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1. Introduction
In RAN#102 meeting, a new WID [1] “NR MIMO Phase 5” was approved. Two of the objectives are for CSI enhancements.
	2. [bookmark: _Hlk146697700]Specify CSI support for up to 128 CSI-RS ports, targeting FR1
a. Type-I codebook refinement supporting up to a total of 128 CSI-RS ports across all resources, assuming legacy CSI-RS resources (with up to 32 CSI-RS ports per resource), based on extension of legacy codebooks
b. Type-II codebook refinement supporting up to a total of 128 CSI-RS ports across all resources, assuming legacy CSI-RS resources (with up to 32 CSI-RS ports per resource), based on extension of legacy codebooks, without modifying any codebook parameter other than introducing additional values for the number of ports codebook parameter(s)
c. Extension of CRI(s)-based CSI reporting (CQI/PMI/RI calculated per CRI for ≥1 CRIs) for hybrid beamforming supporting up to a total of 128 CSI-RS ports across all resources, with up to 32 CSI-RS ports per resource, without new codebook design
3. Specify UE reporting enhancement for CJT deployments under non-ideal synchronization and backhaul, targeting FR1, both FDD and TDD 
a. Inter-TRP time misalignment and frequency/phase offset measurement and reporting, assuming legacy CSI-RS design, with stand-alone aperiodic reporting on PUSCH


In this contribution, we discuss CSI enhancements for up to 128 ports and non-ideal CJT deployment.

2. CSI enhancements for up to 128 ports 
2.1 Type I codebook refinement
2.1.1 CMR configuration and IMR configuration
In last RAN1 meeting, the new port numbers of 48, 64, and 128 are supported, as well as two (N1, N2) configurations for each port number. Configuration of multiple legacy NZP CSI-RS resources with equal port number are supported for aggregating a new port number, as shown in following agreement. There are several FFS to be discussed.

	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



CMR configuration
First, to support 48/64/128 ports, following CSI-RS resource configuration should be supported.
· For 48 ports, K=2 24-port CSI-RS resources are configured;
· For 64 ports, K=2 32-port CSI-RS resources are configured;
· For 128 ports, K=4 32-port CSI-RS resources are configured.
Similar as legacy CMR configuration, the multiple CSI-RS resources can be configured in the same CSI-RS resource set. But whether to support TDM and/or FDM transmissions of multiple legacy CSI-RS resources needs to be discussed. 
· Case 1: 48 ports with K=2 24-port CSI-RS resources.
For this case, the two legacy CSI-RS resources could be configured transmitted within one slot, for either TDM transmission or FDM transmission.
· Case 2: 64 ports with K=2 32-port CSI-RS resources.
For this case, the two legacy CSI-RS resources could be configuration transmitted within one slot for TDM transmission. But FDM transmission cannot be enabled considering the restrictions on CSI-RS resources within the same resource set, i.e., the same density, number of ports, starting RB, and number of RBs, as well as the occupied RE number (i.e., 8) in frequency domain per RB for a 32-port CSI-RS resource. Even for the case of density = 0.5, since the same oddPRBs/evenPRBs should be configured for resources within one set, FDM transmissions of multiple 32-port CSI-RS resources are not possible. But as TDM transmission could enable 1 slot transmission of 64 ports, support of TDM configuration only can be sufficient for this case.
· Case 3: 128 ports with K=4 32-port CSI-RS resources.
In case of TDM transmission configuration, the four legacy CSI-RS resources will occupy two slots at least, which may have the issue of phase discontinuity due to gNB transmitting at different slots and UE receiving at different slots. On the other hand, if FDM transmission is allowed, the four legacy CSI-RS resources could be transmitted within one slot and alleviate this issue. However, for FDM, a UE will be required to receive more CSI-RS ports within smaller number of OFDM symbols (extremely 1 symbol). It may increase UE implementation complexity. Considering analysis above, the impact of two configurations is different and it may be beneficial to support both TDM transmission within two slots and TDM+FDM transmission within one slot. In addition, to make TDM+FDM transmission configuration within one slot possible, some enhancement on configuration restriction for a resource set is needed, e.g., when density = 0.5, different oddPRBs/evenPRBs could be configured for different CSI-RS resources. Two examples with density = 0.5 are shown in Fig.1, where each color represents a legacy CSI-RS resource.
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Fig. 1 Examples of TDM and TDM+FDM transmitted four CSI-RS resources

Proposal 2-1
· For larger than 32 ports, support following CSI-RS resource configuration.
· For 48 ports, K=2 24-port CSI-RS resources are configured and transmitted in TDM or FDM within one slot.
· For 64 ports, K=2 32-port CSI-RS resources are configured and transmitted in TDM within one slot.
· FFS whether to support K=2 32-port CSI-RS resources are configured and transmitted in FDM within one slot.
· For 128 ports, 
· K=4 32-port CSI-RS resources are configured and transmitted in TDM within two slots.
· K=4 32-port CSI-RS resources are configured and transmitted in TDM+FDM within one slot.
· Support this configuration for density = 0.5 with enhancement on configuration of CSI-RS resources within one set.

