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Introduction 
In RAN1#102, a new work item for NR MIMO phase 5 has been agreed. In this contribution, we discuss our view on the remaining issues from RAN1#116 [2] related to CSI enhancements. 
CSI enhancements 
Mapping between CSI-RS ports of K CSI-RS resources to PMI indices
In RAN1#116, the following agreement was made to further study the port mapping between the CSI-RS port indices of K CSI-RS resources to the PMI Ports. During the offline discussion, Proposal 1.B has been agreed supporting three mapping schemes. 
	Agreement
For the Rel-19 Type-I and Type-II codebook refinement for up to 128 CSI-RS ports, regarding NZP CSI-RS resource aggregation to attain 32 < P (or PCSI-RS) ≤ 128, support aggregating at least K=2, 3, or 4 legacy NZP CSI-RS resources with equal number of ports
· FFS (by RAN1#116bis): Mapping from CSI-RS resource index/port index per resource and port index to CSI/PMI calculation, also considering co-existence with pre-Rel-19 UEs 
· FFS (by RAN1#116bis): whether the Rel-18 CJT CMR restrictions (where all resources shall be located within 2 consecutive slots) are reused, or additional restriction(s) are introduced (e.g. PCoffset, CDM type, RS density, TD (co-located in a slot)/FD locations, QCL, …)
· FFS (by RAN1#116bis): Whether legacy resource configuration for interference measurement is reused, or additional restriction(s) are introduced
· FFS: Whether all the K CSI-RS resources are associated with a same CSI-RS resource set or not
· Note: If the supported number of ports does not require aggregation of 3 resources, K=3 can be removed

Proposal 1.B: For the Rel-19 Type-I and Type-II codebook refinement for 48, 64, and 128 CSI-RS ports, regarding the mapping from CSI-RS resource index/port index per resource and port index to CSI/PMI calculation, support NW to configure UE with one of the following mapping methods via higher-layer (RRC) signaling, 
· Mapping method 1: Sequential ordering/indexing within (1st resource, 1st polarization), then (2nd resource, 1st polarization), …, then (Kth resource, 1st polarization), then (1st resource, 2nd polarization), then (2nd resource, 2nd polarization), …, then (Kth resource, 2nd polarization)  
· Mapping method 2: Sequential ordering/indexing within (where K*n2 = N2):
· for the 1st polarization, (1st n2 ports in 1st resource, 1st polarization), (1st n2 ports in 2nd resource, 1st polarization), …, (1st n2 ports in Kth resource, 1st polarization), then (2nd n2 ports in 1st resource, 1st polarization), (2nd n2 ports in 2nd resource, 1st polarization), …, (2nd n2 ports in Kth resource, 1st polarization), … then (N1th n2 ports in 1st resource, 1st polarization), (N1th n2 ports in 2nd resource, 1st polarization), …, (N1th n2 ports in Kth resource, 1st polarization) , 
· and then for the 2nd polarization, (1st n2 ports in 1st resource, 2nd polarization), (1st n2 ports in 2nd resource, 2nd polarization), …, (1st n2 ports in Kth resource, 2nd polarization), then (2nd n2 ports in 1st resource, 2nd polarization), (2nd n2 ports in 2nd resource, 2nd polarization), …, (2nd n2 ports in Kth resource, 2nd polarization), … then (N1th n2 ports in 1st resource, 2nd polarization), (N1th n2 ports in 2nd resource, 2nd polarization), …, (N1th n2 ports in Kth resource, 2nd polarization)
FFS: Exact port indexing within each CSI-RS resource or across K CSI-RS resources
FFS: Whether the following is also supported: 
· Mapping method 3 (for K=4): Sequential ordering/indexing within (where N1=2*n1, N2 = 2*n2):
· for the 1st polarization, (1st n2 ports in 1st resource, 1st polarization), (1st n2 ports in 2nd resource, 1st polarization), then (2nd n2 ports in 1st resource, 1st polarization), (2nd n2 ports in 2nd resource, 1st polarization), …, then (n1th n2 ports in 1st resource, 1st polarization), (n1th n2 ports in 2nd resource, 1st polarization),
· for the 1st polarization, (1st n2 ports in 3rd resource, 1st polarization), (1st n2 ports in 4th resource, 1st polarization), then (2nd n2 ports in 3rd resource, 1st polarization), (2nd n2 ports in 4th resource, 1st polarization), then (n1th n2 ports in 3rd resource, 1st polarization), (n1th n2 ports in 4th resource, 1st polarization),
· and then for the 2nd polarization, (1st n2 ports in 1st resource, 2nd polarization), (1st n2 ports in 2nd resource, 2nd polarization), then (2nd n2 ports in 1st resource, 2nd polarization), (2nd n2 ports in 2nd resource, 2nd polarization), … then (n1th n2 ports in 1st resource, 2nd polarization), (n1th n2 ports in 2nd resource, 2nd polarization),
· and then for the 2nd polarization, (1st n2 ports in 3rd resource, 2nd polarization), (1st n2 ports in 4th resource, 2nd polarization), then (2nd n2 ports in 3rd resource, 2nd polarization), (2nd n2 ports in 4th resource, 2nd polarization), then (n1th n2 ports in 3rd resource, 2nd polarization), (n1th n2 ports in 4th resource, 2nd polarization). 



