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1. Introduction
In RAN1#116bis, several agreements regarding CSI enhancements to support up to 128 ports CSI-RS and aperiodic standalone CJT calibration reporting were made. This contribution continuously discusses on Rel-19 CSI enhancements. 
2. Discussions
CSI-RS design/configuration 
  In the RAN1#116bis, agreements regarding CSI-RS resource index/port index were made as follows. 
	Agreement
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), 
· Other methods are not precluded

Conclusion
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, there is no consensus on supporting mapping method#3 (for K=4, 2x2 aggregation). 


According to above, two mapping methods can be supported in Rel-19. The remaining issue is exact port indexing within each CSI-RS resource or across K CSI-RS resources. For the method 1, following port indexing can be utilized. 
· 
[bookmark: _Hlk165996723]Here,   N is # of CSI-RS ports per resource, K is number of aggregated CSI-RS resources and L is CDM size. Also, how to determine the order of CSI-RS resources to be aggregated should be determined. As a simple way, it can be aggregated by order of CSI-RS resource id or order of CSI-RS resource in CSI-RS resource setting. 
 Proposal 1. For mapping method 1, consider following CSI-RS resource/port indexing
·   where   N is # of CSI-RS ports per resource, K is number of aggregated CSI-RS resources and L is CDM size
· k can be based on the CSI-RS resource id or order of CSI-RS resource in CSI-RS resource setting

Type-I CSI extension
 In the RAN1#116bis, for the Rel-19 Type-I SP codebook refinement for 48, 64, and 128 CSI-RS ports with RI=1-4, it was concluded to support two schemes where one is based on the straightforward extension of Rel-15 codebook and the other one is based on refinement on basis selection. Also, for RI=5-8, following was agreed. 
	Agreement
For the Rel-19 Type-I SP codebook refinement for 48, 64, and 128 CSI-RS ports with RI=5-8, decide, by RAN1#117, from the following schemes:
· Scheme1: adding new (N1, N2) values for the Rel-15 Type-I RI=5-8
· Scheme2: 
· W1 structure: Independent selection of different ceil(v/2) SD basis vectors for RI = v, where each SD basis vector is applied to two respective layers except that, if v is odd, the last SD basis vector is applied to the orphan layer. Each of the SD basis vectors is freely selected from a group of N1N2 orthogonal SD DFT basis vectors via combinatorial indication 
· FFS: mapping between v layers and ceil(v/2) SD basis vectors
· FFS: support of 4 selected SD basis vectors for RI=5-6
· W2 structure:
· For inter-polarization co-phasing, M (e.g., M = 4) codepoints for the orphan layer and M/2 codepoints for two layers sharing a same SD basis vector;
· A fixed  rotation of inter-polarization co-phasing between two layers sharing a same SD basis vector to achieve layer orthogonality.
· Scheme3: the 1st beam is freely selected and subsequent 2 beams (RI=5-6) or 3 beams (RI=7-8) are freely selected such that they are orthogonal in at least one dimension (horizontal or vertical). Layers are mapped to the selected SD basis vectors following legacy Rel-15 for RI=5-8. One co-phasing across all layers ∈{1,j} following legacy Rel-15 Type-I RI=5-8
· Scheme4: concatenate two independently calculated RI=1-4 PMIs for RI=5-8 to reduce UE complexity where each PMI is calculated from the agreed RI=1-4 codebook (Scheme-A or Scheme-B) and the CQI for each of the two CWs is derived assuming it is received by one antenna group of 4 antenna ports (FFS: Whether additional mapping between the two PMIs and the two UE antenna groups is needed)
· Other schemes are not precluded



  As shown above, four schemes are listed. Scheme 1 is straightforward extension of legacy codebook, and Scheme 2-3 have some enhancement on basis selection and/or co-phases. Scheme 4 is similar to UL 8Tx partial coherent codebook. In our view, for RI=5-8, it is not preferred to have multiple schemes as it increases complexity of UE implementation. Also, it is expected to have not much performance difference among the schemes since performance impacts based on selection diversity and/or finer granularity of co-phase is more significant for the case of lower ranks, e.g., RI=1-4. Therefore, for the Rel-19 Type-I SP codebook refinement for 48, 64, and 128 CSI-RS ports with RI=5-8, only one scheme shall be supported. Among four schemes, our preference is scheme 1 as it is straightforward extension of legacy codebook. 
Proposal 2. For the Rel-19 Type-I SP codebook refinement for 48, 64, and 128 CSI-RS ports with RI=5-8, support only scheme 1 (adding new (N1, N2) values for the Rel-15 Type-I RI=5-8).