[bookmark: _Hlk158215183][bookmark: _Hlk161754780]In the meanwhile, irrespective of multiplexing manner, some restrictions should be considered across those configured legacy CSI-RS resources. As discussed above, those multiple legacy CSI-RS resources should be configured in the same resource set, such that the same time domain behavior, periodicity, number of ports, density, starting RB and number of RBs, and cdm-type can be ensured across the resources. In addition, the same powerControlOffsetSS, powerControlOffset, and TCI state should be configured. On the other hand, for TDM+FDM transmission of four legacy CSI-RS resources within one slot, as discussed above, for each two CSI-RS resources in FDM, in case of the same density of 0.5 for both, different {evenPRBs, oddPRBs} value should be configured. 

[bookmark: _Hlk163216003]Proposal 2-2  
· For K = 2 or 4 legacy CSI-RS resources transmitted in TDM, or K = 2 legacy CSI-RS resources transmitted in FDM to support larger than 32 ports, following restrictions are supported, including
· associated with the same CSI-RS resource set,
· the same powerControlOffsetSS, powerControlOffset configuration,
· the same TCI state configuration.
· For K=4 32-port CSI-RS resources transmitted in TDM+FDM to support 128 ports, additional following restrictions are supported, 
· density = 0.5, but different {evenPRBs, oddPRBs} value for the two CSI-RS resources on the same symbols,
· the same time domain symbol location indication for every two CSI-RS resources on the same symbols.

IMR configuration
In legacy specification, the IMR is configured one-to-one mapping with CMR. For the case of larger than 32 ports, multiple TDM and/or FDM transmitted legacy CSI-RS resources are regarded as one CMR for measurement, thus, for each new CMR with 48, 64, or 128 ports, only one IMR needs to be configured, which applies to both ZP-IMR and NZP-IMR.

Proposal 2-3  
· For configured K legacy CSI-RS resources as one CMR, one IMR (ZP-IMR/NZP-IMR) is configured.

Antenna port mapping
For K legacy CSI-RS resources, the mapping of each CSI-RS resource to antenna port index (e.g., 0 ~ X-1, X=48, 64, 128) for CSI calculation needs to be discussed. To ensure sharing of legacy CSI-RS resources with legacy UEs in coexistence scenario (which we believe is a very typical deployment), each CSI-RS resource should correspond to a legacy (N1, N2) configuration with two polarizations. Based on offline email discussion before this meeting [2], three mapping methods are proposed for further discussion. 
	[bookmark: _Hlk163058532]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), 



Different mapping methods are applicable to different coexistence cases with legacy (N1, N2) configurations, as summarized in Table 1. Thus, it is beneficial to support configuration of multiple mapping methods to achieve network deployment flexibility. However, it may lead to additional UE complexity, e.g., different UE behavior on CQI calculation should be introduced for different mapping methods. Based on Table 1, it is observed that mapping method 3 is only applicable to two specific cases, which are not included in 64 port combination that will be basic feature in Rel-19 per a previous agreement. Considering the trade-off between flexibility and complexity, we prefer to support two mapping methods (i.e., mapping method 1 and 2) to be configurable, which should be able to cover the most coexistence cases.
Table 1 Applicable cases of different mapping methods
	Port number
	New (N1, N2) configuration
	Coexistence with legacy (N1, N2) configuration
	Mapping method

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

	
	(6,4)
	(6,2)
	2

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

	
	(16,2)
	(16,1)
	2

	
	(8,4)
	(8,2)
	2

	
	(8,4)
	(4,4)
	1

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

	
	(16,4)
	(8,2)
	3

	
	(16,4)
	(4,4)
	1

	
	(8,8)
	(8,2)
	2

	
	(8,8)
	(4,4)
	3



Proposal 2-4  
· For antenna port mapping, support FL Proposal 1.B.

Proposal 2-5  
· For different mapping methods, define different UE assumption/behavior for CQI calculation.

[bookmark: _Hlk158193970]2.1.2 Codebook enhancement
In last RAN1 meeting, several candidate schemes of codebook refinement were agreed for further down selection.
	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



In legacy Type I single-panel codebook, for rank=1 and first layer of rank > 1 in codebook mode 1, one SD beam is selected from oversampled N1O1N2O2 beams via  and , and subband co-phasing coefficients between two polarizations are reported via . But for different layers in case of rank > 1, the design details for SD beam selection/reporting are quite different depending on the exact rank. For rank 2~4, the orthogonal beams for other layers are additionally reported by . For rank 5~8, fixed orthogonal beams for other layers are predefined. Moreover, subband beam reporting from beam group of L=4 is additionally supported for rank 1~2 in codebook mode 2. For rank 3~4, when port number is equal to or larger than 16, enhanced co-phasing across orthogonal beams is supported with another codebook structure. Such design for Rel-15 Type I single-panel codebook is complicated and not clean enough in our view. Thus, for Scheme 1, we think 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 other layers.
From other schemes, Scheme 3 considers multiple SD beams per layer, which is not Type-I based codebook anymore in our view, thus, Scheme 3 is not supported. Scheme 4 and Scheme 6 consider PMI feedback per-CSI-RS resource which is more aligned multi-TRP or multi-panel structure, which should have lower priority than single-panel structure as there is no deployment of Rel-15 Type-I multi-panel in commercial network so far. Thus, they are also not supported. 
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. The main difference between Scheme 2 and Scheme 2B is that amplitude scaling is further considered for layer-specific inter-polarization in addition to phase scaling. But in our understanding, for those fully coherent up to 128 ports, there is no need to consider additional amplitude scaling. Thus, Scheme 2B is not needed.
In Scheme 5, the SD beam selection per layer seems to be in-between Scheme 1 and Scheme 2. The so-called extended set of orthogonal beams could increase flexibility compared with Scheme 1 and reduce feedback overhead compared with Scheme 2. But the motivation to introduce such a predefined extended set for SD beam selection is not clear, and we do not understand why the set should be predefined like this as we think there exits some other possible predefined pattern for the candidate beam set in-between Scheme 1 and Scheme 2.
Based on analysis above, the Scheme 1 and Scheme 2 can be further studied and compared. We conducted system level simulations for these two schemes. The simulation assumptions are shown in appendix. For fair comparisons, the same total number of antenna elements is assumed for different cases. The average and edge UE throughput gains of 128 ports with Scheme 1 and Scheme 2 over 32 ports are shown in Fig. 2. It is observed that the 128 ports with Scheme 1 could achieve about 30.6% average UE throughput gain and 63.4% edge UE throughput gain over 32 ports. When Scheme 2 is applied, better throughput performance can be achieved with more flexible SD beam selection and reporting. But the additional performance gain is about 6.5% for average UE throughput and 4.2% for edge UE throughput, which is not significant.
[image: ]
Fig. 2 Performance gain of 128 ports with Scheme 1 and Scheme 2 over 32 ports (rank=4)