According to mapping scheme 1, the CSI-RS ports of a CSI-RS resource are mapped to all rows and a subset of columns of the antenna port layout. According to mapping scheme 2, the CSI-RS ports of a CSI-RS resource are mapped to all columns and a subset of rows of the antenna port layout. According to mapping scheme 3, the CSI-RS ports of a CSI-RS resource are mapped to a subset of columns and rows of the antenna port layout. Figure 1 shows the antenna port layout having  columns and  rows. For CSI-RS resources, the mapping of the CSI-RS resources to the antenna port layout/PMI ports according to the three mapping schemes is shown in Figures 1-3. 
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Figure 1:Mapping of K =2 CSI-RS resources to the rows  and columns  of the antenna port layout/PMI ports according to mapping scheme 1, where each resource is mapped to all rows and a subset of columns of the antenna layout.
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Figure 2: Mapping of K =2 CSI-RS resources to the rows  and columns  of the antenna port layout/PMI ports according to mapping scheme 2, where each resource is mapped to all columns and a subset of rows of the antenna layout.
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Figure 3: Mapping of K = 4 CSI-RS resources to the rows  and columns  of the antenna port layout/PMI ports according to mapping scheme 3, where each resource is mapped to a subset of rows and columns of the antenna layout.
For mapping scheme 1, the mapping between the PMI ports and the CSI-RS ports of K CSI-RS resources can be realized by the following equation

where  is the CSI-RS resource index and  is the number of CSI-RS ports associated with each CSI-RS resource. Here, C denotes the number of columns associated with each CSI-RS resource. 
Similarly, for mapping scheme 2, the mapping between the PMI ports and the CSI-RS ports of K CSI-RS resources can be realized by the following equation

where  is the CSI-RS resource index and  is the number of CSI-RS ports associated with each CSI-RS resource. Here, R denotes the number of rows associated with each CSI-RS resource.
Similarly, for mapping scheme 3, the mapping between the PMI ports and the CSI-RS ports of K CSI-RS resources can be realized by the following equation

where  is the CSI-RS resource index and  is the number of CSI-RS ports associated with each CSI-RS resource. Here, R and C denote the number of rows and columns associated with each CSI-RS resource. 
Based on the above equations, the CSI-RS ports of each CSI-RS resource i.e., are one-to-one mapped to the PMI port indices associated with the CSI-RS resource in an increasing order. For example, the 16 CSI-RS ports  associated with first polarization of CSI-RS resource 1 are one-to-one mapped to the antenna ports/PMI ports 0,1,4,5,8,9,12,13,16,17,20,21,24,25,28,29. The ordering is based on the following priority order (ordering across rows first and columns next). 
Proposal: For simplicity, consider the following equations for the mapping of P CSI-RS ports of K CSI-RS resources to  PMI indices. 
 Mapping scheme 1:

Mapping scheme 2:

Mapping scheme 3:

