicon
	Q1.1, for RI=1-4 only, we are fine to support scheme 1 as a baseline scheme, and also be fine with scheme 2 as one additional scheme for better performance with moderate increasing of UE complexity.

Q1.2, as shown in below results, there is about 8% gain gap between (2,2) and (4,4). Considering there is limited increase of overhead, (4,4) is preferred.
[image: ]

For Q2.1, our understanding is that the mapping of CSI-RS ports between legacy resources and 128-port resources depends on the mapping of antenna layout, i.e., the (N1, N2) of legacy CSI-RS resources and 128-port CSI-RS resources. And the co-existing with legacy Ues is important considering the large overhead for 128 CSI-RS ports.
· A straightforward mapping is to split the 128-port antenna panel into several 24/48-port antenna sub-panels. We compared the performance of legacy Ues using the 32-port CSI-RS resource with splits in horizontal dimension (N1=2, N2=8) or in vertical dimension (N1=8, N2=2), assuming an antenna (N1=8, N2=8). As shown in the following figure, the split of (N1=8, N2=2) has better performance. Therefore, the split of antenna elements in vertical dimension to preserve as much as resolution in horizontal domain is preferred.
[image: ] [image: ]

· However, simply splitting the antenna into multiple sub-panels has a drawback of reduced power for legacy Ues, because the legacy Ues using one of the 32-port CSI resources can only use ¼ of antenna elements and ¼ of total power.
To resolve this issue, the 32-port CSI-RS resources can be beam formed by the 128-port antenna as shown below, where the 4 antenna elements in one column are formed into one port in one 32-port CSI-RS resource.  The precoders that pre-code the 4 antenna elements into one port in 32-port CSI-RS resource can be pre-defined or configured as shown in the figure. In this way, the legacy Ues can also utilize all transmission power of the base station, so the negative impact to legacy Ues can be avoided.
[image: C:\Users\y00835494\AppData\Roaming\eSpace_Desktop\UserData\y00835494\imagefiles\43C6ED88-D275-48D5-BF80-411935A33388.png]

For Q5.1, we are fine to discuss it, but we have strong concern on potential sacrificing the performance, e.g. by reducing the combinations of L=6 for type-II regular, or alpha=1 for type-II PS codebook.


	Samsung
	· Corrected typo (Scheme 2A  Scheme 2B) in our 1st response.
· Regarding Q1.2, our additional SLS results show that the performance of O1=O2=2 is worse (~2% UPT loss) than that of O1=O2=4 in the performance of UPT vs overhead tradeoff. We fail to see any benefit of reducing O1/O2 from the UPT-vs-overhead tradeoff perspective. 




	InterDigital
	Q1.1: We are open to support scheme 1, however it would still make sense to support Scheme 4 as well. In our view, the smaller codebook size of Scheme 4 makes it a more practical choice. Scheme 6 seems redundant, and it can be dropped. In our view, Scheme 4 should be the baseline, and Scheme 1 be per UE capability.

	Mod V16
	Issue 1: Added proposal 1.A.1 and 1.A.2 based on the inputs so far (bracketed parts may need more inputs/discussion)

Issue 2: proposal 1.B will be made once I receive more inputs 

Issue 5: Since the default is legacy (per WID scope for Type-II), given strong concern from Huawei on removing higher PC numbers, we may conclude legacy  conclusion 1.E

	Spreadtrum
	Proposal 1.A.1: Our preference is mode-A only. Considering that many companies support mode-B, we are fine to have it as an additional mode with further optimization. 
Proposal 1.A.2: Support the motivation of reducing UE complexity without losing too much performance gain.
Proposal 1.B: Different UEs can have idfferent CSI-RS resource configurations, we don’t see the issue of “co-existence” with pre-Rel-19 UEs. We prefer consecutive port index for all ports within a CSI-RS resource.
Conclusion 1.E: More discussion maybe needed since there’s no clear understanding on the performance and overhead of the current PCs for Rel-19 Type-I CB.

	Lenovo/ MotM
	Issue 1:
Our first preference is Scheme 2, whereas the FL proposal with two modes is a second preference (only if consensus cannot be reached on one scheme). We do not support three modes. 
We also prefer to limit the scope to Type-I SP codebook. The Type-I MP codebook should be deprioritized. For mPanel/mTRP deployment, higher resolution precoding is needed and Type-II CJT codebook already supports up to 128 ports. 

Issue 2:
We agree with the FL assessment regarding the need to discuss the port mapping to ensure legacy UEs can be co-configured along with Rel-19 UEs. In our understanding, this can be achieved if each ports corresponding to different CRIs form identical uniform planar arrays, i.e., with respect to N1,N2 scaling value per resource. For instance, concatenating the CSI-RS port index per resource with order of multiple CSI-RS resources in the CMR can be used, similar to Type-II CJT codebook

Issue 5:
Our preference is to omit parameter combinations yielding significant numbers of coefficients under 128 ports. For instance, PC 8 in Rel-17 FeType-II PS codebook yields up to 192 coefficients under 64 ports (up to 1344 bits to represent the coefficients amplitude and phase values). 

	Mod V20
	Minor update on proposal 1.A.1 and 1.A.2 (removing brackets) and summary of companies’ views

Still need more views for proposal 1.B


	Intel
	Issue 1:
· Q1.1: We are fine to support Scheme 1 and Scheme 2 as two modes.
· Q1.1: We support current formulation of Scheme 1 (Mode-A) in Proposal 1.A.1.
· We agree that L = 1 only should be supported due to small performance difference with much simpler L = 1 design with lower overhead. 
· For rank 3-4, we support Rel-15 codebook design corresponding to # of port < 16 due to simplicity and ability to streamline CSI calculation for different ranks.
· Q1.1: For Scheme 2 (Mode-B) in Proposal 1.A.1.
· The PMI overhead is a linear function of RI (plotted below for 2N1N2 = 64 CSI-RS ports and 13 subbands).  
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· Since RI is determined at the UE, in most cases gNB will allocate enough resources to carry the maximum possible PMI overhead. Thus, in our view it is essential to lower the overhead of rank 3-4 and make it comparable to rank 1-2 like it is done for Type II PMI codebooks. 
· To solve the problem of large overhead for Rank 3-4, common SD vector selection for a pair of layers can be used with layer multiplexing via orthogonal polarization co-phasing for the layer pairs with common SD vector according to the FFS in the agreement from the last RAN1 meeting (PMI overhead plotted below for 2N1N2 = 64 CSI-RS ports and 13 subbands). 
[image: ]
· As it can be seen from the above figures, maximum PMI overhead is two times lower for beam selection per pair of layers. Thus, we propose to continue discussion on the following FFS for Mode-B with rank 3-4. 

· FFS: For rank 3-4, common SD vector selection for a pair of layers (reduced total number of bits for SD basis vector selection); layer multiplexing via orthogonal polarization co-phasing for the layer pairs with common SD vector (reduced number of bits for co-phasing indication for the layer pairs with common SD vector).
[EO] This would contradict the “free selection” principle of Mode-B hence causing UPT loss. However, your proposal should be considered for RI=5-8 design where # codewords in a CB isn’t as important.
 
· Q1.2: Considering very low overhead difference (2 bits) between cases with (O1,O2) = (2,2) and (O1,O2) = (4,4), we don’t see strong need to decrease the oversampling values. For the issue of PMI search complexity, as PMI search is up to UE implementation, a UE may consider doing down sampling, if needed, to reduce PMI search complexity and still pass RAN4 tests. 

Issue 2:
We are open to discuss co-existence issue.

Issue 5:
We are fine with the FL assessment and proposed conclusion.


	CMCC
	Proposal 1.A.1: 
Support Mode-A and Mode-B, but we don’t think a third scheme is needed. As for Type-I MP extension, we are open for that as long as Type-I SP is in good shape.

Proposal 1.A.2: 
In legacy, [O1, O2] = [4,1] or [4,4], and based current simulations, it seems the performance of [O1, O2] = [4,4] is better than [2,2] with only 2 bits additional overhead, so we think [O1, O2] = [4,4] should be supported.

Proposal 1.B: 
The co-existence issue should be considered considering the CSI-RS overhead. Since the CSI-RS port is mapped to the physical gNB antenna port, one simple way is for each CSI-RS resource, the first half of CSI-RS ports corresponds to one antenna polarization and the other half of these CSI-RS ports corresponds to the other polarization, like R18 CJT CB. In addition, this kind of mapping is much friendlier if the number of CSI-RS resources number is an odd number, i.e. 3.

Conclusion 1.E:
Support.

	AT&T
	Issue 1:
· Type I SP codebook have relatively low resolution & simple structure. We recommend to maintain the low complexity/overhead and conclude with single mode for Rel-19 Type I codebook
·  We are ok with Proposal 1.A.1

Issue 2:
· Support Proposal 1.B

Issue 5:
· We are ok with Conclusion 1.E


	Google
	Issue 1:
Proposal 1.A.1: We support Mode-A. We understand the Mode-B can provide some performance benefit compared to Mode-A. But similar or better performance gain can be observed from eType2 CSI as well. Therefore, we are a bit uncertain on the necessity to introduce the mode-B. The benefit for Mode-B could be minor compared to eType2 CSI. If the SD basis can be per-polarization, there might be some benefit compared to eType2 CSI. 

Proposal 1.A.2: We support (O1, O2) = (4, 4) for low rank case. (O1, O2) can be considered for high rank case.

Issue 2:
We think the port reindexing should consider the CSI-RS shared by legacy UE and R19 UE. How the port for the CSI-RS resource is indexed depending on how the NW transmits the CSI-RS to the R19 UE. One possible way is to configure the port index for each CSI-RS resource, similar to port subset indicator. We suggest the following proposals:
Support the NW to configure the port index for each CSI-RS among the 2N1N2 ports for the CSI measurement and report based on similar approach as port subset indicator in Rel-18.
[Mod: This is a good proposal. As long as we limit the number of options – based on vivo/Qualcomm/Huawei analysis, 2 seems enough]

Issue 3:
OK with conclusion 1.E. 



	Fujitsu
	Proposal 1.A.1: 
Support both Mode 1 and Mode 2. In addition, we support refinement for Type I MP, and scheme 4/6 can be as the starting point. 
Proposal 1.B: 
In R18 CJT/ Rel-15 MP, the continuous port indexes are configured in each resource and each panel. Similarly as R18 CJT/ Rel-15 MP, we think the simple indexing similar as R18 CJT/ Rel-15 MP can be considered. 
Conclusion 1.E:
Support.

