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1 Introduction
In RAN1#116 meeting [1], good progress has been achieved for Rel-19 CSI enhancements. And in this contribution, we provided our views on CSI enhancements.
2 [bookmark: OLE_LINK64][bookmark: OLE_LINK65]Discussion
CSI enhancement for >32 ports
First issue is CSI-RS resource configuration for > 32 ports, and agreements were achieved as:
	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

	Agreement
For the Rel-19 Type-II codebook refinement based on Rel-16 eType-II and Rel-18 Type-II Doppler for up to 128 CSI-RS ports, as well as Rel-19 Type-I codebook refinement for up to 128 CSI-RS ports, support the following (N1, N2) values:
	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 support of total # CSI-RS ports across aggregated resources (=P) and (N1, N2) are subject to UE capability.
· For the Rel-19 Type-II codebook refinement based on Rel-16 eType-II regular codebook, the (N1,N2) values for P=64 are supported as a part of the respective basic feature, while those for P=48 and P=128 are supported as two separate UE capabilities
· For the Rel-19 Type-II codebook refinement based on Rel-18 Type-II Doppler regular codebook, the (N1,N2) values for P=64 are supported as a part of the respective basic feature, while those for P=48 and P=128 are supported as two separate UE capabilities




One issue is to determine the number of CSI-RS resources for aggregating the agreed 48, 64 and 128 ports, to obtain full flexibility for network implementation, we support all the following configurations:
· For aggregating 48 ports:
· K = 2 with legacy 24 ports
· K = 3 with legacy 16 ports
· K = 4 with legacy 12 ports
· For aggregating 64 ports:
· K = 2 with legacy 32 ports
· K = 4 with legacy 16 ports
· For aggregating 128 ports:
· K = 4 with legacy 32 ports
Another issue is port index mapping from legacy CSI-RS resource to port for CSI/PMI calculation, and the port index mapping depends both on new introduced (N1, N2) value and legacy (n1, n2) value for legacy CSI-RS resource, as we agreed no CSI-RS resource enhancement. Based on the agreed new values of (N1, N2) for 48, 64 and 128 ports, we support all possible aggregation pattern based on available (n1, n2) values for legacy 12, 16, 24 and 32 ports, as shown in following table:
Table 1. Aggregation pattern for 48, 64 and 128 ports
	Total # of ports
	New (N1,N2) value
	Number of CSI-RS
	Legacy (n1, n2) value

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

	
	
	3
	(8,1)

	
	(6,4)
	2
	(6,2)

	
	
	4
	(6,1)

	
	
	4
	(3,2)

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

	
	
	2
	(8,2)

	
	
	4
	(8,1)

	
	
	4
	(4,2)

	
	(8,4)
	2
	(8,2)

	
	
	2
	(4,4)

	
	
	4
	(8,1)

	
	
	4
	(4,2)

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

	
	
	4
	(8,2)

	
	
	4
	(4,4)

	
	(8,8)
	4
	(8,2)

	
	
	4
	(4,4)


The aggregation pattern can be 1*K or K*1 or 2*2, shown in Figure 1.


Figure 1. Aggregation pattern for 48, 64 and 128 ports

Proposal 1: Support K=2, 3, and 4 for aggregating 48 ports with legacy 12, 16 and 24 ports, respectively; K=2, 4 for aggregating 64 ports with legacy 16 and 32 ports, respectively; K= 2,4 for aggregating 128 ports with legacy 32 ports.
Proposal 2: Support all of 1*K, K*1 and 2*2 (for K=4) aggregation patterns 48 ports, 64 and 128.
Port of the total number of 48, 64 and 128 ports can be numbered with a unified scheme in N2 dimension first and then in N1 dimension. While the mapping from port index of legacy CSI-RS resource to the port of total number will be different for different aggregation pattern (i.e. based on the legacy value of (n1, n2)). The port mapping can be sequential order with first polarization across N2/n2 resources in N2 dimension -> first polarization across Specifically, 
· Mapping method 1, in case of N2/n2 = 1 (pattern (b) in Figure 1), the port mapping can be sequential order with first polarization across K CSI-RS resources and then second polarization across K CSI-RS resources. 
· Mapping method 2, in case of N2/n2 = K (pattern (a) in Figure 1), the port mapping can be sequential order with first polarization with i-th (i from 1 to N1) n2 ports across K resources, and then second polarization with i-th (i from 1 to N1) n2 ports across K resources.
· Mapping method 3, in case of N2/n2 = K/2 (i.e. N2/n2 = 2 in case of K=2 with 2*2 aggregation pattern, pattern (C) in Figure 1), the port mapping can be sequential order with first polarization with i-th (i from 1 to N1) n2 ports across first two resources, then first polarization with i-th (i from 1 to N1) n2 ports across last two resources, then second polarization with i-th (i from 1 to N1) n2 ports across first two resources, and then second polarization with i-th (i from 1 to N1) n2 ports across last two resources.
We support all the three mapping methods for port index mapping,
Proposal 3: Support all of the three mapping methods for aggregating 48, 64 and 128 ports:
· 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)
· 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),
Another key issue is the design for Type I codebook, in last RAN1 meeting, 6 schemes were listed,
	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) 



