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Introduction 
In RAN#102, a new work item for NR MIMO phase 5 has been agreed. In this contribution, we present and discuss our view on the CSI enhancements pertaining to support up to 128 CSI-RS ports and the corresponding Type-1 and Type-II codebook improvements. 
Support for 128 CSI-RS ports 
Until Rel. 18 3GPP NR, for single TRP transmission, a maximum of 32 CSI-RS ports are supported per CSI-RS resource and the PMI is also reported for a maximum of 32 CSI-RS ports associated with a single CSI-RS resource. However, for Rel. 19 NR MIMO, it has been agreed to support 64 and 128 CSI-RS ports unlike 32 ports until Rel. 18. Therefore, for 64 port transmission, the UE needs to be configured with at least two CSI-RS resources and for 128 port transmission, the UE needs to be configured with at least 4 CSI-RS resources. As the PMI is calculated jointly across all CSI-RS resources, a mapping of the CSI-RS ports of each CSI-RS resource to the antenna port layout or to the PMI ports needs to be defined. 
Observation: As the PMI is calculated across all CSI-RS resources, a mapping scheme to map the CSI-RS resource index and CSI-RS port index to the PMI port index needs to be specified. 
In Rel. 18, for multi-TRP transmission, four CSI-RS resources are supported with each CSI-RS resource associated with 32 CSI-RS ports. Each CSI-RS resource is associated with a TRP. However, as the CSI-RS resources are not from the same TRP, the CSI-RS ports of all CSI-RS resource are mapped to the PMI port index using the mapping function , where  is the PMI port index,  is the total number of CSI-ports of each CSI-RS resource,  is the CSI-RS resource, and   is the CSI-RS port index of a CSI-RS resource. 
However, for Rel. 19 CSI enhancements, all the CSI-RS resources are transmitted from a single TRP unlike Rel. 18 CJT mTRP. When using the mapping scheme specified for Rel. 18 CJT mTRP, the CSI-RS ports of each CSI-RS resource are mapped to a subset of consecutive antenna ports or PMI ports. 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 each CSI-RS transmission can be increased by using an interleaved mapping scheme. This allows 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 resource and need not to 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. 

Observation: Re-using the mapping scheme from Rel.18 CJT MTRP may result in small angular range for each CSI-RS transmission as compared to the angular range resulting from a CSI-RS transmission with all 128 CSI-RS ports. 
Proposal: Study interleaved mapping schemes for mapping the CSI-RS resource index and CSI-RS port index to the PMI port index. 
From the Rel. 19 WID, CSI-RS enhancements are out of WID scope. From the current specification, using a combination of FDM and TDM, two CSI-RS resources can be configured to realize a maximum of 96 CSI-RS port transmission in a slot. However, for 128 port transmission, at least four CSI-RS resources need to be configured on two slots. Therefore, configuration of several CSI-RS resources over at least two slots need to be studied further. 
Observation: The current NR specification does not support the configuration of 128 CSI-RS ports across several CSI-RS resources in a single slot. 
Proposal: Study and support configuration of CSI-RS resources over at least two consecutive or non-consecutive slots. 
To support up to 128 antenna ports, new values of  need to be specified. Although many configurations are possible, efforts to only specify antenna configurations with high interest for real-world deployment should be given the highest priority. Also, 64 ports need to be also supported in addition to 128 ports.  
Proposal: Support at least the following antenna configurations
·   for 64 antenna ports
·    for 128 antenna ports,
where  is the number of antennas in the horizontal dimension and  is the number of antennas in the vertical dimension. 
Type-I codebook enhancements 
In Rel.15 Type-I codebook, a dedicated precoding matrix is specified for each rank index and is constructed using one or more SD vectors and one or more phase values. The precoding vector of each spatial layer is based on phase-only scaling of a single SD vector per polarization. The precoding matrix is designed such that inter-layer orthogonality is always satisfied. Even though the design of Rel. 15 Type-I codebooks results in very low feedback overhead even for rank values up to 8, many design aspects of the Type-I codebook appear to lack a clear motivation and deems unnecessary. Moreover, for rank 3 and rank 4 transmissions and for  ports, the precoding vector per layer is constructed using two identical SD vectors of length  per polarization instead of a single SD vector of length  per polarization as described in the following. The precoding vector for a spatial layer according to the Rel. 15 Type-I codebook has the following form: 