	Sharp
	Proposal 1.A.1
We support Mode A and OK with Mode B. Furthermore, we support O1=O2=4 to keep the flexibility. Even if O1=O2=4, the complexity can be reduced by CBSR.
Proposal 1.B
Currently, we don’t see the issue of ‘co-existence’ of Rel-19 UEs and pre-Rel-19 UEs. In our view, each CSI-RS resource can consist of antenna ports with consecutive indexes.
Conclusion 1.E
Support.

	Xiaomi
	Issue1:
For Proposal 1.A.1, at least Mode-A should be supported. The performance gain of Mode-B is expected compared with Mode-A. But, the total overhead of Mode-B is almost twice as much as Mode-A. eType II may also obtain similar or more benefit with the similar overhead. However, the computation complexity of eType II codebook is much higher than Mode-B. Hence, we are fine to further discuss whether to support Mode-B through considering tradeoff between performance, overhead and complexity. 

Issue2:
For Proposal 1.B, we support consecutive port index across all CSI-RS resources. 

Issue3:
We are fine with Conclusion 1.E. 

	CATT
	Topic 1：
Q1.1: Support scheme 1，fine with L=1, keep  >16 ports (antenna grouping) structure for RI=3-4
Proposal 1.A.1: For Rel-19 type I SP, support mode-A but for rank-3/4, keep >16 ports (antenna grouping) structure, and scheme 6. For Rel-19 type I MP, support scheme1, scheme 4/6

Topic 2：
Q2.1:Support the following two alternatives:
· Alt1: Continuous port index for each CSI-RS resource
· Alt2: Continuous ports index along the first half of the K CSI-RS resources, and then along the second half of the K CSI-RS resources
 

	Kyocera
	Q2.1

In R1-2400817 in Athens, we proposed two schemes for mapping CSI-RS resource index to port index. The second scheme is a straightforward mapping using sequential indexing for each polarization along the lines of what Ericsson is proposing.  The first scheme proposed using reduced CSI-RS density for a selected number of ports, such as indicated in the table below. CSI-RS density ½ is already in the legacy mapping and should present no difficulty. CSI density ¼ could be implemented by a straightforward decimation of the legacy ½ density by a factor of 2. We think this may be adequate for fixed or low-mobility applications and is worth considering.


Possible CSI-RS port combinations for more than 32 port CSI-RS
	Number of Ports
	 Combination of Legacy CSI-RS Ports
	 Density of legacy CSI-RS ports 

	48
	           32+16
	0.5 (1/2)

	48
	           24+24 
	0.5 (1/2)

	64
	           32+32
	0.5 (1/2)

	96
	         24+24+24+24
	0.25 (1/4)

	128
	          32+32+32+32
	0.25 (1/4)



[Mod: Thanks for the proposal, however, 1st row contradicts previous agreement that all resources must have a same # ports. 4th row is OOS since we agreed only to support 48, 64, and 128 ports. 5th row is OOS since CSI-RS enhancement is precluded by the WID. Rows 2 and 3 are based on the current spec, which is good. They are two out of many other possibilities – no spec impact.]


	Apple
	Q1.1
We support scheme1, i.e., Mode-A in Proposal 1.A.1, as the baseline, and scheme 2, i.e., Mode-B in Proposal 1.A.1 as additional mode.  
Regarding L, we are okay to focus on only mode-1 (L=1).
We strongly prefer that for RI=3/4, spatial basis selection follows the case for < 16 ports, i.e., no beam segmentation as for >=16 ports with RI=3/4
We prefer to focus on single panel (SP) codebook only. 

Q1.2
We are okay with (O1,O2)=(2,2) as beam is already finer with larger number of ports 

Q2.1
Even though we are open to discuss co-existent issue, we think assuming a continuous concatenation of v-pol and h-pol port of different CSI-RS resource could be a reasonable start. 

Q5.1
We are open to discuss selecting a subset of PCs

	InterDigital
	Proposal 1.A.1: 
We are okay with both modes, i.e., Mode-A and Mode-B in the FL proposal. However, we prefer Mode-B over Mode-A due to the layer-specific SD basis vector selection which results in a higher throughput versus overhead performance.

	Qualcomm
	Proposal 1.A.1: Support

Conclusion 1.E: Fine

Issue 2 / Proposal 1.B: Some additional input
We think some straight-forward mapping b/w ports of each CSI-RS resource, to each “sub-panel,” can be realized by e.g. the following options:
· Option 1 (N1-dimension split) – seems same as @vivo and @Ericsson according to my observation
[image: ]
· Option 2 (N2-dimension split)
[image: ]
Besides, we think Option1 may not apply to these two cases:
	Total # CSI-RS ports across aggregated resources (=P)
	(N1, N2)

	48
	(8,3)

	
	(6,4)

	64
	(16,2)

	
	(8,4)

	128
	(16,4)

	
	(8,8)


The reason is, after N1-split, it results in sub-panel e.g. (3,4) for (6,4)-split by K=2 – this means the swap of N1 and N2, since we only have N1>=N2 in legacy. 
We think the swap of N1 and N2 makes it non-backward-compatible. – That’s why we also propose Option2.

[Mod: Thanks for the good analysis. ACKed]


	vivo
	Proposal 1.A.1
Support

Proposal 1.A.2
We are open to consider O1=O2=4 as well.

Issue 2
Following the principle of enabling sharing CSI-RS between Rel-19 UEs and legacy UEs, we can identify two options for mapping CSI-RS ports from aggregating resources to codebook entries. The difference is whether the split follows row first principle or column first principle.
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:
· 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)

The following two tables summarize the possible configurations of Rel-19 N1-N2, K and legacy N1-N2 (denoted with N1’ or N2’) for different mapping methods.
Mapping method 1:
[image: cid:image003.jpg@01DA8130.C305EE10]
Mapping method: 
[image: cid:image004.jpg@01DA8130.C305EE10]

What we can observe is mapping method 1 cannot accommodate (6, 4) and (8, 8) for sharing resource with legacy UEs, but its benefit is simplicity. The benefit of mapping method 2 is it can accommodate all the possible agreed N1-N2 values.  Perhaps a better way is to configure method 1 or method 2 based on RRC as different NW vendors may use different legacy N1, N2 values.

Hence we suggest the following proposal for 1.B.
Proposal 1.B: For the Rel-19 Type-I single panel (SP) 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 to configure one of the following mapping methods in RRC, 
· 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:
· 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)

[Mod: Thanks for the good analysis. ACKed and now proposed as proposal 1.B]

Conclusion 1.E
Support


	NTT DOCOMO
	Proposal 1.A.1: 
Support. But we don’t think addition mode/scheme is needed. 

Proposal 1.A.2: 
We support (O1,O2)=(4,4) which has higher performance with very limited additional overhead.

Conclusion 1.E
OK


	Huawei, HiSilicon
	Proposal 1.A.1, 
We are fine with the proposal.

Proposal 1.A.2,
We understand the motivation of overhead reduction, but as several companies including us have observed that O1=O2=4 can provide performance gain with limited increase of overhead, it can be more flexible that gNB can configure between O1=O2=2 and O1=O2=4, depending the tradeoff between performance and overhead.

Proposal 1.A.2: For the Rel-19 Type-I single-panel (SP) codebook refinement for up to 128 CSI-RS ports, for RI=1-4, O1=O2= 2 or O1=O2=4 is configured by gNB.

Issue 2/proposal 1.B, 
· For the mapping by sub-panel way, we have similar view with QC and Vivo, and we support the modified proposal 1.B from Vivo. Splitting in N1 dimension is a better way as for some (N1, N2) combinations there’s no legacy (N1, N2) can be compatible with it. For example, for (N1=8, N2=8) antenna panel, splitting in N1 will generate 4 CSI-RS resources with (N1=2, N2=8) which is not compatible to legacy UEs, as shown in the first bullet. In addition, from performance point of view, splitting in N2 dimension, i.e., the 2nd bullet below, can have better performance since its horizontal beam resolution is higher, which is shown in our previous comments. Therefore, if going with sub-panel splitting scheme, we would rather prefer an option compatible with that splitting in N2 dimension instead of N1 dimension.
[image: cid:image003.png@01DA8124.BF7B1010]   [image: cid:image004.png@01DA8124.BF7B1010]
4 CSI-RS resources each with (N1=2, N2=8)              4 CSI-RS resources each with (N1=8, N2=2)
[Mod: Thanks for the good analysis. ACKed]

· In addition, as we commented in previous comment, using beamformed CSI-RS with pre-defined precoder can use all antenna elements and all transmission power for legacy UEs, which is more beneficial in terms of coexisting with legacy UEs.
[Mod: This is always possible by NW implementation ]


	ZTE
	Proposal 1.A.1:
Our first preference is scheme 3. We can go with the proposal for progress.
[Mod: Thanks for your understanding and compromise!]

Proposal 1.A.2:
OK.

Conclusion 1.E
OK.

	Ericsson
	Support Proposal 1.A.1

ok with Proposal 1.A.2

Ok with Conclusion 1.E

On 1.B, we support the following proposal from vivo as it provides network the flexibility to choose the port indexing method depending on the exact layout.

Proposal 1.B: For the Rel-19 Type-I single panel (SP) 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 to configure one of the following mapping methods in RRC, 
· 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:
· 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)


	MediaTek
	Proposal 1.A.1: Support
Proposal 1.A.2: Support
Conclusion 1.E: Support

Re 1.B: We are fine with the current proposal, however, for some (N1, N2) values, it cannot be compatible to legacy UEs. Thus, we are okay to support two mapping methods proposed by vivo and some other companies, where which method is used should be configured by RRC.

	Samsung
	Support Proposal 1.A.1

Proposal 1.A.2
We still don’t clear benefit of O1=O2=2 and it seems there is no clear majority.

On 1.B, after reviewing arguments from other companies, we acknowledge the issue and are fine with vivo’s proposal. The two mapping methods fully support resource aggregation in either N1 dimension or N2 dimension using the legacy CSI-RS n1-n2 configuration per CSI-RS resource. One of them can be configured by NW depending upon NW’s deployment/layout.