Observation 2-1
· The case of 128 ports with Scheme 1 could achieve about 30.6% average UE throughput gain and 63.4% edge UE throughput gain over 32 ports.
· The case of 128 ports with Scheme 2 could provide additional performance gain of about 6.5% for average UE throughput and 4.2% for edge UE throughput, over 128 ports with Scheme 1.

Since the additional performance gain brought by Scheme 2 is not so significant, and the reporting overhead as well as UE complexity is higher than Scheme 1, we think Scheme 1 should be supported as baseline scheme. And we’re open to support Scheme 2 additionally. In offline email discussion, there is a FL Proposal 1.A.1 to support these two schemes. We could support it based on analysis above. But we don’t think a third scheme is needed. Thus, we don’t support the FFS on additional schemes.
 
	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 2-6
· For Type I codebook refinement for up to 128 ports, support FL Proposal 1.A.1.
· Not support other schemes.

Regarding (O1, O2) values, there should be performance benefits for (4, 4) compared with (2, 2). The performance gains of (4, 4) and (2, 2) are compared in Fig. 3. It is observed that the performance gap on average throughput is small, about 1.5%, but the performance gap on edge throughput is significant and about 14.7%. On the other hand, the overhead reduction brought by (2, 2) is very small, i.e., 2-bit. Thus, it is preferred to support (O1, O2) to be (4, 4).
[image: ]
Fig. 3 Performance gain comparison between (4, 4) and (2, 2)

Observation 2-2
· For (O1, O2), compared with (2, 2), the configuration of (4, 4) could bring additional performance gain of about 14.7% for edge UE throughput, and about 1.5% for average UE throughput.

Proposal 2-7
· For Type I codebook refinement for up to 128 ports, for RI=1-4, support (O1, O2) = (4, 4).

2.1.3 CBSR signalling enhancement
In last RAN1 meeting, there is an FFS on whether to refine CBSR design to reduce RRC overhead. Considering large signalling overhead brought by CBSR configuration, which is related to the number of SD beams per antenna configuration, it is beneficial to consider enhanced method to reduce signalling overhead. In legacy Type I codebook, 1 bit in CBSR signaling is for indication of one oversampled SD beam. Such fine granularity is unnecessary. We think a coarser granularity for indication can be considered, where 1 bit in CBSR signalling can correspond to multiple oversampled SD beams.

Proposal 2-8
· For Type I codebook refinement for up to 128 ports, support enhanced CBSR configuration signaling with coarser granularity for indication to reduce RRC signaling overhead.

2.2 Type II codebook refinement
2.2.1 CMR configuration
In last RAN1 meeting, it was agreed to support Rel-19 Type-II refinement based on Rel-16 eType-II, Rel-18 Type-II Doppler, and Rel-17 FeType-II PS codebook. The CMR configuration method is generally aligned for Type-I based refinement and Type-II based refinement. But there is an FFS on CMR configuration for Rel-18 Type-II Doppler based refinement for AP-CSI-RS resource configuration, as shown in following agreement.

	[bookmark: _Hlk161823888]Agreement
For the Rel-19 Type-II codebook refinement for up to 128 CSI-RS ports, in accordance to the WID, the following enhancement areas are supported:
· Adding new (N1, N2) values for the Rel-16 eType-II regular and Rel-18 Type-II Doppler regular codebooks where 2N1N2 (>32) is the total number of CSI-RS ports across aggregated NZP CSI-RS resources, and O1=O2=4
· FFS: How to configure the aggregated NZP CSI-RS resources when AP-CSI-RS resources are configured as CMR for Rel-18 Type-II Doppler codebooks
· Adding new PCSI-RS values for Rel-17 FeType-II Port Selection (PS) codebook where PCSI-RS (>32) is the total number of CSI-RS ports across aggregated NZP CSI-RS resources
There will be separate UE feature groups for each of the enhanced codebooks.