	Agreement
For the Rel-19 Type-I multi-panel (MP) codebook refinement for 48, 64, and 128 CSI-RS ports, for RI=1-4, decide, by RAN1#117, whether to support Type-I multi-panel (MP) codebook refinement in Rel-19. 
If supported, decide from the following alternatives:
· Scheme1. Based on Rel-15 Type-I MP design directly extended with Ng=K (2, 3, and 4), and new (N1, N2) values
· Scheme2. Based on Scheme4/6 as described in the RAN1#116 agreement
· W1 structure: Reuse legacy Rel-15 Type-I SP SD basis selection with L=1 independently for each of the K NZP CSI-RS resources
· W2 structure:
· Legacy Rel-15 Type-I inter-polarization co-phasing rules independently in each resource,
· Layer-common inter-resource M-PSK co-phasing, where M is further down-selected from {2,4}
· FFS: Whether inter-resource co-phasing is wideband or per subband. 
If so, decide, by RAN1#117, whether port mapping scheme similar to, e.g. Rel-18 Type-II CJT, needs to be specified. 
Note: This topic is lower priority compared to the Rel-19 Type-I SP codebook refinement


  As captured above, it will be decided whether to support Type-I multi-panel (MP) codebook refinement in RAN1#117. In our view, Type-1 MP codebook is more suitable for aggregated CSI-RS resources. Thus, multi-panel codebook enhancement should be considered for Rel-19 Type-I codebook refinement. For the above listed two schemes, our preference is scheme 1 unless scheme 2 provides significant performance gain over scheme 1. If we support both schemes, the total codebook mode can be 4 which leads to increment of UE complexity. Therefore, supporting one scheme is preferable for MP codebook refinement. 
One issue in multi-panel codebook can be whether to increase supported rank. Unlike the Type 1 SP codebook, Type 1 MP codebook supports up to rank 4 which limits overall system throughput. In cases of 64 and 128 CSI-RS ports, to fully utilize increased spatial domain at gNB side and increase overall system throughput, it is preferred to support up to rank 8 in Type 1 MP codebook. For higher rank MP codebook, derivation of orthogonal SD basis vectors and co-phase among layers only need to be discussed. Other parameters can be reused. 
Proposal 3. For the Rel-19 Type-I multi-panel (MP) codebook refinement for 48, 64, and 128 CSI-RS ports, for RI=1-4, support scheme 1. 
Proposal 4. For the Rel-19 Type-I multi-panel (MP) codebook refinement for 48, 64, and 128 CSI-RS ports, consider MP codebook extension to rank 8.  
Table 1 list possible (N1, N2) and (O1, O2) combinations for MP CSI with Ng=K (2, 3, and 4). Further down-selection can be further discussed. 
Table 1 Antenna port layouts for Type 1 MP CSI for 64 and 128 CSI-RS ports
	
	(Ng, N1, N2)
	(O1, O2)

	48 CSI-RS ports
	(2,4,3)
	(4,4)

	
	(2,6,2)
	(4,4)

	
	(2,12,1)
	(4,1)

	
	(3,4,2)
	(4,4)

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

	
	(4,3,2)
	(4,4)

	
	(4,6,1)
	(4,1)

	64 CSI-RS ports
	(2,4,4)
	(4,4)

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

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

	
	(4,4,2)
	(4,4)

	
	(4,8,1)
	(4,1)

	128 CSI-RS ports
	(4,4,4)
	(4,4)

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



Multiple CRI based CSI reporting 
Regarding Rel-19 CRI-based CSI refinement for up to 128 CSI-RS ports, following agreements were made in RAN1#116bis.
	Agreement
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
FFS: The determination of M reported beams
Note: Selection algorithm of CRI(s) from measurement of KS>1 NZP-CSI-RS resources is up to UE implementation.

Agreement
For the Rel-19 CRI-based CSI refinement for up to 128 CSI-RS ports, support the following time-domain behaviours:
· For Rel-15 Type-I SP codebook:
· Aperiodic CSI (channel(s) and multiplexing rules follows legacy)
· Periodic CSI (channel(s) and multiplexing follows legacy), hence wideband PMI only
· Semi-persistent CSI (channel(s) and multiplexing rules follows legacy)
· For Rel-16 eType-II codebook:
· Semi-persistent CSI on PUSCH (channel(s) and multiplexing rules follows legacy)
· Aperiodic CSI (channel(s) and multiplexing rules follows legacy)

Agreement
For the Rel-19 CRI-based CSI refinement for up to 128 CSI-RS ports, the following report quantities are supported:
· ‘cri-RI-PMI-CQI ‘
· ‘cri-RI-LI-PMI-CQI’ (only for Type-I)
· FFS: ‘cri-RI-i1-CQI’ (only for Type-I)
· FFS: ‘cri-RI-i1’ (only for Type-I)

Agreement
For the Rel-19 CRI-based CSI refinement for up to 128 CSI-RS ports, on the configured KS>1 NZP CSI-RS resources, reuse the legacy CMR and IMR rules for the Rel-15 CRI-based reporting. This includes:
· All the KS NZP CSI-RS resources are associated with a same CSI-RS resource set
· KS CSI-IM resources can be configured (implying one-to-one correspondence between KS CMRs and KS CSI-IMs)
FFS: Whether all the KS NZP CSI-RS resources share a same Pcoffset and PcoffsetSS
FFS: Whether or not NZP CSI-RS resource for interference measurement can be configured. FFS further details.