	Mod V40
	Proposal 1.A.1: No change
· Support/fine: Qualcomm, Samsung, Ericsson, Huawei/HiSi, MediaTek, vivo, OPPO, NTT DOCOMO (max 2 modes), Spreadtrum, Lenovo/MotM (max 2 modes), IDC, ZTE (ok), Intel, CMCC (max 2 modes), AT&T, Google (ok), Fujitsu, Sharp, Xiaomi, Apple,
· Not support: CATT


Proposal 1.A.2: No change
· Support/fine: ZTE, Qualcomm, vivo, Spreadtrum, Google (high rank), Apple, Ericsson, MediaTek
· Not support (O1=O2=4): Samsung, Intel, CMCC, Sharp, NTT DOCOMO
· 2 or 4 configurable: Huawei/HiSi


Added proposal 1.B based on vivo’s/Qualcomm’s/Huawei’s proposal and analysis. To summarize:
· Port indexing/mapping is needed for Rel-19 Type-I SP and Type-II (as direct extension of legacy Rel-15 Type-I SP and Rel-16 eTYpe-II/Rel-18 Type-II Doppler/Rel-17 FeType-II PS) due to resource aggregation
· Two aspects on port mapping/indexing design: 1) compatibility with the implied port ordering (considering dual-pol) of the codebooks, 2) co-existence between UEs supporting Rel-19 Type-I SP/II codebooks and not (i.e. for each of the 6 newly introduced (N1,N2) values, is it possible to aggregate K=2/3/4 resources where each resource is associated with a legacy (N1,N2) value?) 
· Vivo proposal (synthesis between the previous vivo proposal and Qualcomm’s/Huawei’s) IMO not only fulfills the above design problem, but also accommodates various pertinent options in legacy deployments. The support of two (configurable) mapping options is also suggested by Google and has no impact on UE complexity
· Support/fine: Qualcomm, vivo, Huawei/HiSi, Ericsson, MediaTek, Samsung
· Not support: 


Conclusion 1.E: No change


	OPPO
	Proposal 1.A.1: Fine

Proposal 1.A.2: As in our previous input, O1=O2=4 is preferred.
[Mod: Apology I missed this before, Wenhong, thanks] 


	Vivo
	Thanks FL for considering the proposed 1.B. Please see our further suggestions on the wording of 1.B for better clarity and accuracy.

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:
· 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)
· where K*n2 = N2
FFS: Exact port indexing within each CSI-RS resource or across K CSI-RS resources
[Mod: OK, this makes sense]

	NEC
	Proposal 1.A.1:
    Our preference is scheme 3 with wideband combination of SD bases in addition to scheme 2 (as baseline), while considering majority companies support scheme 1 (Mode-A) and scheme 2 (Mode-B), we are fine with the two schemes.
    And considering the SD basis vector for Mode-B, we agree the basis selection is independently for different layers, while we don’t think it needs  bits for each layer, which is a large overhead especially for 128 ports. The distribution of SD bases for multiple layers is concentrated within a limited range instead of the whole group of SD bases. At least for layer 2-4, there is no need to select the SD basis from the whole group of N1N2 orthogonal basis vectors. On the other hand, there is no need of freely order of SD bases across layers, in other words at least it’s sufficient to indicate the SD bases with  and mapping the SD bases to layers in order (the SD bases in legacy TypeI codebook are also in order mapped to layers). So at this stage, can we further study the detailed indication for SD basis selection?
· 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
· FFS on whether/how to reduce overhead for  
· For example 
·  for each layer. Note: This implies that each of the SD basis vectors is selected from a group of N1N2 orthogonal basis vectors 
·  for each layer. Note: This implies that each of the SD basis vectors is selected from a group of  orthogonal basis vectors 
·  across the layers. Note: This implies the SD basis vectors mapped to layers in order
[bookmark: OLE_LINK19][Mod: Thanks for the input but this is unnecessary. 1. the two new suggested options actually violate the principle of free selection crucial for the proponents – especially with G and fixing an ordering across layers for SD basis vector selection, 2. the resulting “saving” in overhead is unsubstantial (you can check ) with joint encoding – at the expense of increasing encoding/decoding complexity, memory requirement, spec complication with RI-specific table lookups, and potential UPT loss due to restriction, 3. if indeed there is a way to save overhead without increasing complexity/memory and performance loss and without restriction, this would anyway be discussed during UCI design details (next step after codebook structure is agreed, as usual )]

Proposal 1.A.2:
    O1=O2=4 is preferred

Proposal 1.B:
   We share similar view that multiple methods for the port indexing should be defined, and as discussed by vivo, several configurations of Rel-19 N1-N2 and legacy N1’-N2’ were listed, while there are still several candidate configurations missed, for example, 
	Total # of ports
	(N1,N2)
	Number of CSI-RS
	(n1, n2)

	48
	(6,4)
	4
	(3,2)

	64 
	(16,2)
	4
	(8,1)

	64
	(8,4)
	4
	(4,2)

	128
	(16,4)
	4
	(8,2)

	128
	(8,8)
	4
	(4,4)



In these cases, the 4 CSI-RS resources are aggregated with two-dimension patterns (as example in following figure), and current two mapping methods can not cover this case. 


So firstly we think supported aggregation pattern should be discussed, and to obtain flexibility for network configuration and backward capability, we support all the configurations. 
And for the port index mapping, the configuration of legacy (N1’,N2’) values for one CSI-RS resource is needed. 
To support the above listed configurations, a third method can be added.
In addition, the order of index for the K CSI-RS resources should also be defined, for example, based on configuration order or based on time/frequency domain order. 
	Updated 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 and the value of (n1, n2) 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)  
· Note: N1=K*n1, N2=n2
· Mapping method 2: Sequential ordering/indexing within:
· 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)
· Note: N1=n1, N2 = K*n2
· Mapping method 3 (for K=4): Sequential ordering/indexing within:
· for the 1st polarization, (1st n2 ports in 1st resource, 1st polarization), (1st n2 ports in 2nd resource, 1st polarization), then (2nd n2 ports in 1st resource, 1st polarization), (2nd n2 ports in 2nd resource, 1st polarization), …, then (n1th n2 ports in 1st resource, 1st polarization), (n1th n2 ports in 2nd resource, 1st polarization),
· for the 1st polarization, (1st n2 ports in 3rd resource, 1st polarization), (1st n2 ports in 4th resource, 1st polarization), then (2nd n2 ports in 3rd resource, 1st polarization), (2nd n2 ports in 4th resource, 1st polarization), then (n1th n2 ports in 3rd resource, 1st polarization), (n1th n2 ports in 4th 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), then (2nd n2 ports in 1st resource, 2nd polarization), (2nd n2 ports in 2nd resource, 2nd polarization), … then (n1th n2 ports in 1st resource, 2nd polarization), (n1th n2 ports in 2nd resource, 2nd polarization),
· and then for the 2nd polarization, (1st n2 ports in 3rd resource, 2nd polarization), (1st n2 ports in 4th  resource, 2nd polarization), then (2nd n2 ports in 3rd resource, 2nd polarization), (2nd n2 ports in 4th resource, 2nd polarization), then (n1th n2 ports in 3rd resource, 2nd polarization), (n1th n2 ports in 4th resource, 2nd polarization), 
· Note: N1=2*n1, N2 = 2*n2
FFS: Exact port indexing within each CSI-RS resource or across K CSI-RS resources
FFS: the order of CSI-RS resources



[Mod: OK let’s check what other companies think]

Regarding Hao’s further update on n1, we think either update or not is fine, as n1=N1 in method 2.


	Fraunhofer IIS/HHI
	Proposal 1.A.1 Support 
We would like to provide a clarification on scheme 2B. Scheme 2B with D=2 scaling coefficients is equivalent to Rel. 15 Type-II codebook with L = 1. However, Alt 2B with D=4 scaling coefficients deviates from the Type-II codebook, as each scaling coefficient scales a group of consecutive antenna ports. Specifically, for 64 antenna ports, for D=4, the first, second, third and fourth scaling coefficient scales the antenna ports 1 to 16, 17 to 32, 33 to 48 and 49 to 64, respectively. In contrast, in Type-II codebooks, each SD DFT beam has single scaling coefficient. 
The motivation to use amplitude scaling is to obtain a close alignment between the DFT vector and the Eigen vector of the channel. By doing so, the resulting scaled DFT vector must provide performance gains. In our observations, the throughput gain using D=2 scaling coefficients is not significant enough compared to scheme 2 for the added complexity, however for D=4, the gain appears to be substantial enough to be considered. The simulation results will be provided in our Tdoc. 
[Mod: Thanks Venki. This is captured in one of the FFSs which we will discuss and try to resolve in 116bis once 1.A.1 is agreed. As usual, assuming 1.A.1 is agreed in Round1,  I will copy your analysis in Round 2 summary to set the tone for the discussion.]
Proposal 1.A.2 Support 
Proposal 1.B:
We support the proposal in principle. However, we think at least one scheme should be added based on antenna port interleaving. In the current two mapping schemes, the CSI-RS resources are mapped to a set of antenna elements either in horizontal or vertical dimension of the antenna array. Since each CSI-RS resource covers only a portion of the antenna array, each CSI-RS observes a reduced aperture area compared to a scenario where the CSI-RS resource is mapped to the entire antenna panel. Using an interleaved mapping scheme, the CSI-RS resource ports can be mapped to the full array. This approach may increase channel estimation accuracy as each CSI-RS resource covers almost the full aperture of the antenna array. Therefore, we recommend supporting at least one mapping scheme based on interleaved mapping. 
One example interleaving mapping scheme based on vertical split is as follows: 
[image: A table with numbers and lines

Description automatically generated]
[Mod: Yes, actually I anticipated this type of comment and that’s why I added the FFS  which allows further discussion one exact ordering hence interleaving]


	Mod V45
	Proposal 1.A.1: No change
· Support/fine: Qualcomm, Samsung, Ericsson, Huawei/HiSi, MediaTek, vivo, OPPO, NTT DOCOMO (max 2 modes), Spreadtrum, Lenovo/MotM (max 2 modes), IDC, ZTE (ok), Intel, CMCC (max 2 modes), AT&T, Google (ok), Fujitsu, Sharp, Xiaomi, Apple, [NEC], Fraunhofer IIS/HHI
· Not support: CATT


Proposal 1.A.2: No change
· Support/fine: ZTE, Qualcomm, vivo, Spreadtrum, Google (high rank), Apple, Ericsson, MediaTek, Fraunhifer IIS/HHI
· Not support (O1=O2=4): Samsung, Intel, CMCC, Sharp, NTT DOCOMO, NEC, OPPO
· 2 or 4 configurable: Huawei/HiSi

Proposal 1.B: Minor update from vivo
· Support/fine: Qualcomm, vivo, Huawei/HiSi, Ericsson, MediaTek, Samsung, Fraunhofer IIS/HHI
· Not support: 

@All, for proposal 1.B, please check NEC proposal to add Option 3 on top of Option 1/2

Conclusion 1.E: No change


	Mod V46
	Added missing “where K*n2 = N2” (my apology) to proposal 1.B.