Note: Per WID objective 2b, 
· No other legacy codebook design aspects (such as SD/FD/DD basis design including O1/O2, W2/combining coefficient design, codebook parameter definitions and respective values) can be modified.
· Only RI=1-4 is supported 



In legacy Rel-18 Type-II doppler, multiple (i.e., 4, 8, 12) aperiodic CSI-RS resources can be configured in a CSI-RS resource set and the separation between two consecutive CSI-RS resources is defined as m, where m ∈{1,2} slots. Thus, for Rel-18 Type-II Doppler based enhancement, multiple groups of aperiodic CSI-RS resources can be configured in a CSI-RS resource set, where each group includes Ks CSI-RS resources. In this case, the separation between two consecutive groups should be defined as m, where the value of m is related to the value of Ks.

Proposal 2-9
· For Rel-18 Type-II doppler CSI based refinement for up to 128 ports, for aperiodic CSI-RS resources for channel measurement,
· K groups of CSI-RS resources can be configured in one resource set, where each group includes Ks CSI-RS resources.
· The separation between two consecutive groups is m slots. 

2.2.2 Codebook enhancement
In last RAN1 meeting, following agreement was made on codebook enhancement based on Type-II.
	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 



[bookmark: _Hlk158213274]For enhancement based on Rel-16 eType-II and Rel-18 eType-II Doppler, the number of reported coefficients is related to L, M and , but not related to the number of CSI-RS ports. Thus, it is fine to reuse legacy paramCombination configurations. While for enhancement based on Rel-17 FeType-II PS codebook, the number of reported coefficients is related to PCSI-RS, M,  and , which means, just to reuse Rel-17 paramCombination configurations may directly lead to large feedback overhead. Thus, some of the configurations can be deleted. The values of PCSI-RS M  with PCSI-RS=32, 48 and 64 are calculated as shown in Table 2.
Table 2 The comparison on number of reported coefficients for different port number
	paramCombination
	M
	
	
	PCSI-RS M 

	
	
	
	
	PCSI-RS=32
	PCSI-RS=48
	PCSI-RS=64

	1
	1
	¾ 
	½
	12
	18
	24

	2
	1
	1
	½
	16
	24
	32

	3
	1
	1
	¾
	24
	36
	48

	4
	1
	1
	1
	32
	48
	64

	5
	2
	½
	½
	16
	24
	32

	6
	2
	¾
	½
	24
	36
	48

	7
	2
	1
	½
	32
	48
	64

	8
	2
	1
	¾
	48
	72
	96



Based on the Table 2, the paramCombination=8 leads to the largest feedback overhead for coefficients for both PCSI-RS=48 and 64. Thus, at least paramCombination=8 could be excluded. The paramCombination=4, 7 could be also considered to be excluded for PCSI-RS=64.
However, in offline email discussion before this meeting, there is a conclusion on no consensus to remove any parameter combinations supported by legacy. If there is strong objection from other companies on deleting the parameters, we could accept the conclusion. 
	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.  



Proposal 2-10
· Okay to support FL Conclusion 1.E (although our first preference is to remove paramCombination = 8 for PCSI-RS = 48 and 64 for Rel-17 FeType-II PS codebook based refinement for up to 128 ports).

2.2.3 CBSR signalling enhancement
In last RAN1 meeting, there is an FFS on whether to refine CBSR design to reduce RRC signalling overhead. Considering large signalling overhead brought by CBSR configuration due to the increased number of CSI-RS ports, it is beneficial to consider enhanced method to reduce signalling overhead. Firstly, similar as Rel-18 CJT CSI and doppler CSI based on Type II, soft amplitude restriction is less useful and not needed. In addition, for bit sequence in B2 for CBSR configuration, the amplitude restriction is configured per vector in a vector group, which is too specific and coarser granularity for indication can be considered.

Proposal 2-11
· For Type-II based refinement for up to 128 ports, for CBSR configuration, support hard amplitude restriction configuration only. For B2 configuration, support coarser granularity for indication to further reduce RRC signaling overhead.

2.3 Multi-CRI reporting enhancement
2.3.1 Target codebook, and CSI report configuration
In last RAN1 meeting, following agreement was made for target codebook for multi-CRI reporting enhancement.
	[bookmark: _Hlk161823945]Agreement
For the Rel-19 CRI-based CSI refinement for up to 128 CSI-RS ports, regarding the supported codebook(s) for calculating CQI/PMI/RI on each of the M CRI(s), decide, in RAN1#116bis, between the two alternatives: 
· Alt1: only Rel-15 Type-I Single Panel codebook 
· Alt2: Rel-15 Type-I Single Panel codebook and the Rel-16 eType-II codebook
Conclusion
The Rel-17 NCJT CSI is not extended to accommodate the Rel-19 CRI-based CSI refinement for up to 128 CSI-RS ports



For multi-CRI reporting, the supported number of configured CSI-RS resources and the maximum number of ports per CSI-RS resource have been agreed in last meeting. And following agreement was made regarding CSI report configuration.

	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



In offline email discussion before this meeting, there is a FL proposal as follows for target codebook and CSI report configuration. We’d like to provide our views in detail in following.