One remaining issue is regarding CSI processing criteria, e.g., CPU occupancy rule, CSI processing timeline. For CPU occupancy rule, it can be simply set . Alternatively, CPU occupancy can be determined between Ks-M measurment only resources and M measurement and reporting resources. Then,  can be a function of Ks-M and M. For the CSI processin time line (e.g., Z/Z’), offset value can be introduced and it can be added or multiplied on top of legacy Z/Z’ values in order to satisfy CSI processing time for multiple CRI-based CSI reporting.
Proposal 5. For Rel-19 CRI-based CSI refinement for up to 128 CSI-RS ports, discuss how to determine CSI processing criteria, e.g., CPU occupancy rule and CSI processing timeline. 
Another issue on multiple CRI based CSI reporting can be CSI reporting overhead since the payload creases as the number of reported CMR and/or IMR pairs increases. Therefore, some reporting overhead reduction can be considered. For instance, we can consider common RI for all CMR and/or IMR pairs. Then, UE only requires to report a single RI value. Alternatively, differential RI/CQI reporting also can be considered. In this case, reference CMR and/or IMR pair whose RI value is reported in absolute value needs to be defined first. Then, based on the reference CMR and/or IMR pair, RI values related to other than reference CMR and/or IMR pair can be reported in differential value. 
Proposal 6. Consider reporting overhead reduction methods for multiple CRI based CSI reporting. 
CJT calibration reporting 
In RAN1#116bis, the following agreements were made to support CJT calibration reporting by taking the use cases for per-TRP delay/frequency/phase offset into account.
	Reporting configuration
Agreement
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’ or ‘out-of-range’ quantization state/hypothesis is supported for all the types of CJT calibration reporting. Note that ‘out-of-range’ is supported for the (Dn,offset, dn) reporting

Agreement
For the Rel-19 aperiodic standalone CJT calibration reporting, for a given CJT calibration report of one [or more] CJT calibration report type, the nref is selected by the UE and reported as a part of the CJT calibration report
· Note: CJT calibration report type refers to the Doffset/d report, FO report, and, TDD PO report

Reporting container
Agreement
For the Rel-19 aperiodic standalone CJT calibration reporting, at least for a CJT calibration report consisting only one type, support one-part UCI on PUSCH 

Reporting contents
Agreement
For the Rel-19 aperiodic standalone CJT calibration reporting, the resolution parameters for n, i.e. M, are NW-configured via higher-layer (RRC) signalling from the candidate values {16, 32}, where .

Agreement
For the Rel-19 aperiodic standalone CJT calibration reporting, regarding frequency offset reporting,  and  represents an ‘invalid’ state
Agreement
For the Rel-19 aperiodic standalone CJT calibration reporting, an ‘invalid’ quantization state/hypothesis is supported for frequency offset and phase offset CJT calibration reporting
· Note: already supported as ‘out-of-range’ for the (Dn,offset, dn) reporting
· FFS (RAN1#117): The need for a condition/event for ‘invalid’ to be specified as a UE procedure e.g. RSRP-based

Agreement
For the Rel-19 aperiodic standalone CJT calibration reporting, regarding phase offset reporting, the value n, indicates a uniformly quantized phase between 0 and 2

Agreement
For the Rel-19 aperiodic standalone CJT calibration reporting, given the NTRP configured NZP CSI-RS resources/resource sets and the selected N resources/resource sets, support reporting, in one CSI reporting instance, {n, , n=0, 1, …, N – 1, n≠nref, =0,1,…,-1}, where n, denotes the measured phase offset between the n-th CSI-RS resource/resource set and the reference CSI-RS resource/resource set nref for the -th frequency unit 
·  =1 is supported
· FFS: whether >1 (sub-band reporting) is also supported. For this decision, companies are encouraged to evaluate performance loss without the support of >1 due to phase offset induced by TX-RX timing misalignment. 
· The value n, indicates a uniformly quantized phase between –A and A, or 0 and A
· FFS: supported quantization alphabet(s) (including A and resolution) for n, 
· FFS: Detailed UCI design

Agreement
For the Rel-19 aperiodic standalone CJT calibration reporting of {FOn , n=0, 1, …, NTRP – 1, n≠nref}, the value of FOn indicates a uniformly quantized frequency offset between 0 and AFO 