@All, for proposal 1.B, please check NEC proposal to add Option 3 on top of Option 1/2


	AT&T
	Proposal 1.A.1: 
Support but we don’t think there is a need for the additional Mode C. 

Proposal 1.A.2: 
Support (O1=4,O2=4) since it provides higher resolution for the layer specific SD selection in Mode B.

Proposal 1.B:
We are ok with the proposal but we also propose to define the permitted configurations for splitting N1 and/or N2 across the CSI-RS resources. We suggest adding the following FFS to Proposal 1.B
FFS: define the permitted configurations for splitting N1 and/or N2 across the CSI-RS resources 


	Mod V49
	Proposal 1.A.1: No change
· Support/fine: Qualcomm, Samsung, Ericsson, Huawei/HiSi, MediaTek, vivo, OPPO, NTT DOCOMO (max 2 modes), Spreadtrum, Lenovo/MotM (max 2 modes), IDC, ZTE (ok), Intel, CMCC (max 2 modes), AT&T (max 2 modes), Google (ok), Fujitsu, Sharp, Xiaomi, Apple, NEC, Fraunhofer IIS/HHI
· Not support: CATT


Proposal 1.A.2: No change
· Support/fine: ZTE, Qualcomm, vivo, Spreadtrum, Google (high rank), Apple, Ericsson, MediaTek, Fraunhofer IIS/HHI
· Not support (O1=O2=4): Samsung, Intel, CMCC, Sharp, NTT DOCOMO, NEC, OPPO, AT&T
· 2 or 4 configurable: Huawei/HiSi


Proposal 1.B: Added FFS on method#3 from NEC (highlighted in yellow)
· Support/fine: Qualcomm, vivo, Huawei/HiSi, Ericsson, MediaTek, Samsung, Fraunhofer IIS/HHI, AT&T (FFS method3)
· Not support: 

@All, for proposal 1.B, please check NEC proposal to add Option 3 on top of Option 1/2

Conclusion 1.E: No change


	CEWiT
	Proposal 1.A.1:
We support Mode 1 as the basic mode
We support Mode 2 as the advanced mode and the signalling aspects of this Mode should be discussed further
[Mod: Thank you. Yes, the detailed signalling design will be discussed as a part of UCI design (later rounds) once 1.A.1 is endorsed]

Proposal 1.A.2:
We support O1=O2=4

Proposal 1.B:
We are in line with Huawei’s comment. We need further clarification on how the proposed methods can serve legacy UEs with the full panel. As per our understanding, in all 3 mapping methods, one CSI-RS resource will be mapped to only a part of the panel.
[Mod: Just to avoid confusion on the main purpose of port mapping.
· Rel-19 Type-I SP/Type-II codebooks needs an additional port mapping definition since K>1 NP-port CSI-RS resources are aggregated to form a single virtual KNP CSI-RS resource. This is the main purpose. 
· The Rel-19 Type-I SP/Type-II codebooks are direct extensions of Rel-15 Type-I SP, Rel-16 eType-II, Rel-17 FeType-II PS, and Rel-18 Type-II Doppler (assuming a single CSI-RS resource) hence follow the port ordering implied by the codebook definition (polarization-second). This is what mapping #1 achieves.
· The CSI-RS resource configuration includes K>1 resources. How the NW implements port ordering across K>1 resources for UE measurement to match the port ordering implied by the codebook definition is ambiguous without an additional port mapping definition. 
· This is regardless whether sub-array-based co-existence is accommodated or not. 
· The same was done for LTE Rel-13/14 for supporting 16/32-port via resource aggregation (where the max # ports per resource is 8 for LTE), cf. TS36.211, section 6.10.5 (no sub-array-based co-existence was facilitated).
· A secondary purpose for port mapping, as proposed by many and as you mentioned, is to facilitate sub-array-based co-existence between pre-Rel-19 and Rel-19 UEs. A number of NW and UE vendors and operators support this. The rationale is to build the Rel-19 2D array from (aggregating) the existing pre-Rel-19 2D arrays. For this purpose, companies have proposed mapping #2 to accommodate (6,4) and (8,8). Then mapping #3 is also proposed (in FFS) to add more options. Below is the summary.
· For sub-array-based co-existence, by construction, there is NO WAY to “serve legacy UEs with the full panel”. As Qualcomm mentioned, the main purpose is analogous to NW energy saving (NES) – since only a part of the array is used for pre-Rel-19 UEs. 


	New P
	New (N1,N2)
	Legacy resource aggregation

	
	
	K
	Old (N1’,N2’)

	48
	(8,3)
	2; 3; 
	(4,3); (8,1); 

	
	(6,4)
	2/4; 4
	(6,2)/(6,1); (3,2)

	64
	(16,2)
	2/4; 2; 4
	(8,2)/(4,2); (16,1); (8,1)

	
	(8,4)
	2; 2/4; 4
	(4,4); (8,2)/(8,1); (4,2)

	128
	(16,4)
	4; 4; 4
	(4,4); (16,1); (8,2) 

	
	(8,8)
	4; 4
	(8,2); (4,4)


Blue: mapping #1 (along horizontal dimension)
Red: mapping #2 (along vertical dimension)
Yellow: mapping #3 (NEC – along both horizontal and vertical)


The co-existence approach mentioned by Huawei isn’t about the necessity for port mapping, but on co-existence. Huawei’s point is that by using UE-specific beamformed/pre-coded CSI-RS, all the TXRUs can be used for pre-Rel-19 UEs (at the expense of higher CSI-RS overhead and/or scheduler restriction if the number of UEs in a cell is large). This approach can already be implemented without any additional specification support as I commented. This was already discussed in early stage of NR as well as LTE Rel-13.

Note that supporting schemes to facilitate “co-existence” per se is not a part of WID objectives 2a/b. It was just agreed in RAN1#116 as one of the design criteria for the port mapping scheme which is needed regardless whether this “co-existence” criterion is used or not.
]


	New H3C
	Proposal 1.A.1:support
Proposal 1.A.2:not support Not support (O1=O2=4),  

	Mod V52
	Proposal 1.A.1: No change
· Support/fine: Qualcomm, Samsung, Ericsson, Huawei/HiSi, MediaTek, vivo, OPPO, NTT DOCOMO (max 2 modes), Spreadtrum, Lenovo/MotM (max 2 modes), IDC, ZTE (ok), Intel, CMCC (max 2 modes), AT&T (max 2 modes), Google (ok), Fujitsu, Sharp, Xiaomi, Apple, NEC, Fraunhofer IIS/HHI, CEWiT, New H3C
· Not support: CATT


Proposal 1.A.2: No change
· Support/fine: ZTE, Qualcomm, vivo, Spreadtrum, Google (high rank), Apple, Ericsson, MediaTek, Fraunhofer IIS/HHI
· Not support (O1=O2=4): Samsung, Intel, CMCC, Sharp, NTT DOCOMO, NEC, OPPO, AT&T, CEWiT, New H3C
· 2 or 4 configurable: Huawei/HiSi, 


Proposal 1.B: Added FFS on method#3 from NEC (highlighted in yellow)
· Support/fine: Qualcomm, vivo, Huawei/HiSi, ZTE (ok), Nokia/NSB (ok), Ericsson, MediaTek, Samsung, Fraunhofer IIS/HHI, AT&T (FFS method3), NTT DOCOMO
· Not support: 

@All, for proposal 1.B, please check NEC proposal to add Option 3 on top of Option 1/2. Please also check my response to CEWiT which further clarifies the purpose of port mapping. 

Conclusion 1.E: No change


	AT&T
	[bookmark: _Hlk163161760]We want to add clarification for our previous comment regarding the proposed FFS for Proposal 1.B. Basically, looking at the mapping between the number of the CSI-RS resources (K) and the dimension-split (N’1, N’2), we observe the following:
1. Method1 (blue colored): have a unique (one to one) mapping  between K and the dimension-split (N’1, N’2)
2. Method2 (red colored): have a unique (one to one) mapping  between K and the dimension-split (N’1, N’2)
3. Method3 (green colored): does not have a unique mapping between K and the dimension-split (N’1, N’2)

The FFS intends to define the mapping between the number of the CSI-RS resources (K) and the dimension-split (N’1, N’2) for Method3. Below, the FFS is reworded:

FFS: For Method3, define the mapping between the number of CSI-RS resources (K) and the dimension-split (N’1, N’2).

[image: ]
[Mod: Since the support for method#3 itself is FFS, this can be discussed if/after method#3 is agreed. Assuming proposal 1.B is endorsed in round 1, whether to support method#3 will be discussed in round 2. So your FFS can be discussed and included in round 2 discussion (not for the current proposal 1.B)]


	Mod Final
	Proposal 1.A.1: No change
· Support/fine: Qualcomm, Samsung, Ericsson, Huawei/HiSi, MediaTek, vivo, OPPO, NTT DOCOMO (max 2 modes), Spreadtrum, Lenovo/MotM (max 2 modes), IDC, ZTE (ok), Intel, CMCC (max 2 modes), AT&T (max 2 modes), Google (ok), Fujitsu, Sharp, Xiaomi, Apple, NEC, Fraunhofer IIS/HHI, CEWiT, New H3C
· Not support: CATT


Proposal 1.A.2: No change
· Support/fine: ZTE, Qualcomm, vivo, Spreadtrum, Google (high rank), Apple, Ericsson, MediaTek, Fraunhofer IIS/HHI
· Not support (O1=O2=4): Samsung, Intel, CMCC, Sharp, NTT DOCOMO, NEC, OPPO, AT&T, CEWiT, New H3C
· 2 or 4 configurable: Huawei/HiSi, 


Proposal 1.B: Added FFS on method#3 from NEC (highlighted in yellow)
· Support/fine: Qualcomm, vivo, Huawei/HiSi, ZTE (ok), Nokia/NSB (ok), Ericsson, MediaTek, Samsung, Fraunhofer IIS/HHI, AT&T (FFS method3), NTT DOCOMO
· Not support: 

Conclusion 1.E: No change




2. [bookmark: _GoBack]CRI-based

	
	Issue
	Topic

	8
	CRI-based
	Supported value(s) of X

	9
	
	Signaling the value of M: RRC or UE-selected or combo

	10
	
	Supported codebook(s)