Our first preference is scheme 3 with wideband combinations on SD bases to achieve more accurate beams, and one subband can select one combination, there is no big overhead increasing, as the combination is wideband level. While based on companies discussion, it’s proposed to support scheme 1 and scheme 2 [2], which can accelerate the commercial implementation. We can be fine with the two schemes, and if only one should be down-selected, we support scheme 2 only. And if other schemes can also be supported, we can be fine on scheme 1 and scheme 5 (with extended set of orthogonal beams)
Proposal 4: Our first preference is scheme 3, while we can also support scheme 2 if only one scheme to be down-selected. In addition, we can be fine with scheme 1 in addition to scheme 2. Besides, we can also be fine with scheme 5 with extended set of orthogonal beams for 2nd beam selection.
And regarding oversampling factor, we prefer legacy (O1, O2) value (i.e. (4,4)), reducing (O1, O2) value will lead to performance loss even in case of narrow beam with large number of ports.
Proposal 5: Support legacy (O1, O2) value to be (4,4) for Type I codebook refinement.
Another issue is codebook subset restriction, based on the large number of ports, the SD beam will be narrower, in case of one beam is restricted, the surrounded beams are typically to be restricted too. To this extent, one bit in CBSR can correspond to a group of SD bases, which can also reduce signalling overhead for the bitmap of CBSR.
Proposal 6: Support one bit in CBSR corresponding to a group of SD bases.
Multi-CRI based CSI enhancement
In our understanding, Rel-16 Type II based multi-CRI CSI reporting is beneficial for performance, so we would like to support it. Considering the overhead, it’s fine to support M=2 firstly, and more CRIs and overhead reduction can be further considered in future release.
Proposal 7: Support M=2 for CRI based CSI enhancement with Rel-16 eType II .
Calibration reporting for CJT
The first thing is to design the CSI-RS resources configuration for the time/frequency/phase measurement, multiple CSI-RS resources are needed for time/frequency measurement for one TRP, and for multiple TRPs, multiple groups of CSI-RS resources are needed, with each group corresponding to one TRP.
Proposal 8: For CJT calibration reporting, multiple groups of CSI-RS resources can be configured, and each group can correspond to one TRP.
For frequency offset, one main reason is due to the frequency error, and for CJT transmission, the scenario is typical for low speed UE, so doppler shift will not be the dominant factor. The UE can report a value of frequency offset to the terminal device. And in TS 38.104 [2], the frequency error minimum requirement is defined for different BS class, as shown in following table.
 Table 6.5.1.2-1: Frequency error minimum requirement
	BS class
	Accuracy

	Wide Area BS
	±0.05 ppm

	Medium Range BS
	±0.1 ppm

	Local Area BS
	±0.1 ppm


Based on the table, we can see the maximum frequency offset caused due to frequency error is based on carrier frequency and BS class. It’s suitable that the network can provide a range for frequency offset reporting to the UE.
[bookmark: OLE_LINK15]Proposal 9: For frequency offset report, the range for the frequency offset report can be configured to the UE.
3 Conclusion
In this contribution, we provided our views on CSI enhancements for >32 ports and CJT calibration, and we propose:
Proposal 1: Support K=2, 3, and 4 for aggregating 48 ports with legacy 12, 16 and 24 ports, respectively; K=2, 4 for aggregating 64 ports with legacy 16 and 32 ports, respectively; K= 2,4 for aggregating 128 ports with legacy 32 ports.
Proposal 2: Support all of 1*K, K*1 and 2*2 (for K=4) aggregation patterns 48 ports, 64 and 128.
Proposal 3: Support all of the three mapping methods for aggregating 48, 64 and 128 ports:
· 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)
· 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),
Proposal 4: Our first preference is scheme 3, while we can also support scheme 2 if only one scheme to be down-selected. In addition, we can be fine with scheme 1 in addition to scheme 2. Besides, we can also be fine with scheme 5 with extended set of orthogonal beams for 2nd beam selection.
Proposal 5: Support legacy (O1, O2) value to be (4,4) for Type I codebook refinement.
Proposal 6: Support one bit in CBSR corresponding to a group of SD bases.
Proposal 7: Support M=2 for CRI based CSI enhancement with Rel-16 eType II .
Proposal 8: For CJT calibration reporting, multiple groups of CSI-RS resources can be configured, and each group can correspond to one TRP.
Proposal 9: For frequency offset report, the range for the frequency offset report can be configured to the UE.
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