	[bookmark: _Hlk163053726]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) signaling 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) signaling, and if additional restriction(s) are needed



First, regarding target codebook, for Rel-16 eType-II codebook based enhancement, although we see the potential benefits of measuring and/or reporting multiple CRIs for hybrid beamforming scenario, we’re not sure whether it is practical for UE implementation and network deployment. Thus, our first preference is to support Rel-15 Type-I single panel codebook based enhancement only. On the other hand, if majority support Rel-16 eType-II codebook based enhancement, we would be okay. In that case, some further restrictions should be introduced for the number of configured CMRs (e.g., Ks <=4) and the number of reported CRIs (e.g., M=1), to reduce the UE complexity and feedback overhead.
Second, for the number of reported CRIs, the maximum value of X=4 is reasonable for Rel-15 Type-I single panel codebook based enhancement to balance the flexibility and complexity. In addition, the number of reported CRIs can be configured by NW via RRC signaling. If the number of measured CMRs is larger than the number of reported CRIs, UE still has some freedom to select the CMRs with good performance. Hence, the benefit to support UE selected number for reporting is not clear enough. 
Based on discussion above, we’re okay to support FL Proposal 2.A, although it is not our first preference for target codebook. In addition, we don’t think the FFS on M=2 should be supported considering the complexity of Rel-16 eType-II codebook based enhancement.

Proposal 2-12
· For multi-CRI reporting, okay to support FL Proposal 2.A (although our first preference on target codebook is to support Rel-15 Type-I single panel codebook based enhancement only).
· Do not support the FFS on M=2.

2.3.2 CMR configuration and IMR configuration
For multi-CRI reporting, restrictions on CMR configuration also need to be discussed. For those multiple CSI-RS resources as multiple CMRs for measurement, as they are transmitted for different beams, only TDM transmission is possible, and the TCI state configuration for each CSI-RS resource should be different. But other configuration restrictions discussed in Section 2.1, such as the same CSI-RS resource set, powerControlOffsetSS, and powerControlOffset, could be still applied.
For those configured multiple CSI-RS resources, they are measured as multiple CMRs, so the CSI-IM configuration can follow legacy design, which is one-to-one mapping between CMR and CSI-IM. For NZP-IMR, to obtain different inter-UE interference for different beams, we think it is also beneficial to configure one-to-one mapping between CMR and NZP-IMR.

Proposal 2-13
· For multi-CRI reporting, following configuration restrictions are supported for multiple CSI-RS resources as CMR,
· The same resource set,
· The same powerControlOffsetSS, powerControlOffset configuration,
· Different/separate TCI state configuration.

Proposal 2-14
· For multi-CRI reporting, support configuration of one-to-one mapping between CMR and CSI-IM.
· For multi-CRI reporting, support configuration of one-to-one mapping between CMR and NZP IMR.

2.3.3 Codebook enhancement
If multiple CSIs with separate RI/PMI/CQI per CRI are to be reported, they can be reported in one CSI report. There is no need to consider multiple CSI reports, which has larger specification impact. For multiple CSIs in one CSI report, the design on CSI report in Rel-18 NWES may be generally reused. On the other hand, for those multiple CSIs from single transmission point with different beams, the relationship among those CSIs can be studied and overhead reduction may be applied, where Rel-18 NWES may not be reused directly. For example, for those multiple CSIs measured based on the same port number, the reported RI could be the same. In addition, instead of full-quantization of wideband CQI(s) per CSI, the differential quantization of wideband CQIs across multiple CSIs can be also considered, which was also studied in Rel-18 NWES.

Proposal 2-15
· For multiple CSIs to be reported in one CSI report, study the relationship among those CSIs and overhead reduction methods, e.g., common RI report, differential quantization of wideband CQIs across multiple CSIs, etc.

3. CSI enhancements for non-ideal CJT deployment 
It was pointed out (even during Rel-18) that Rel-18 CJT CSI may not work as expected if several offsets among multiple TRPs (which is inevitable in real fields) are considered. Therefore, as captured in WID, Rel-19 MIMO WI has been decided to work on this issue based on UE assistance, i.e., introduction of UE reporting to help gNB/NW operate CJT properly. 
According to WID description, the following baselines are identified already:
· Target scenarios: FR1, both FDD and TDD
· Offsets to be measured/reported: Inter-TRP, time misalignment, frequency/phase offsets
· Report: Stand-alone aperiodic reporting on PUSCH
Based on the situation above, our view is described below. 

3.1 Views on offline discussion outcomes
There was a good offline discussion before the meeting, in which the following three proposals are provided: 
	[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)
[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
[bookmark: _Hlk162562165]Proposal 3.E: For the Rel-19 aperiodic standalone CJT calibration reporting, given the NTRP configured NZP CSI-RS resources/resource sets and the selected N resources/resource sets, support reporting, in one CSI reporting instance, {n,m n=0, 1, …, N – 1, n≠nref, m=0,1,…,M-1}, where n,m denotes the measured phase offset between the n-th CSI-RS resource/resource set and the reference CSI-RS resource/resource set/ nref for the m-th frequency unit 
· M=1 (i.e. wideband reporting) is supported
· FFS: whether M>1 (sub-band reporting) is also supported depending on, e.g. the extend of DL/UL timing misalignment (cf. use case 3.3) 
· The value n,m indicates a uniformly quantized phase between –A and A, or 0 and A
· FFS: supported quantization alphabet(s) (including A and resolution) for n,m 
· FFS: Detailed UCI design




We basically support all of Proposal 3.A, 3.D and 3.E above. Just one for FFS in Proposal 3.A, we understand that, for delay reporting, “invalid” reporting is already there as per the previous agreement. We think it would also be good if such a “invalid” report is supported for FO reporting. 
Proposal 3-1
· For the Rel-19 aperiodic standalone CJT calibration reporting, support Proposal 3.A/3.D/3/E below
	[bookmark: _Hlk163048117]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)
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
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