Table 2A Type-II Doppler: issues
	Topic
	Moderator comments and proposals

	8
	[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


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) ignalling 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) ignalling, and if additional restriction(s) are needed


Q8.1: Please share your view on the value of X (keep in mind that X corresponds to the maximum number of reported “quadruplets”), which may be a UE capability

This is the current situation
· M RRC-configured, X=1 T1, X=1 T2 FFS on X=2 (Proposal 2.A): Qualcomm, ZTE, Samsung, Ericsson, MediaTek, OPPO, vivo, NTT DOCOMO, Huawei/HiSi, Speadtrum, Lenovo/MotM, Intel, CMCC, AT&T, Google, Fujitsu, Sharp, Xiaomi, CATT, Kyocera, Apple, 
· M UE-selected: IDC


FL assessment: 
· For L1-RSRP beam reporting, X=4
· The impact in UE complexity for larger X value indeed depends on the supported codebook(s). 
· Rel-15 Type-I SP doesn’t require any SVD operation while Rel-16 eType-II would require X SVD operations (vs. 1 SVD operation in regular use of Rel-16 eType-II)
· If Rel-16 eType-II is supported, this complexity issue may need to be addressed (as stated in one FFS point re KS, X, and other factors), e.g. to facilitate compromise 


	9
	Please check proposal 2.A in issue 8 (M issue is addressed there)


Q9.1: Please  share your view on the following alternatives for M:
· Alt1. M is NW-configured via higher-layer (RRC) signaling
· Alt2. M is UE-selected and reported as a part of CRI-based CSI reporting 
· Alt3. Combination of Alt1 and Alt2 (please be specific)

FL assessment: 
· Alt1 seems the most natural following legacy L1-RSRP reporting






Table 2B Type-II Doppler: views from companies
	Company
	Input

	Mod V0
	Please share your views on the offline questions in TABLE 2A

	Samsung
	Topics 8 and 9 are related – considering both, our views are:
· M is RRC-configured analogous to L1-RSRP reporting 
· For Type-I SP, X=4
· If Rel-16 eType-II is supported, we prefer X=1 only although we are open to support X=2 as long as some additional restriction e.g. maximum number of ports per resource, is considered. We are also open to consider restriction on KS values, or as a part of UE capability
· We do not support X>2 due to the excessive additional complexity from SVD


	ZTE
	Q8.1:
· Support X = 4 for Type-I codebook;
· Support X = 2 for Type-II codebook (if supported), and Ks = 4, P = 32 for each CSI-RS resource, can be considered as a starting point. With X > 1, it is beneficial for gNB to schedule the best beam (one beam can be used for multiple Ues) for all the serving Ues.
Q9.1:
Support Alt 1, i.e., M is NW-configured.

	Qualcomm
	Q9.1: Prefer simply RRC-configured M.

Q8.1: Since we prefer M being RRC-configured, then X=M is assumed in this answer to Q8.1.
For Type-I, we are open to have M up to 4, with UE capability.

We think UE capability should be carefully treated for this issue, especially with Rel-15+19 Type-I, existing UE capability (e.g. a Rel-19 version of FG 2-33) can’t differentiate b/w the following two cases:
· [bookmark: OLE_LINK4]Case A: 1 non-CRI report with 128 ports, being configured as K=4 resources each 32 ports; 
· Case B: 1 multi-CRI report with Ks=4 resources each 32 ports. 
[image: ]
In our understanding, UE measuring efforts is: CaseA << CaseB.
A UE signed up to do CaseA on a certain CC, does not guarantee to do CaseB.
To indicate UE capability more precisely, some simple enhancements can be, for example, 
· The per-codebook FG triplet: {max # CSI-RS resources, max # ports per CSI-RS resource, max # total ports} is also per-CC defined/reported, just like FG 2-33.
· Or, define the K>1 CSI-RS resources associated with a >32port codebook, as one “virtual CSI-RS resource” with 48/64/128 ports, at least from UE feature perspective.

As for eType-II, we doubt the practical feasibility on measuring Ks>1 (but we are open to discuss Ks>1 with M=1, if UE capability can be well indicated), and we doubt more on reporting M>1… (thus definitely full measurement of at least M>1, up to at most Ks).

	Ericsson
	Q8.1
For SP Type I, we support X=4.
For eType II, X=1 can be a good starting point.

Q9.1
We prefer Alt 1 (M is NW-configured via higher layer signaling).

	MediaTek
	Q8.1
· We are fine with X=4 when CB type = Rel-15 Type-I SP
· For Rel-16 eType-II, UE implementation complexity is extremely huge if combines the two complicated factors (eType-II and CRI reporting) together. However, if majority support Rel-16 eType-II, the following restrictions should be introduced to reduce the implementation complexity:
· KS is up to 4, i.e., KS ={1,2,3,4} and the maximum value of KS is subject to UE capability
· X = 1
· Number of total CSI-RS ports across all CSI-RS resources in a set should be <= 64
Q9.1
We support Alt 1 (M is NW-configured via higher layer signaling)

	OPPO
	Q8.1:
For type I SP codebook, X=4 can be supported subject to UE capability.
For eType II codebook, if agreed, X=1 can be supported as baseline and we are open to X=2 for better flexibility if it is optional UE capability. Additional restriction on the number of Ks and total antenna ports mentioned by companies should also be considered for UE complexity. 

Q9.1
We support Alt.1 with M configured by RRC.

	Vivo
	Issue 8&9
We support X to be a fixed value and M is configured in RRC if applicable.
For Type I SP, we support M={1, 2, 3, 4}, i.e., X=4.
For eType II, our first preference is not to support it, but we are open to consider X=1 only as a compromise. 

	NTT DOCOMO
	Q8.1:
For Type I codebook based enhancement, we’re fine with X=4.
For Rel-16 Type II codebook based enhancement (if supported), X=1 is the starting point and Ks should be also restricted.

Q9.1:
Alt1 should be baseline. We’re open to support Alt2 additionally.

	Huawei, HiSilicon
	Q8.1
For TypeI SP codebook, we are OK with X=4.
For eTypeII codebook, we can compromise to X=2 for progress although our first preference is X=4 or larger.
 
Thanks for some companies being open to X=1 for eTypeII codebook, while I’d like to clarify that the WID, multi-CRI based reporting, aiming at increasing MU scheduling opportunity by allowing UE to report multiple sets of CSI so that Ues correspond to different optimal analog beams are capable of being simultaneously co-scheduled, cannot be accomplished with only X=1.

In order to address companies’ concern towards complexity, we have the following analysis.
[image: ]
We can clearly observe that the complexity of computing X sets of CSI based on eTypeII codebook for HBF is comparable with or lower than the complexity of computing CSI for CJT (only support eTypeII codebook) with X TRPs. The complexity is calculated based on one feasible implementation including CSI-RS channel estimation, CRI selection, SD basis selection, precoder selection, interference measurement, and CQI calculation (based on MMSE-IRC assumption). Even if different UE/chip vendors have different implementation,  given that CJT with up to 4 TRPs is already supported in current spec., we believe the complexity of calculating X=2 sets of CSI based on eTypeII codebook for HBF should be acceptable, needless to say the eTypeII codebook for HBF will be an optional UE feature. We’re also open to discuss the necessary complexity restriction as part of the UE capability.

We sincerely suggest companies to take X=2 for eTypeII codebook into consideration, which creates the chance for higher MU scheduling opportunity under realistic HBF architecture and benefits both gNB and UE side.

Q9.1
Support Alt1. 
One clarification question, Alt1 doesn’t mean the concrete M CRIs are NW-configured, right?

	InterDigital
	Q9.1
We support both Alt2 and Alt3
The CSI feedback overhead directly depends on the value of M, i.e., reporting M number of CRI, RI, PMI, and CQI values could result in excessive overhead. One of the FFS is regarding the UCI overhead reduction. If M is NW-configured, the UE reports the M CSIs regardless of their quality. UE-selected M value can be considered to reduce the feedback overhead. For example, the network can configure an L1-RSRP threshold value, and the UE selects M number of CRIs with their RSRPs greater than the configured threshold. In our understanding, Alt3 is even a better choice for CSI overhead reduction. For example, the NW can configure an M value and an L1-RSRP threshold and the UE can select 𝑀1, 𝑀1≤𝑀 based on the L1-RSRP threshold and reports CSIs associated with the selected M1 number of CRIs.  

	Mod V16
	Added proposal 2.A based on the inputs from companies


	Spreadtrum
	Proposal 2.A: Support. Regarding Q9.1, we don’t see the motivation to select different # CRIs by UE, an RRC configured value should be enough.

	Lenovo/ MotM
	Issue 8: 
For Type-I SP CB, at least X={2, 4}should be supported. For Rel-16 eType-II CB, we support M=2, which is important to allow MU-MIMO pairing under hybrid BF. We are OK to discuss restrictions on parameter combinations and/or number of ports per CSI-RS resource.

Issue 9:
We are OK with Alt1. For Alt2, the UCI payload variation can be significant, and needs further justification to be supported. 

	Mod V20
	Update on summary of companies’ positions


	Intel
	Issue 8: 
· For the value of X for Type I PMI, at least X = 4 should be considered and we are open to consider larger values.
· For the value of X for eType II PMI, eType II PMI allows to achieve higher performance for MU-MIMO. At the same time, limiting number of reported CRI values to M = 1 may lead to decreased MU-MIMO performance comparing to Type I PMI with M >1 due to limited UE pairing opportunities. 

Issue 9:
· We are fine to support pre-configured M.

	CMCC
	Proposal 2.A:
Support. 
As for Q9.1, we think gNB configured M is enough.

	AT&T
	Issue 8, Q8.1: 
· For Type-I SP CB, we support X = 4 
· Rel-16 eType-II CB, due to the complexity and overhead consideration, X>1 may not be adequate.

Issue 9, Q9.1:
· Support Alt1 where M is NW-configured via higher-layer (RRC) signaling. 

Proposal 2.A: Support


	Google
	Issue 8:
For proposal 2.A, we think M greater than 1 should be supported for proposal 2.A. Otherwise, there seems to be no benefit for this. To report 1 CRI seems to be equal to legacy beam report + legacy CSI report. If we only allow 1 CRI report, we think we can consider to introduce a CRI subset restriction.

Issue 9:
Support Alt1.