Agreement
For the Rel-19 aperiodic standalone CJT calibration reporting of {(Dn,offset, dn), n=0, 1, …, NTRP – 1, n≠nref}, regarding the interval  which Dn,offset falls into,  is uniformly spaced between 0 and AD, i.e. , with  and  represent ‘out-of-range’

Agreement
For the Rel-19 aperiodic standalone CJT calibration reporting, the dynamic range and resolution parameters for delay offset reporting Dn,offset, i.e. (AD, MD), are NW-configured via higher-layer (RRC) signalling from the following candidate values:
· AD ={0.5CP, 0.75CP, CP, 1.5CP, 2CP, , , } where CP and  denote the length of the cyclic prefix according to the current specifications (for normal CP) within a slot and the SCS, respectively
· FFS: Further down-selection of the above candidate values for AD, including the use of a same unit for all supported values
· MD ={32, 64}
· FFS: If TDD TX/RX timing misalignment report is supported, whether different set of candidate MD values is needed
In addition, the inside/outside range for the 1-bit indicator dn is equal to [0, CP].
FFS: Further implicit/explicit restriction(s) on candidate value(s) depending on the CSI-RS configuration

Agreement
For the Rel-19 aperiodic standalone CJT calibration reporting, the dynamic range and resolution parameters for frequency offset reporting FOn, i.e. (AFO, MFO), are NW-configured via higher-layer (RRC) signalling from the following candidate values:
· AFO = {0.01ppm, 0.1ppm, 0.2ppm, f, f/2, f/4,f/8, 1/(4t), 1/(8t), 1/(16t), 1/(32t), 1/(512t)} where f and t denote the SCS and duration of one OFDM symbol, respectively
· FFS: Further down-selection of the above candidate values for AFO, including the use of a same unit for all supported values
· MFO = {16,32}
FFS: Whether additional restriction(s) based on CSI-RS configuration is supported, including implicit configuration of quantization range

QCL assumption
Agreement
For the Rel-19 aperiodic standalone CJT calibration reporting, regarding QCL assumptions, each of the NTRP DL-RSs can be configured with a TCI state via RRC signaling
· ‘The DL-RS’ refers to the CSI-RS configured for CJT calibration measurement
· FFS: Whether additional constraints are needed for the TCI state of the ‘DL-RS’
Agreement
For the Rel-19 aperiodic standalone CJT calibration reporting, assuming the Rel-17/18 unified TCI framework, regarding TCI/QCL, the following is assumed:
· Based on the legacy support of up to 2 TCI states for PDSCH-CJT 



Regarding the number of CPUs for CJT calibration reporting, it would be determined as similar to that of Rel-18 TRS-based TDCP reporting by applying a value proportional to N_TRP with scaling factor X. To be specific, since each of delay-/frequency-/phase-offset is calculated independently, the scaling factor should be determined by the combination of delay-/frequency-/phase-offset to be reported, respectively. In addition, based on n_ref, the time-/frequency-/phase-offset can be computed and then the actual number of TRPs for CPU occupation would be considered as N_TRP-1.
Proposal 7. Regarding CPU occupancy for CJT calibration reporting, consider the followings:
· The combination of delay-/frequency-/phase-offset to be reported
· The actual number of TRPs for computation, i.e., (N_TRP-1)
3. Conclusion
In this contribution, we discussed on CSI enhancement to support up to 128 CSI-RS ports and aperiodic standalone CJT calibration reporting. Based on the above discussion, we have following proposals: 
[bookmark: _GoBack]Proposal 1. For mapping method 1, consider following CSI-RS resource/port indexing
·   where   N is # of CSI-RS ports per resource, K is number of aggregated CSI-RS resources and L is CDM size
· k can be based on the CSI-RS resource id or order of CSI-RS resource in CSI-RS resource setting
Proposal 2. For the Rel-19 Type-I SP codebook refinement for 48, 64, and 128 CSI-RS ports with RI=5-8, support only scheme 1 (adding new (N1, N2) values for the Rel-15 Type-I RI=5-8).
Proposal 3. For the Rel-19 Type-I multi-panel (MP) codebook refinement for 48, 64, and 128 CSI-RS ports, for RI=1-4, support scheme 1. 
Proposal 4. For the Rel-19 Type-I multi-panel (MP) codebook refinement for 48, 64, and 128 CSI-RS ports, consider MP codebook extension to rank 8.  
Proposal 5. For Rel-19 CRI-based CSI refinement for up to 128 CSI-RS ports, discuss how to determine CSI processing criteria, e.g., CPU occupancy rule and CSI processing timeline. 
Proposal 6. Consider reporting overhead reduction methods for multiple CRI based CSI reporting. 
Proposal 7. Regarding CPU occupancy for CJT calibration reporting, consider the followings:
· The combination of delay-/frequency-/phase-offset to be reported
· The actual number of TRPs for computation, i.e., (N_TRP-1)
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