where  is an SD vector drawn from an oversampled codebook of length . The number of scaling factors is  and are given only by phase values i.e., and  and . To report the selected phase value, the value of  is reported to the network per rank value and per subband or wideband. However, for some exceptional cases, especially for rank 3 and rank 4 and for , the precoding vector of a spatial layer has the following form 

where  is an SD vector drawn from an oversampled codebook of length . The number of scaling factors is  and are given only by phase values i.e.,  , , and . To report the selected phase values, the values of  and  are reported to the network per rank value and per subband or wideband. 
Hence, enhancements to the Rel. 15 Type-I codebook are required and are proposed in the following. 
Spatial-domain vector selection: 
The SD vector selection for the -th layer depends on the selected SD vector index of the first layer. In other words, the SD vectors for the -th layer  are selected from a restricted range of vectors adjacent to the selected SD vector of the first layer. For the Rel.19 codebook such a restricted selection of the beams may not be necessary as the usage of adjacent beams for each layer results in narrowing the spatial-domain range. Therefore, for the Rel. 19 Type-I codebook enhancements, the SD vectors for each layer should be freely selected. Moreover, as the PMI is calculated across all CSI-RS resources, a single DFT vector of length  per polarization shall be supported. 
Observation: In the Rel. 15 Type-I codebook, the selection of SD vectors of the -th layer  is dependent on the selected SD vector of the first layer. 
Observation: In the Rel. 15 Type-I codebook, the selection of SD vectors of the -th layer  are from a restricted codebook comprising few SD vectors adjacent to the selected SD vector of the first layer. 
Proposal: Support free SD vector selection per layer for the Rel. 19 Type-I codebook, where each SD vector is of length  per polarization for all rank values.
Scaling factors:
As shown above. except for few cases, the number of scaling factors for all ranks supported in the Rel. 15 Type-I codebook is two. The first scaling factor is associated with the first polarization of the antenna ports and has unit amplitude and zero phase whereas the second scaling factor is associated with the second polarization of the antenna ports and has unit amplitude and non-zero phase. However, for rank 3 and rank 4 transmissions and for  ports, the number of scaling factors is four and all the scaling factors are associated with unit amplitude and non-zero or zero phase.  
However, since the NR specification until Rel. 18 supports not more 64 port transmission per slot, it can be assumed that a maximum of two CSI-RS resources, each associated with 32 CSI-RS ports can be supported per slot. Therefore, to realize a 128-port transmission, four CSI-RS resources need to be configured on at least two consecutive or non-consecutive slots. In situations where the CSI-RS resources are received and estimated separately on different slots, CSI-RS resource wise scaling may be a potential solution to improve the codebook performance. Resource wise scaling involves the scaling of the entries of the SD vector indices (associate PMI entries) associated with the CSI-RS ports of a CSI-RS resource with a common scaling coefficient. In this way, the entries of the SD vector indices associated with a CSI-RS resource can be scaled flexibly to improve the performance while keeping the feedback overhead low. For Rel. 19 Type-I codebook enhancements, the effect of SD vector scaling with two or four scaling coefficients can be studied further. Moreover, based on the learnings from Type-II codebooks in the previous releases, amplitude scaling can also lead to enhanced performances. Therefore, for Rel. 19 Type-I codebooks, one potential solution is to support subband phase scaling and wideband amplitude scaling which aims to improve the performance as well as efficiently limits the feedback overhead. 
Fig.1 shows the performance of the Rel. 19 Type-I codebook for 128 antenna ports using D = 2 and D = 4 scaling coefficients. In the first two cases, D = 2 scaling factors are used, and each scaling coefficient is given only by a phase value, whereas for the remaining two cases, each scaling coefficient is given by an amplitude and phase value. 
In the first case, D = 2 phase only scaling factors are used. The phase values from the Rel. 15 Type-I codebook are re-used as the scaling factors to enforce the inter-layer orthogonality as in the Rel. 15 Type-1 codebook. In the second case, D = 2 phase only scaling factors are used, however, the phase values per layer are freely selected and no inter-layer orthogonality is forced unlike in the first case. The reported single value of the scaling factor is given as , where . In the third case, D = 2 scaling factors are used with both amplitude and phase values for each scaling coefficient. The phase values are freely selected as in case 2 and the amplitude values are selected from the wideband amplitude set specified in Rel. 15 Type-II codebook. In the fourth case, D = 4 scaling factors are used with both amplitude and phase values for each scaling coefficient. The phase values are freely selected per layer as in case 2 and the three phase values are given as , , and , whereas  and . Similar to the third case, the amplitude values are selected from the wideband amplitude set specified in Rel. 15 Type-II codebook. For the third and fourth case, the amplitude values are forced to be identical for a group of four consecutive subbands to control the feedback overhead. From Fig. 1, it can be observed that the second case results only in 1% throughput gain compared to the first case. Compared to the first case, the third case outperforms only marginally (2% throughput gain) as the two scaling coefficients have both amplitude and phase. However, the fourth case significantly outperforms the first case resulting in a throughput gain of 6% as D = 4 scaling coefficients are used with each scaling coefficient have both amplitude and phase value. Form the Figure, it can also be observed that increasing number of scaling coefficients results in increasing throughput gain. As the number of scaling coefficients increases, the phase and amplitude of the entries of the SD beam vector can be flexibly scaled to match the SVD based precoding vector and hence results in improved performances. The advantages of using amplitude values for scaling the DFT vector can be evident from the following observation. From the simulations, it was observed that the selected subband values distributed with in an amplitude range of 0 to 0.9 for rank 1 and rank 2 is found be 0.82 and 0.75, respectively. Therefore, using amplitude values in addition to the phase for the scaling coefficients needs to be further studied. 
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	Figure 1: Throughput gains of Rel. 15 Type-I codebook, Rel. 15 Type-I codebook with layer specific phase (LSP) selection, Rel. 19 Type-I codebook with D = 2 and D = 4 scaling coefficients and 128 antenna ports. 