	Fujitsu
	Proposal 2.A: Support in principle. Based on agreement in last meeting, Ks=2~4 for 32 ports per CMR, and Ks=5~8 for 16 ports per CMR. However in Proposal 2.A, Ks are redefined for Type II codebook. Thus, we need some clarifications for Ks. Is that mean, for Type II codebook, Ks cannot be more than 4 even for 16 port per resource?
[Mod: Ks is a parameter on the number of configured CSI-RS resources that a UE should measure – this is from Rel-15 CRI-based reporting. So Ks>=M since M is selected from Ks resources. This was defined in the previous agreement]


	Sharp
	Proposal 2.A: Support

	Xiaomi
	Proposal 2.A: In order to improve multiple users scheduled opportunity and system performance, we support M=2 for eType II codebook. Additional restriction for reducing feedback overhead could be further discussed.

	CATT
	Topic 8:
Q8.1: X=2,4,

Topic 9:
Q9.1: M is RRC configured

Proposal 2.A: we are fine 

	Kyocera
	Q8.1

We think X = 4, subject to UE capability, is a good choice. Larger values provide diminishing returns in throughput and increased overhead and UE complexity.

Q9.1

We consider Alt1 (M is configured by the NW via RRC signalling) the default, but we think having M selected by the UE and reported (Alt2), which the NW can always override, should be investigated further.

	Apple
	Q8.1
For Rel-15 Type-I Single Panel codebook, we are okay to have X=4
For Rel-16 eType-II codebook, we are okay to have X=1

Q9.1
For M, we are okay with Alt1, i.e., M is RRC configured. 
We do see the benefit of Alt3 though, which can avoid forcing UE to process some CSI-RS that is too weak. 
But we prefer to select either Alt1 or Alt2 to simplify the specification

	Qualcomm
	Proposal 2.A: OK


	vivo
	Proposal 2.A
OK

	NTT DOCOMO
	Proposal 2.A
OK

	ZTE
	Proposal 2.A:
OK

	Ericsson
	Support Proposal 2.A

	MediaTek
	Proposal 2.A: Support

	Samsung
	Proposal 2.A
Support

	Mod V40
	Proposal 2.A: no change
· Support/fine: Qualcomm, ZTE, Samsung, Ericsson, MediaTek, OPPO, vivo, NTT DOCOMO, Huawei/HiSi, Speadtrum, Lenovo/MotM, Intel, CMCC, AT&T, Google, Fujitsu, Sharp, Xiaomi, CATT, Kyocera, Apple,
· Not support: IDC (M UE-selected)


	NEC
	Proposal 2.A:
Support

	Mod V45/49
	Proposal 2.A: no change
· Support/fine: Qualcomm, ZTE, Samsung, Ericsson, MediaTek, OPPO, vivo, NTT DOCOMO, Huawei/HiSi, Speadtrum, Lenovo/MotM, Intel, CMCC, AT&T, Google, Fujitsu, Sharp, Xiaomi, CATT, Kyocera, Apple, NEC
· Not support: IDC (M UE-selected)


	CEWiT
	Topic 8:
Q8.1:  
For R15 Type-I SP codebook, we support X = 4
For R16 eType-II codebook, since multiple CRI based report is aimed at increasing MU-MIMO pairing opportunities, we feel that X = 2 should be supported. Overhead compression can be further discussed.
[Mod: Yes, I will note your view when we start discussing the FFS part in later rounds  For Round-1, proposal 2.A is the best we can do for consensus. We proceed step by step.]


	New H3C
	Proposal 2.A: support 

	Mod V52/Final
	Proposal 2.A: no change
· Support/fine: Qualcomm, ZTE, Samsung, Ericsson, MediaTek, OPPO, vivo, NTT DOCOMO, Huawei/HiSi, Speadtrum, Lenovo/MotM, Intel, CMCC, AT&T, Google, Fujitsu, Sharp, Xiaomi, CATT, Kyocera, Apple, NEC, CEWiT, New H3C
· Not support: IDC (M UE-selected)




3. CJT calibration

	
	Issue
	Topic

	11
	CJT calibration 
	Signaling the value of N in relation to NTRP: N=NTRP or NW-determined or UE-selected

	12
	
	Delay reporting scheme: dynamic range, M

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

	14
	
	Delay and FO reporting: nref selection

	15
	
	Phase reporting support

	
	
	



Table 3A CJT calibration: issues
	Topic
	Moderator comments and proposals

	11
	[116] Agreement
For the Rel-19 aperiodic standalone CJT calibration reporting, support the following:
· The UE is configured with NTRP NZP CSI-RS resources/resource sets via higher-layer (RRC) signalling where NTRP{1, 2, 3, 4} 
· FFS (by RAN1#116bis): Whether further restriction(s) on applicable NZP CSI-RS resources/resource sets need to be introduced (e.g. number of ports, only TRS with multiple resource sets, TD/FD locations, QCL assumptions)
· For the purpose of CJT calibration reporting, decide, by RAN1#116bis, from the following
· Opt1:  The UE reports for all the configured NTRP NZP CSI-RS resources/resource sets
· Opt2: The UE reports for N out of NTRP NZP CSI-RS resources/resource sets where the selection of N resources/resource sets is dynamically signalled by the NW to the UE 
· Opt3: The UE reports for N out of NTRP NZP CSI-RS resources/resource sets where the selection of N resources/resource sets is performed by the UE and included in the CSI report 
· Interference measurement is not supported, hence neither CSI-IM nor NZP CSI-RS resource for interference measurement can be configured (analogous to Rel-18 TDCP)
· FFS: One-part or two-part UCI on PUSCH (analogous to Rel-18 TDCP)
· The priority of the CSI report(s) is the same as CSI report(s) not carrying L1-RSRP or L1-SINR (analogous to Rel-18 TDCP)


[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)


Q11.1: Please share your view on your preferred option (Opt1 vs Opt2 vs Opt 3) for N in relation to NTRP and its signaling/configuration

This is the current situation
· Opt1 (proposal 3.A): Samsung (with ‘invalid‘), Qualcomm, ZTE (no ‘invalid’), Ericsson (with ‘invalid‘), Huawei/HiSi, vivo (with ‘invalid‘), OPPO, NTT DOCOMO (with ‘invalid‘), Spreadtrum, Lenovo/MotM (2nd), Intel, AT&T (with ‘invalid’), Google, Fujitsu, Sharp, Xiaomi, CATT, Apple (with ‘invalid’),   
· Opt3: vivo, Ericsson, IDC, Lenovo/MotM

FL assessment: 
· Opt2 lacks technical motivation since the use of CJTC reporting presupposes lack of knowledge at the NW
· Opt1 can facilitate Opt3 as well via ‘out-of-range’ state/hypothesis (already agreed for D/d reporting) 


	14
	[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)
· …

[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)
· …

[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, study and decide, by RAN1#116bis, whether to 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 
· FFS: whether M>1 (sub-band reporting) is needed or not (M=1, i.e. wideband reporting) 
· For the reference CSI-RS resource/resource set nref, the value of nref 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)
· …


[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


Q14.1: Please share your view on whether nref should be fixed (be specific), NW-configured via higher-layer (RRC) signaling, and UE-selected (including in the report)
· There doesn‘t seem to be any technically sound reason to have different nref mechanisms for different CJTC report types. The same mechanism will apply to D/d, FO, and (if supported) DL/UL phase reporting

This is the current situation
· UE-selected (proposal 3.D): Samsung, Qualcomm, ZTE, Ericsson, Huawei/HiSi, vivo, OPPO, NTT DOCOMO, Spreadtrum, Lenovo/MotM, Intel, AT&T, Google, Fujitsu, Sharp, Xiaomi, CATT, Apple,   

FL assessment: 
· No technically sound reason to have different nref mechanisms for different CJTC report types. The same mechanism will apply to D/d, FO, and (if supported) DL/UL phase reporting
· “NW-configured“ lacks technical motivation since the use of CJTC reporting presupposes lack of knowledge at the NW
· Fixed nref would complicate alphabet design (especially dynamic range) and potentially results in slightly higher UCI payload
· UE-selected nref seems the most natural and simplest 


	15
	[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, study and decide, by RAN1#116bis, whether to 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 
· FFS: whether M>1 (sub-band reporting) is needed or not (M=1, i.e. wideband reporting) 
· For the reference CSI-RS resource/resource set nref, the value of nref 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 n,m indicates a uniformly quantized phase between –A and A, or 0 and A
· FFS (by RAN1#116bis): supported quantization alphabet(s) (including A and resolution) for n,m 
· FFS: Detailed UCI design


[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


Q15.1: Please share your view on whether DL/UL phase offset reporting should be supported and, if so, your view on M=1 (wideband) vs. M>1 (subband) – based on technical reasoning, please

This is the current situation
· Proposal 3.E: Samsung, Qualcomm, ZTE, Ericsson, OPPO, Huawei/HiSi, NTT DOCOMO (open), Lenovo/MotM, Intel, Google, Fujitsu, Sharp, CATT, Apple,   
· M=1: Samsung, Qualcomm, Ericsson, OPPO, Huawei/HiSi, Lenovo/MotM, Intel, Apple, Sony    
· M>1: ZTE (wideband + slope), CATT, Ericsson (open), Sharp (open)





Table 3B CJT calibration: views from companies
	Company
	Input

	Mod V0
	Please share your views on the offline questions in TABLE 3A

	Samsung
	Topic 11: We agree with FL assessment that Opt1 is preferred. We also support ‘out-of-range’ (or in Rel-18 TDCP, termed ‘invalid’) hypothesis as one of the codepoints for all CJT calibration report types.

Topic 14: We also agree with FL assessment that UE-selected nref (and included as a part of the UCI) is the best solution.

Topic 15: We support DL/UL phase offset reporting (we will provide SLS results in our next reply) with only M=1. We fail to see the need for M>1 unless there is some significant presence of DL/UL timing offset which results in phase drift across frequency domain. While some DL/UL timing offset is present (e.g. brought up by Qualcomm in Athens), it is unclear if sub-band (M>1) reporting is needed. 


	ZTE
	Q11.1:
Support opt 1, i.e., N = NTRP. If N < NTRP, there could be redundant design of TRP selection (considering the ‘dn’ in delay reporting). Moreover, N = NTRP would not increase much reporting overhead.

Q14.1:
Support UE-selected reference. The UE can always select the minimum delay/frequency/phase as the reference, so that the quantization range would be always 0~A.