3.2 Views on other aspects
On general framework for Rel-19 aperiodic standalone CJT calibration reporting, the following was agreed in the last meeting: 
	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)




Regarding general framework for Rel-19 aperiodic standalone CJT calibration reporting, one FFS was identified for whether to specify restriction(s) on applicable NZP CSI-RS resources/resource sets. We expect the possible design for CMR in Rel-19 CJT calibration reporting could be, e.g., 
· 1-port NZP CSI-RS from each of TRPs
· Reason: we do not identify the clear need of multi-port NZP CSI-RS for a TRP
· 1 OFDM symbol for a NZP CSI-RS resource from a TRP can be sufficient
· Reason: Unless Doppler offset for a TRP needs to be measured/reported, we assume up to 1 OFDM symbol can be sufficient for a TRP
· The same FD location across all the NZP CSI-RSs (i.e., all TRPs)
· Reason: We assume the same FD location makes UE implementation simpler, while introducing almost no drawback
· Different QCL source for different NZP CSI-RS (i.e., different TRP)
· Reuse TRS is somehow preferable, but may not be essential
· Reason: Assuming legacy TRS will be used in Rel-19 CJT scenario anyway, both pre-Rel-19 UE and Rel-19 UE may be able to share a TRS resource if it is used even for Rel-19 CJT calibration reporting. 

The above can be summarized as the following proposal: 
Proposal 3-2
· For the Rel-19 aperiodic standalone CJT calibration reporting, support the following for CMR restrictions:
· 1-port NZP CSI-RS for each of NTRP TRPs 
· 1 OFDM symbol for a NZP CSI-RS resource
· The same FD location across all NZP CSI-RS resources
· Different QCL source for different NZP CSI-RS resource
· Prefer to reuse TRS

There is another FFS on whether one-part or two-part UCI on PUSCH is supported. If we go with Proposal 3.A above, we do not see the need of more than one part. 
Proposal 3-3
· For the Rel-19 aperiodic standalone CJT calibration reporting, support one-part UCI on PUSCH.

For delay offset reporting, the following was agreed: 
	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)
· [bookmark: _Hlk162987887]The value of Dn,offset indicates the interval  which the delay offset falls into
· Down-select, by RAN1#116bis, from the following
· [bookmark: _Hlk163048517]Alt1:  is uniformly spaced between 0 and AD, i.e. , with 
· Alt2:  is uniformly spaced between -AD and AD, i.e. , with 
· Each interval   corresponds to a codepoint, and  and/or  represent ‘out-of-range’ 
· FFS (by RAN1#116bis): supported quantization alphabet(s) (including AD, M)
· dn is a 1-bit indicator associated with the n-th CSI-RS resource/resource set, indicating whether the measured delay offset, plus delay spread, is inside or outside a pre-defined range/interval
· FFS (RAN1#116bis): The pre-defined range(s), e.g. CP length or its multiple
· FFS: Detailed UCI design on codepoint encoding details
· FFS: The need for a new QCL assumption




If offline Proposal 3.D is agreed as it is, the upcoming down-selection of Dn,offset indication range should consider Alt1: uniformly spaced between 0 and AD given that UE can always select and report nref which has the smallest delay. We also assume CP length (or smaller) is a good candidate for AD value. For M (i.e., the number of quantizations), we are open to discuss. 
On FFS related to dn, regarding range for checking if “out-of-range”, we do not understand the need of large range, such as larger than CP length. Thus, we think just a fixed range of CP length seems to be sufficient. 
On FFS related to the need for a new QCL assumption, in our view this is related to what the precompensation target is assumed to be. In Rel-19, as a result of CJT calibration reporting, we expect a UE can be configured with: 1) CSI report for Rel-19 CJT calibration reporting, 2) CSI report for Rel-18 CJT CSI codebook and 3) CJT-PDSCH transmission followed, each of them has DL transmissions (either CSI-RS or PDSCH). We think a pre-compensation target could be (2) and/or (3). From system perspective, (3) is always UE-specific, thus could be a target of precompensation. (2) may or may not be UE-specific, which may depend on whether the intended CJT operation is Rel-16 eType-II regular CB based or Rel-17 FeType-II PS based. For Rel-16 eType-II regular CB based CJT operation, we prefer to consider (2) to be cell-specific; otherwise the impact of CSI-RS overhead per cell will increase. For Rel-17 FeType-II PS based CJT operation, since NZP CSI-RS for CJT CSI codebook is anyway expected to be UE-specific, (2) could also be a target of pre-compensation. 
For precompensation toward (3) (i.e., CJT PDSCH), we believe the baseline should be the following in TS 38.214 that is introduced in Rel-18 CJT CSI: 
	When a UE is configured by higher layer parameter cjtSchemePDSCH and dl-OrJointTCI-StateList and is indicated with two TCI-States applied for PDSCH reception and reports [support for two joint TCI states for PDSCH-CJT]:
-	if the UE is configured with cjtSchemeA, the UE assumes that PDSCH DM-RS port(s) are QCLed with the DL RSs of both indicated TCI-States with respect to QCL-TypeA. 
-	if the UE is configured with cjtSchemeB, the UE assumes that PDSCH DM-RS port(s) are QCLed with the DL RSs of both indicated TCI-States with respect to QCL-TypeA except for QCL parameters {Doppler shift, Doppler spread} of the second indicated joint TCI state.