where  is the CSI-RS resource index and  is the number of CSI-RS ports associated with each CSI-RS resource. Here, R and C denote the number of rows and columns associated with a CSI-RS resource. 
From the above mapping schemes, the CSI-RS ports of each CSI-RS resource are either mapped to a subset of columns and all rows (mapping scheme 1) or mapped to all columns and a subset of rows (mapping scheme 2) or mapped to a subset of rows and a subset of columns (mapping scheme 3). It can be noted that the CSI-RS ports of each CSI-RS resource are mapped to a subset of consecutive antenna ports or PMI ports either in the horizontal or vertical dimension. Also, since each CSI-RS resource is associated with a maximum of 32 CSI-RS ports, the angular range of each CSI-RS resource transmission results in a reduced angular range compared to the case where a CSI-RS resource transmission is associated with 128 CSI-RS ports. Therefore, instead of mapping the CSI-RS ports of a CSI-RS resource to consecutive antenna ports of the antenna port layout or PMI ports, the aperture size of the antenna array and each CSI-RS transmission can be increased by using an interleaved mapping scheme. The interleaving approach has several advantages in terms increased channel estimation accuracy as antenna array associated with each CSI-RS resource covers almost the full aperture of the antenna array. Moreoever, using an interleaving scheme may aid the UE to perform an accelerated SD vector selection of the precoder as the UE can estimate the dominant angular direction (i.e., the SD vector selection) using a single CSI-RS resource and need not wait to receive all CSI-RS resources. This may further reduce UE processing time, which also results in a reduced UE complexity for the precoder calculation. Moreover, for high-speed moving UEs, the channel varies over time and Doppler estimation and correction can be easily performed when using interleaved mapping schemes. Considering these advantages, interleaving shall be supported for the three mapping schemes. An example interleaving mapping scheme based on mapping scheme 1 and scheme 2 are shown in Figures 4 and 5, respectively.
Observation: For the current mapping schemes, the aperture area of the antenna array associated with each CSI-RS resource is limited. 
Proposal: Support interleaving of the CSI-RS ports such that the aperture area of the antenna array associated with each CSI-RS resource is increased. 
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Figure 4: Mapping of K =2 CSI-RS resources to the rows  and columns  of the antenna port layout/PMI ports according to an example interleaved mapping scheme 1, where each resource is mapped to all rows and a subset of columns of the antenna layout.
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Figure 5: Mapping of K =2 CSI-RS resources to the rows  and columns  of the antenna port layout/PMI ports according to an example interleaved mapping scheme 2, where each resource is mapped to all columns and a subset of rows of the antenna layout.
Type-I Codebook enhancements
	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


In RAN1#116, a total of 6 schemes have been agreed to be studied. During offline discussion, two schemes have been down selected to be agreed and another two schemes for further study. 
We evaluated Mode A, Mode B and Mode B with amplitude scaling using 2 and 4 scaling coefficients. For Mode B with amplitude scaling, a group of  consecutive antenna ports are associated with a scaling coefficient. Fig.1 shows the performance of Mode A, Mode B and Mode B with amplitude scaling using D = 2 (Mode B-Amp2) and D = 4 (Mode B-Amp4) scaling coefficients. For Mode B scheme, BPSK and QPSK alphabet is used for the phase values, whereas for Mode B-Amp2 and ModeB-Amp4, Rel. 15 3-bit WB amplitude values are considered for amplitude quantization and M = 4 is considered for phase quantization. To control the feedback bits, only 2 phase values are considered for Mode B-Amp4 as in Mode B-Amp2 and Mode B. 
Figure 6 illustrates that Mode B with M =2 significantly outperforms Mode A, yielding an 4% increase in UPT gain alongside an increase of approximately 40 overhead feedback bits. However, Mode B with M =4 yields only 1.3% UPT gain with an additional 60 bits (82%) increase in feedback overhead compared to Mode B with M = 2. Therefore, it can be concluded that using M = 4 yields only a modest improvement in UPT gain compared to the increase in overhead bits. On the other hand, Mode B-Amp2 yields a significant UPT gain of 6% and 1.4% compared to Mode A and Mode B with M = 4, respectively. Note that only 13 (9%) additional overhead bits are needed compared to Mode B with M = 4. Similarly, Mode B-Amp4 with 4 amplitude values and 2 phase values yields approximately 7.5% and 2.7% UPT gain compared to Mode A and Mode B with M = 4. Compared to Mode B with M = 4, Mode B requires an additional 38 bits (26%). 
Observation: Using 4-PSK instead of 2-PSK for Mode B results in UPT gain of only 1.3% with a drastic overhead increment of 60 bits. 
Observation: Mode B with 4-PSK yields UPT gain of 1.3% with 82% increase in feedback overhead compared to Mode B with 2-PSK. 
Observation: Mode B with 2 WB amplitude scaling values (Mode B-Amp2) yields 1.4% UPT gain with 9% increase in feedback overhead compared to Mode B. 
Observation: Mode B with 4 WB amplitude scaling values (Mode B-Amp4) yields 2.7% UPT gain with a 26% feedback overhead increment compared to Mode B. 
Proposal: Support Mode B with 4 WB amplitude scaling values.
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Figure 6: UPT gain versus feebback overhead for Mode A, Mode B and ModeB with D =2 (Mode B-Amp2) and D = 4 (Mode B – Amp4) amplitude scaling coefficients.
Type-II CBSR RRC overhead reduction