Q15.1:
Support inter-TRP phase reporting. Phase reporting is valid to facilitate reciprocity calibration in TDD mode. Besides, if there exists inter-TRP UL/DL timing misalignment, the inter-TRP phase may linearly vary across subbands. Therefore, indication of the variation or the varying slope is needed.
Moreover, although inter-TRP phase reporting is proposed for TDD reciprocity, in FDD mode, inter-TRP phase reporting can also provide an initial phase for inter-TRP delay compensation (the delay misalignment is compensated via co-phasing across subbands). 

	Qualcomm
	Q11.1: Prefer the simplest Opt1: Report all

Q14.1: No strong view, either fixed, or UE-selected nref

Q15.1
Can be per-wideband, if we also have inter-TRP timing misalignment report – otherwise, M>1 (subband) reports is needed and UCI would be redundant (but for larger timing misalignment like sec-level, even subband-granularity is not enough).
Although, we understand CATT’s motivation to have per-subband phase report (according to our observations during the last RAN1#116 meeting), is that the RF circuitry has some subband-specific calibration need. However, this depends on how the EVM is modeled. Given the limited time of Rel-19, we prefer not to extend the study scope (trying to solve the subband-specific phase introduced by RF circuitry).

	Ericsson
	Q11.1
Note the motivation for Opt3 is not really to reduce overhead.  The overhead for these types of report are relatively small, so it is not the main motivation for Opt 3.  If a particular TRP is quite weak (i.e., low RSRP observed by the UE from that TRP), then measurement of delay offset, frequency offset, etc would result in erroneous measurements at the UE.  If UE feeds back these erroneous measurements to the network, then the network doesn’t know about the quality of the measurement and using these erroneous measurements for CJT pre-compensation may lead non optimal CJT performance.  As mentioned by FL, one way of facilitating Opt 3 is to have a ‘out-of-range’ or ‘invalid’ quantization codepoint in the report of delay offset, frequency offset, etc.  This way, the UE has the possibility to report an invalid codepoint for weak TRPs.  So we can accept Opt 1 + one ‘invalid’ codepoint as a compromise.  Recall that ‘TRP selection’ is an agreed use case and it is important to support a mechanism to facilitate TRP selection for FO reporting.  In our view, having an ‘invalid’ codepoint can facilitate this use case.

Q14.1
We support UE selected nref.

Q15.1
Wideband reporting can be a starting point.  Open to discuss on the need for sub-band reporting.

	OPPO
	Q11.1:
Opt.1 is preferred. Considering we already have UE based TRP selection in CJT codebook, we don’t need to additionally introduce a similar scheme here. 

Q14.1:
Fine with fixed reference TRP (e.g. the first configured resource) or UE-selected TRP (e.g. with the minimal delay/frequency offset value).

Q15.1:
We can support DL/UL phase offset reporting. However, we don’t think subband reporting is needed, considering we already have delay offset reporting separately.


	Vivo
	Issue 11
If the UE is in a poor SNR environment, the time offsets and frequency/phase offsets measured by UE may have large errors, which may cause lower reliability and greater error.
[image: ][image: ]
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As shown in the above LLS results, when the SNR of the channel is low, the accuracy of frequency offset estimation is very unreliable. Such reporting to NW is not useful as BS cannot rely on it to do any compensation. Hence we support Opt 3 to let UE select N. If option 1 is adopted, it is needed to have an “Out of range” or “Invalid” state in the quantization states of frequency offset reporting.

Issue 14
We support to let UE report n_ref.

	Huawei, HiSilicon
	For Q11.1, support option 1, UE reports all configured CSI-RS resources/resource sets.

For Q14.1, UE selected reference TRP is preferred. If nref is fixed, there may be cases the fixed TRP has large delay/frequency difference with other TRPs. Selection by the UE helps the UE to better quantify and report the difference.

For Q15.1, the DL/UL phase offset reporting is important for TDD CJT calibration to align the selected precoders between TRPs, which are derived from DL/UL reciprocity. For the phase reporting, since the phase offset are assumed to be the same across PRBs, wideband reporting (M=1) seems to sufficient.

	InterDigital
	Q11.1
Support Option 3 to enable TRP selection. If restrictedCMR-Selection is configured, the TRP selection cannot be performed using the CJT codebook because the number of selected CSI-RS resources is . We prefer to have a separate method from the CJT codebook to let the UE select TRPs based on the measured offsets.  

	Mod V16
	Added proposals 3.A, 3.D, and 3.E based on the comments from companies 


	Spreadtrum
	Proposal 3.A: Support the proposal. UE needs to report for all the configured NTRP NZP CSI-RS resources as required.
Proposal 3.D: Support the proposal. The selection of nref will impact the measurement accuracy, UE selection is the best way. 

	NTT DOCOMO
	For Q11.1, support option 1 (with “invalid” information report). For delay, we believe TRP selection and offset report are already agreed. We prefer to follow the similar principle for FO. 

For Q14.1, support UE selected reference TRP

For Q15.1, open to discuss. 

	Lenovo/ MotM
	Issue 11: 
We are fine with either Alt3 (1st preference) or Alt1 (2nd preference)

Issue 14:
We prefer UE-selected nref, which can help minimize the synchronization error range by selecting the TRP closest to the mean time/freq offset

Issue 15:
Agree with FL assessment, WB reporting suffices

	Mod V20
	Updated summary of companies’ positions 


	Intel
	For proposal 3.A, support. Our view is that the selection of Opt1 and Opt3 highly depends on the payload size of CJT calibration report. If the payload size is relatively small, Opt1 (UE report all the configured NZP CSI-RS resources/resource sets) is much simpler and may provide full insight on the misalignment between TRPs.

For proposal 3.D, we are fine with it. UE may select the reference TRP to ensure that delay or frequency offset is always positive value, which may help save the signalling overhead slightly.

For proposal 3.E, support. we support DL/UL phase offset reporting and we think it is important for TDD DL/UL reciprocity compensation. We share a similar view as other companies that wideband reporting is sufficient, given that inter-TRP delay offset reporting is always supported.



	AT&T
	Issue 11, Q11.1: 
· Support Alt1 (with “invalid” information report)

Issue 14, Q14.1:
· Support the UE-selected nref 

Proposal 3.A: Support

Proposal 3.D: Support


	Google
	Issue 11:
Support proposal 3.A. This seems to be straight-forward, since we agreed to report the 1-bit indicator.

Issue 14:
For proposal 3.D, we think it is better to pre-define the nref as the first reported CSI-RS resource to reduce the overhead. Therefore, no additional overhead is required to report the nref.

Issue 15:
Support proposal 3.E.




	Fujitsu
	Proposal 3.A: Support the proposal. For option 1, UE still can select TRPs in the phase of PMI calculation based on R18 CSI enhancement.
Proposal 3.D: Support the proposal. In that case, we also support some explicit restriction on UE selection, such as UE should select the minimum value of delay as the reference TRP.
Proposal 3.E: Support the proposal in principle. Similarly as delay reporting, UE also should select the TRP with minimum phase. In that case, the quantized value n,m can be only between 0 and A

	Sharp
	Proposal 3.A: Support. For Opt3, the UE can reduce UCI bits if some of multi-TRPs is already calibrated. However, Opt3 needs two parts and has some restriction. For example, Part 1 and Part 2 need to be separately encoded as two codewords conveyed on only PUSCH. For this reason, we prefer Alt 1 to Alt 3.
Proposal 3.D: Support. When the UE simultaneously receives NTRP transmissions, the downlink timing needs to be adjusted by the shortest propagation delay. However, the gNB does not identify the shortest propagation delay among NTRP CSI-RS resource sets until receiving the CSI reporting. Therefore, the UE should select and report the reference CSI-RS resource set that has the shortest propagation delay.
Proposal 3.E: Support. We are open to discuss M>1.

	Xiaomi
	Proposal 3.A: 
Support opt 1

Proposal 3.D
Support UE to select and report the nref. 

	CATT
	Topic 11:
Q11.1:  Support Opt 1
Proposal 3.A: we are fine

Topic 14:
Q14.1: Support UE selected, also support NW to configure some constraints (e.g., RSRP threshold) for nref selection, this is to avoid inaccurate estimation and error propagation for inter-TRP offset calculation and compensation.
 
Topic 14:
Q15.1:
Support DL phase offsets report.
According to measurement results in Reference [1][2][3], calibration coefficients vary with frequency. The frequency domain characteristic of the calibration coefficients in [1] are listed in the following figure as an example.
 [image: ]
There are two sources that contribute to the phase misalignment between DL channel and UL channel: (1) the TX/RX phase error, (2) the TX/RX group delay differences. The reciprocity model for the equivalent channel is illustrated in the figure below.
The TX/RX RF chain induced complex gain are denoted as , and the TX/RX group delays are denoted as ,. The phases of the complex gains  will contribute to the TX/RX phase error between TRPs. The TX/RX group delays will contribute to a frequency selective phase error  at frequency .
According to RAN4 requirement the group delay is bounded by 65ns for MIMO transmission. Considering there is group delay for both TX/RX, and different TRPs will have different group delays, the inter TRP TX/RX group delay differences can be quite large. As is mentioned in [3], a single TRP UL/DL delay differences can already achieve~.
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If wideband DL phase offsets are reported, calibration coefficients may be calculated inaccurately. In consequence, the CJT performance will be degraded.
In order to solve this problem, the following two options can be considered:
Option 1: UE reports subband DL phase offsets for the network to determine subband calibration coefficients.
Option 2: UE reports wideband DL phase offsets and wideband timing misalignments for the network to determine subband calibration coefficients.
We are open to discuss both options.
We will provide simulation results in the next round reply.

[1] Cao Y , Wang P , Zheng K ,et al.Experimental Performance Evaluation of Cell-Free Massive MIMO Systems Using COTS RRU With OTA Reciprocity Calibration and Phase Synchronization[J].IEEE Journal on Selected Areas in Communications, 2023(6):41.
[2] Kashif A .Modeling and Compensation of Transceiver Non-Reciprocity in TDD Multi-Antenna Base-Station. 2015.
[3] Jiang X , Cirkic M , Kaltenberger F ,et al.MIMO-TDD reciprocity under hardware imbalances: Experimental results.2015.DOI:10.1109/ICC.2015.7249107.


	Apple
	Q11.1
If we include "invalid"/"out of range" codepoint, we prefer Opt 1 to avoid variable CSI size. 

Q14.1
Either fixed or UE selected, do not see the need for NW configure. 

Q15.1
We support phase offset reporting. 
Whether we support wideband or subband depending on how infra-vendor performs the calibration, i.e., the need for subband calibration at the NW side. Wideband can be the starting point.  