In our understanding, cjtSchemeA can be considered when any precompensation to CJT-PDSCH compared with CJT CSI-RS is not considered, while cjtSchemeB is rather supported for the case with such a precompensation to CJT-PDSCH. One missing point, when we consider applying this in Rel-19 scenario, would be that the above texts do not consider precompensation of delay as it describes {average delay, delay spread} is always QCLed with source RS irrespective of schemes. To cover this, one potential approach is to add another scheme in which UE can expect CJT-PDSCH to be QCLed with source RS except for {average delay, delay spread} that means QCL Type-B. Moreover, there may be a case where, as a result of precompensation of both delay and frequency offset, CJT-PDSCH is NOT QCLed with source RS for the second indicated TCI-State for any of delay-/frequency (Doppler)-domain. 

Proposal 3-4
· For the Rel-19 aperiodic standalone CJT calibration reporting, regarding delay offset reporting, support:
· For Dn,offset:
· Alt1:  is uniformly spaced between 0 and AD, i.e. , with 
· At least CP length for AD
· For dn, support:
· Pre-defined range to be CP length only
· For the need for a new QCL assumption for CJT-PDSCH: 
· Adding another scheme for QCL assumption, such that QCL-TypeB shall be expected between source RS and CJT-PDSCH for the second indicated TCI-State
· Study the need to consider the case where both delay and frequency domains are precompensated for CJT-PDSCH

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




Firstly, for the first FFS on nref, we believe it is in scope of Proposal 3.D. Hence, once it is agreed, this FFS is also resolved. The same preference also applies from our perspective; we support UE-side selection. 
Regarding the 2nd FFS, it may depend on how CMR looks like. When only 1 OFDM symbol is given to each of NZP CSI-RS resource, then it may be difficult for UE to identify how Doppler shift contributes to the measured per-TRP offset. Thus, it may be straightforward to identify an exact design for CMR first. If possible, we prefer UE to decouple TRP-specific frequency offset and Doppler offset (which may be rather scenario-specific). 
For the 3rd FFS, the question is whether this may work as an enhanced TDCP reporting in Rel-18 or not. Note that, in case TRS is reused without many changes, multiple TRS transmissions per TRP can be considered. 
For FOn down selection, what we believe is important would be to support one-side range (i.e., non-negative value only). Assuming UE selects/reports nref, it should be possible for UE to ensure this. For quantization or interval, we do not have a strong opinion. If we just follow delay offset report, interval can be more straightforward for frequency offset reporting as well. To summarize, Alt2B is slightly preferred. 
For FFS on the need of “out-of-range” value/interval, we think this can be achieved by following the agreed design for delay offset reporting. That is, TRP selection report in terms of frequency offset can be supported. 
For FFS on the need for a new QCL assumption, we do not think it is necessary. As described above, frequency-domain (i.e., Doppler domain) QCL assumption in case precompensation is performed is covered by Rel-18 CJT scheme B. 
Proposal 3-5
· For the Rel-19 aperiodic standalone CJT calibration reporting, regarding frequency offset reporting, support:
· Alt2B (i.e., uniformly spaced in one-side) for value of FOn
· TRP selection reporting in terms of frequency offset