	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


Codebook subset restriction has been supported since Rel. 15 NR and is configured to the UE via information element n1-n2-codebookSubsetRestriction.The information element n1-n2-codebookSubsetRestriction forms the bit-sequence  where bit sequences concatenated to form bit sequence B. The wireless device is configured with restrictions for 4 groups out of  groups, wherein each group comprises  orthogonal vectors.  The remaining  groups are not restricted.  The 4 groups are ordered according to the equation , where  and  and wherein  is the group index and  denotes the index of the 4 groups configured with restrictions and the indices are assigned such that  increases as  increases. The bit-sequence  is a -bit indicator and indicates the 4 groups configured with restrictions. The second bit sequence  is the concatenation of bit sequences ,   given by  corresponding to the group indices . The 4 restricted oversampling groups are determined by the wireless device based on the bit-sequence . The bit sequence  is of length  and is defined as . Bits . Bits  indicate the maximum allowed amplitude coefficient  for the vector in group  indexed by , , where the maximum amplitude coefficients are given in the Table 1. 
Table 1: Maximum allowed amplitude coefficients for restricted vectors
	Bits  
	Maximum Amplitude coefficient 

	00
	0

	01
	

	10
	

	11
	1


For large values of  and , the overhead associated with the RRC configuration information element n1-n2-codebookSubsetRestriction increases drastically. This becomes notable as the second bit sequence  scales proportionally with increasing values of  and . One way of reducing the configuration overhead is to configure 2 oversampling groups instead of 4. As many companies are in favor of supporting  instead of , the total number of oversampling groups is going to be 4 and there is no need to restrict all 4 groups. Configuring only 2 oversampling groups for restriction instead of 4 results in 50% overhead reduction related to bitmap . 
Observation: Reducing the number of oversampling groups from 4 to 2 results in 50% overhead reduction associate with bitmap . 
Proposal: For , support only two oversampling groups to be configured for restriction instead of 4. 
Conclusion
In this contribution, we have the following proposals. 
Proposal: For simplicity, consider the following equations for the mapping of P CSI-RS ports of K CSI-RS resources to  PMI indices. 
 Mapping scheme 1:

Mapping scheme 2:

Mapping scheme 3:

where  is the CSI-RS resource index and  is the number of CSI-RS ports associated with each CSI-RS resource. Here, R and C denote the number of rows and columns associated with a CSI-RS resource. 
Observation: For the current mapping schemes, the aperture area of the antenna array associated with each CSI-RS resource is limited. 
Proposal: Support interleaving of the CSI-RS ports such that the aperture area of the antenna array associated with each CSI-RS resource is increased. 
Observation: Using 4-PSK instead of 2-PSK for Mode B results in UPT gain of only 1.3% with a drastic overhead increment of 60 bits. 
Observation: Mode B with 4-PSK yields UPT gain of 1.3% with 82% increase in feedback overhead compared to Mode B with 2-PSK. 
Observation: Mode B with 2 WB amplitude scaling values (Mode B-Amp2) yields 1.4% UPT gain with 9% increase in feedback overhead compared to Mode B. 
Observation: Mode B with 4 WB amplitude scaling values (Mode B-Amp4) yields 2.7% UPT gain with a 26% feedback overhead increment compared to Mode B. 
Proposal: Support Mode B with 4 WB amplitude scaling values.
Observation: Reducing the number of oversampling groups from 4 to 2 results in 50% overhead reduction associate with bitmap . 
Proposal: For , support only two oversampling groups to be configured for restriction instead of 4. 
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	Parameter
	Value

	
	Rel. 18 Type-II Doppler 

	Duplex, Waveform 
	FDD, OFDM

	Multiple access 
	OFDMA

	Scenario 
	UMa

	ISD
	500m

	Frequency range
	FR1 only, 2 GHz

	Channel generation 
	According to the TR 38.901

	Antenna setup and port layouts at gNB
	128 ports: (8,8,2,1,1,1,1), (dH,dV) = (0.5, 0.8)λ

	Antenna setup and port layouts at UE
	4RX: (1,2,2,1,1,1,2), (dH,dV) = (0.5, 0.5)λ

	BS Tx power 
	44dBm

	BS antenna height 
	25m

	UE antenna height & gain
	Follow TR36.873

	UE receiver noise figure
	9dB

	Modulation 
	Up to 256QAM

	Coding on PDSCH 
	LDPC
Max code-block size=8448bit

	Numerology
	Slot/non-slot 
	14 OFDM symbol slot

	
	SCS 
	15kHz

	Simulation bandwidth 
	10 MHz

	Frame structure 
	Slot Format 0 (all downlink) for all slots

	UE distribution
	80% indoor (3 Km/h)

	UE receiver
	MMSE-IRC

	MIMO scheme
	SU/MU-MIMO with rank adaption 

	MIMO layers 
	2 

	CSI feedback
	CSI feedback periodicity: 5 ms
Scheduling delay: 4 ms

	Feedback assumption 
	Realistic 

	Channel estimation 
	Realistic

	Measure 
	Cell-averaged Throughput 
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