	InterDigital
	Q11.1
Our preference is Option 3. Reporting for all of NTRP does not make much sense, in fact it is not needed. To reduce the variation of CSI size, a max N can be configured.

Q15.1
We are open to have further discussion on this. 


	Qualcomm
	Proposal 3A. 3.D, 3.E: OK


	vivo
	Proposal 3A. 3.D: OK

	ZTE
	Proposal 3.A:
We are fine with the proposal. However, we do not think the ‘invalid’ codepoint is needed for frequency and phase reporting, because there is no exceeding CP issue in delay reporting.
@vivo: We understand the motivation of reporting ‘invalid’ frequency for low-SNR measurement. However, it is difficult for UE to identify whether the SNR is low or high.

Proposal 3.D:
OK.

Proposal 3.E:
OK.

	Ericsson
	Ok for proposals 3.A, 3.D, and 3.E
On the issue of having ‘invalid’ codepoint in 3.A, we agree with the analysis from vivo and support having the invalid codepoint.  Hopefully, we can resolve the FFS in RAN1#116bis.

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

Proposal 3.D
Support.

Proposal 3.E.
Support. We need to discuss the extend of time misalignment (e.g., 65ns isn’t an issue) first whether to consider SB phase-offset reporting or not. But currently, M=1 is enough under the agreed EVM and RAN4 spec definition on time misalignment.

	Mod V40
	Proposal 3.A: no change
· Support/fine: Samsung (with ‘invalid‘), Qualcomm, ZTE (no ‘invalid’), Ericsson (with ‘invalid‘), Huawei/HiSi, vivo (with ‘invalid‘), OPPO, NTT DOCOMO (with ‘invalid‘), Spreadtrum, Lenovo/MotM (2nd), Intel, AT&T (with ‘invalid’), Google, Fujitsu, Sharp, Xiaomi, CATT, Apple (with ‘invalid’),   
· Not support: IDC

Proposal 3.D: no change
· Support/fine: Samsung, Qualcomm, ZTE, Ericsson, Huawei/HiSi, vivo, OPPO, NTT DOCOMO, Spreadtrum, Lenovo/MotM, Intel, AT&T, Google, Fujitsu, Sharp, Xiaomi, CATT, Apple,   
· Not support:

Proposal 3.E: no change
· Support/fine: Samsung, Qualcomm, ZTE, Ericsson, OPPO, Huawei/HiSi, NTT DOCOMO (open), Lenovo/MotM, Intel, Google, Fujitsu, Sharp, CATT, Apple
· Not support:


	OPPO
	Regarding proposal 3.D, we are fine with the proposal if applied to delay/frequency offset reporting. With UE reported reference TRP, though log2N bits is needed for reference TRP reporting, N-1 bits can be saved for offset reporting due to half quantization range for other TRPs. That would result in one bit overhead reduction for N=4. 

However, for phase reporting for UL/DL reciprocity, the quantization range is not impacted by reference TRP selection. The possible phase offset between any two TRPs could be (-pi, pi) (or (0, 2pi), make no difference) regardless of which TRP is the reference TRP. In this case, UE reporting for reference TRP would lead to log2N bits additional overhead (the overhead is even higher than what we saved from delay/frequency offset reporting). Considering the reference TRP is independent for different use cases, we don’t think it is necessary to apply the same scheme for different use cases. For phase reporting, fixed reference TRP is preferred due to lower overhead.
[Mod: I agree that the dynamic range may not be impacted for phase report depending on the agreed dynamic range. On the other hand, using the same scheme for all CJTC reporting types is better (unified framework) else we’d open the door for type-specific over-optimization which would complicate implementation and spec. And the additional overhead, if any, is at most 2 bits (ceil(log2(K)) out of e.g. 20 bits for M=1, or even more for subband reporting. I hope you can reconsider ]

Hence, our proposal is to support UE reported reference TRP for delay/frequency offset reporting, and fixed reference TRP (e.g. first configured resource) for phase reporting. 

	NEC
	Proposal 3.A, 3.D, 3.E: 
   Support

	Mod V45
	Proposal 3.A: no change
· Support/fine: Samsung (with ‘invalid‘), Qualcomm, ZTE (no ‘invalid’), Ericsson (with ‘invalid‘), Huawei/HiSi, vivo (with ‘invalid‘), OPPO, NTT DOCOMO (with ‘invalid‘), Spreadtrum, Lenovo/MotM (2nd), Intel, AT&T (with ‘invalid’), Google, Fujitsu, Sharp, Xiaomi, CATT, Apple (with ‘invalid’), NEC  
· Not support: IDC

Proposal 3.D: no change
· Support/fine: Samsung, Qualcomm, ZTE, Ericsson, Huawei/HiSi, vivo, OPPO (only for delay and FO), NTT DOCOMO, Spreadtrum, Lenovo/MotM, Intel, AT&T, Google, Fujitsu, Sharp, Xiaomi, CATT, Apple, NEC  
· Not support: OPPO (for phase)

Proposal 3.E: no change
· Support/fine: Samsung, Qualcomm, ZTE, Ericsson, OPPO, Huawei/HiSi, NTT DOCOMO (open), Lenovo/MotM, Intel, Google, Fujitsu, Sharp, CATT, Apple, NEC
· Not support:


	KDDI
	Proposal 3.A
Support. For opt. 3, it may contribute to reducing the number of bits in the UCI itself, but since the gNB is forced to assume N=NTRP when scheduling the aperiodic reporting, opt. 3 will ultimately not contribute to reducing the amount of PUSCH resources consumed by the aperiodic reporting.
Regarding the ‘invalid’ codepoint, we also think it is beneficial because it could avoid gNB calibrating with poor quality FO.

Proposal 3.D
We are fine with this proposal. Just to confirm one point with FL, we understand that Proposal 3.D means nref is selected by UE independently for each of delay offset, FO and phase offset (if supported). Is this understanding correct?
[Mod:  You are correct. While the method is the same (nref selected and reported by the UE), each CJTC report will have its own nref – including different types, or reports of the same type but on different reporting instances]

Proposal 3.E
Support. We are open to discuss M>1.


	OPPO
	Regarding Proposal 3.D, if majority companies prefer unified Nref design for different use cases, we could accept it for simplified specification design.
[Mod: Thanks for your compromise and understanding Wenhong]


	Mod V49
	Proposal 3.A: no change
· Support/fine: Samsung (with ‘invalid‘), Qualcomm, ZTE (no ‘invalid’), Ericsson (with ‘invalid‘), Huawei/HiSi, vivo (with ‘invalid‘), OPPO, NTT DOCOMO (with ‘invalid‘), Spreadtrum, Lenovo/MotM (2nd), Intel, AT&T (with ‘invalid’), Google, Fujitsu, Sharp, Xiaomi, CATT, Apple (with ‘invalid’), NEC, KDDI  
· Not support: IDC

Proposal 3.D: no change
· Support/fine: Samsung, Qualcomm, ZTE, Ericsson, Huawei/HiSi, vivo, OPPO, NTT DOCOMO, Spreadtrum, Lenovo/MotM, Intel, AT&T, Google, Fujitsu, Sharp, Xiaomi, CATT, Apple, NEC, KDDI    
· Not support: 

Proposal 3.E: no change
· Support/fine: Samsung, Qualcomm, ZTE, Ericsson, OPPO, Huawei/HiSi, NTT DOCOMO (open), Lenovo/MotM, Intel, Google, Fujitsu, Sharp, CATT, Apple, NEC, KDDI  
· Not support:


	CEWiT
	Q 11.1:
We support Opt 1.

Q 14.1:
We agree with the FL assessment. We support nref selected by the UE

	Sony
	Q11.1
Our preference is option 3, i.e., the UE selects  out of  NZP CSI-RS resources/resource sets and reports them, together with the selection. Option 1, as captured by Proposal 3.A, is also okay for us if it includes an “invalid” codepoint. 
[Mod: proposal 3.A is the best we can achieve now. The support of ‘invalid’ in FFS will be discussed right after proposal 3.A is agreed]
Also, it is unclear to us whether the proposed “invalid” for CJT delay reporting codepoint is the same as the currently agreed “out-of-range” codepoint. It would seem that upon receiving either of these two codepoints, the network may carry out different actions. For example, the network may respond to an “out-of-range” delay report by adjusting the timing of the relevant TRP(s), i.e., by reducing the absolute value of the relative delays of the TRP(s). On the other hand, as suggested by some companies, an “invalid” report might originate from SNR values that are too low as perceived by the UE, which does not necessarily require adjusting the timing of the TRP(s).
[Mod: In the spec they will be functionally equivalent as, e.g. NULL (up to spec editor)]

Q14.1
We agree with the FL analysis and support Proposal 3.D. We also agree with KDDI that the UE can select a different  for each of the delay offset, frequency offset and phase offset CJT report types.

Q15.1
As some companies explain, the frequency dependency of the phase offset between TRP  and the reference TRP can be addressed by the already agreed delay offset report. Then, for the remaining phase offset, which is expected to be largely non frequency-dependent, wideband reporting (i.e., ) can be a good starting point.

	New H3C
	Proposal 3.A: support
Proposal 3.D: support
Proposal 3.E: support

	Mod V52/Final
	Proposal 3.A: no change
· Support/fine: Samsung (with ‘invalid‘), Qualcomm, ZTE (no ‘invalid’), Ericsson (with ‘invalid‘), Huawei/HiSi, vivo (with ‘invalid‘), OPPO, NTT DOCOMO (with ‘invalid‘), Spreadtrum, Lenovo/MotM (2nd), Intel, AT&T (with ‘invalid’), Google, Fujitsu, Sharp, Xiaomi, CATT, Apple (with ‘invalid’), NEC, KDDI, Sony, New H3C, CEWiT  
· Not support: IDC

Proposal 3.D: no change
· Support/fine: Samsung, Qualcomm, ZTE, Ericsson, Huawei/HiSi, vivo, OPPO, NTT DOCOMO, Spreadtrum, Lenovo/MotM, Intel, AT&T, Google, Fujitsu, Sharp, Xiaomi, CATT, Apple, NEC, KDDI, Sony, New H3C, CEWiT        
· Not support: 

Proposal 3.E: no change
· Support/fine: Samsung, Qualcomm, ZTE, Ericsson, OPPO, Huawei/HiSi, NTT DOCOMO (open), Lenovo/MotM, Intel, Google, Fujitsu, Sharp, CATT, Apple, NEC, KDDI, Sony, New H3C    
· Not support:
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