4. Conclusion
In this contribution, we discussed CSI enhancements for up to 128 ports and non-ideal CJT deployment. Based on the discussion, we made following proposals.
Proposal 2-1
· For larger than 32 ports, support following CSI-RS resource configuration.
· For 48 ports, K=2 24-port CSI-RS resources are configured and transmitted in TDM or FDM within one slot.
· For 64 ports, K=2 32-port CSI-RS resources are configured and transmitted in TDM within one slot.
· FFS whether to support K=2 32-port CSI-RS resources are configured and transmitted in FDM within one slot.
· For 128 ports, 
· K=4 32-port CSI-RS resources are configured and transmitted in TDM within two slots.
· K=4 32-port CSI-RS resources are configured and transmitted in TDM+FDM within one slot.
· Support this configuration for density = 0.5 with enhancement on configuration of CSI-RS resources within one set.
Proposal 2-2  
· For K = 2 or 4 legacy CSI-RS resources transmitted in TDM, or K = 2 legacy CSI-RS resources transmitted in FDM to support larger than 32 ports, following restrictions are supported, including
· associated with the same CSI-RS resource set,
· the same powerControlOffsetSS, powerControlOffset configuration,
· the same TCI state configuration.
· For K=4 32-port CSI-RS resources transmitted in TDM+FDM to support 128 ports, additional following restrictions are supported, 
· density = 0.5, but different {evenPRBs, oddPRBs} value for the two CSI-RS resources on the same symbols,
· the same time domain symbol location indication for every two CSI-RS resources on the same symbols.
Proposal 2-3  
· For configured K legacy CSI-RS resources as one CMR, one IMR (ZP-IMR/NZP-IMR) is configured.
Proposal 2-4  
· For antenna port mapping, support FL Proposal 1.B.
Proposal 2-5  
· For different mapping methods, define different UE assumption/behavior for CQI calculation.
Observation 2-1
· The case of 128 ports with Scheme 1 could achieve about 30.6% average UE throughput gain and 63.4% edge UE throughput gain over 32 ports.
· The case of 128 ports with Scheme 2 could provide additional performance gain of about 6.5% for average UE throughput and 4.2% for edge UE throughput, over 128 ports with Scheme 1.
Proposal 2-6
· For Type I codebook refinement for up to 128 ports, support FL Proposal 1.A.1.
· Not support other schemes.
Observation 2-2
· For (O1, O2), compared with (2, 2), the configuration of (4, 4) could bring additional performance gain of about 14.7% for edge UE throughput, and about 1.5% for average UE throughput.
Proposal 2-7
· For Type I codebook refinement for up to 128 ports, for RI=1-4, support (O1, O2) = (4, 4).
Proposal 2-8
· For Type I codebook refinement for up to 128 ports, support enhanced CBSR configuration signaling with coarser granularity for indication to reduce RRC signaling overhead.
Proposal 2-9
· For Rel-18 Type-II doppler CSI based refinement for up to 128 ports, for aperiodic CSI-RS resources for channel measurement,
· K groups of CSI-RS resources can be configured in one resource set, where each group includes Ks CSI-RS resources.
· The separation between two consecutive groups is m slots. 
Proposal 2-10
· Okay to support FL Conclusion 1.E (although our first preference is to remove paramCombination = 8 for PCSI-RS = 48 and 64 for Rel-17 FeType-II PS codebook based refinement for up to 128 ports).
Proposal 2-11
· For Type-II based refinement for up to 128 ports, for CBSR configuration, support hard amplitude restriction configuration only. For B2 configuration, support coarser granularity for indication to further reduce RRC signaling overhead.
Proposal 2-12
· For multi-CRI reporting, okay to support FL Proposal 2.A (although our first preference on target codebook is to support Rel-15 Type-I single panel codebook based enhancement only).
· Do not support the FFS on M=2.
Proposal 2-13
· For multi-CRI reporting, following configuration restrictions are supported for multiple CSI-RS resources as CMR,
· The same resource set,
· The same powerControlOffsetSS, powerControlOffset configuration,
· Different/separate TCI state configuration.
Proposal 2-14
· For multi-CRI reporting, support configuration of one-to-one mapping between CMR and CSI-IM.
· For multi-CRI reporting, support configuration of one-to-one mapping between CMR and NZP IMR.
Proposal 2-15
· For multiple CSIs to be reported in one CSI report, study the relationship among those CSIs and overhead reduction methods, e.g., common RI report, differential quantization of wideband CQIs across multiple CSIs, etc.
Proposal 3-1
· For the Rel-19 aperiodic standalone CJT calibration reporting, support Proposal 3.A/3.D/3/E below
	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)
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
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



Proposal 3-2
· For the Rel-19 aperiodic standalone CJT calibration reporting, support the following for CMR restrictions:
· 1-port NZP CSI-RS for each of NTRP TRPs 
· 1 OFDM symbol for a NZP CSI-RS resource
· The same FD location across all NZP CSI-RS resources
· Different QCL source for different NZP CSI-RS resource
· Prefer to reuse TRS
Proposal 3-3
· For the Rel-19 aperiodic standalone CJT calibration reporting, support one-part UCI on PUSCH.
Proposal 3-4
· For the Rel-19 aperiodic standalone CJT calibration reporting, regarding delay offset reporting, support:
· For Dn,offset:
· Alt1:  is uniformly spaced between 0 and AD, i.e. , with 
· At least CP length for AD
· For dn, support:
· Pre-defined range to be CP length only
· For the need for a new QCL assumption for CJT-PDSCH: 
· Adding another scheme for QCL assumption, such that QCL-TypeB shall be expected between source RS and CJT-PDSCH for the second indicated TCI-State
· Study the need to consider the case where both delay and frequency domains are precompensated for CJT-PDSCH
Proposal 3-5
· For the Rel-19 aperiodic standalone CJT calibration reporting, regarding frequency offset reporting, support:
· Alt2B (i.e., uniformly spaced in one-side) for value of FOn
· TRP selection reporting in terms of frequency offset

Reference
[1] 3GPP RP-234007, “New WID: NR MIMO Phase 5”, RAN#102, Dec. 2023.
[2] 3GPP R1-2402458, “Moderator summary for OFFLINE discussion on Rel-19 CSI enhancements”, Moderator (Samsung), April 2024

Appendix
Table A-1: Simulation Assumptions
	Parameter 
	Value 

	Scenario 
	Dense Urban (macro only) 

	Carrier frequency 
	3.5 GHz

	Multiple access  
	OFDMA

	Inter-BS distance 
	200 m

	Channel model 
	According to the TR 38.901  

	Antenna setup and port layouts at UE 
	4RX: (M, N, P, Mg, Ng, Mp, Np) = (1,2,2,1,1,1,1), (dH,dV) = (0.5, 0.5)λ

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

	BS antenna height  
	25 m

	BS noise figure 
	5 dB

	UE noise figure 
	9 dB

	UE antenna height
	1.5m

	Modulation  
	Up to 256 QAM

	Coding on PDSCH 
	LDPC

	Numerology 
	Slot/non-slot  
	14 OFDM symbols per slot

	
	SCS  
	30 kHz

	Simulation bandwidth  
	10 MHz

	MIMO scheme 
	SU-MIMO (rank=4)

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

	Traffic model 
	Full buffer 

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

	UE receiver 
	MMSE-IRC

	Feedback assumption   
	Realistic

	Channel estimation      
	Realistic
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