Observation: CSI-RS resource wise scaling of the SD vector indices (PMI port indices) may result in improved performance. 
Observation: For Rel. 19 Type-I codebooks, wideband amplitude scaling and subband phase scaling with  scaling coefficients results in significant throughput gains compared to Rel. 15 Type-I codebooks.  
Proposal: Study the effect of CSI-RS resource wise scaling of the SD vector indices (PMI port entries) using  or  scaling factors.
Proposal: Consider the following structure for the Rel. 19 Type-I codebook, where the precoding vector of layer v is given by 
 for D = 2 or 

  for . 

Conclusion
In this contribution, we have the following proposals. 
Observation: As the PMI is calculated across all CSI-RS resources, a mapping scheme to map the CSI-RS resource index and CSI-RS port index to the PMI port index needs to be specified. 
Observation: Re-using the mapping scheme from Rel.18 CJT MTRP may result in small angular range for each CSI-RS transmission as compared to the angular range resulting from a CSI-RS transmission with all 128 CSI-RS ports. 
Observation: The current NR specification does not support the configuration of 128 CSI-RS ports across several CSI-RS resources in a single slot. 
Observation: In the Rel. 15 Type-I codebook, the selection of SD vectors of the -th layer  is dependent on the selected SD vector of the first layer. 
Observation: In the Rel. 15 Type-I codebook, the selection of SD vectors of the -th layer  are from a restricted codebook comprising few SD vectors adjacent to the selected SD vector of the first layer. 
Observation: CSI-RS resource wise scaling of the SD vector indices (PMI port indices) may result in improved performance. 
Observation: For Rel. 19 Type-I codebooks, wideband amplitude scaling and subband phase scaling with  scaling coefficients results in significant throughput gains compared to Rel. 15 Type-I codebooks.  
Proposal: Study interleaved mapping schemes for mapping the CSI-RS resource index and CSI-RS port index to the PMI port index. 
Proposal: Study and support configuration of CSI-RS resources over at least two consecutive or non-consecutive slots. 
Proposal: Support at least the following antenna configurations
·   for 64 antenna ports
·    for 128 antenna ports,
where  is the number of antennas in the horizontal dimension and  is the number of antennas in the vertical dimension. 
Proposal: Support free SD vector selection per layer for the Rel. 19 Type-I codebook, where each SD vector is of length  per polarization for all rank values.
Proposal: Study the effect of CSI-RS resource wise scaling of the SD vector indices (PMI port entries) using  or  scaling factors. 
Proposal: Consider the following structure for the Rel. 19 Type-I codebook, where the precoding vector of layer v is given by 
 for D = 2 or 

 for .
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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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