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1 [bookmark: _xl2dgc5pmumw]Introduction
In RAN#102, a work item for NR MIMO evolution for downlink and uplink [1] was agreed with the following objectives.

1. [bookmark: _Hlk146697700]Specify CSI support for up to 128 CSI-RS ports, targeting FR1
0. 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
0. 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)
0. 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


In this contribution, we propose our views on the issues related to Type-II codebook refinement for up to 128 port CSI-RS.

2 Discussion

Massive MIMO is one of the key technologies that enables high downlink spectral efficiency in 5G NR. There has been continuous progress in NR for supporting various features of MIMO technology since Rel-15 to Rel-18. Due to the shift in market from 32T32R to 64T64R, the need to increase the number of supported CSI-RS ports to more than 32 arose to fully realize the potential higher available of RF chains. In RAN #102 meeting, it has been approved to work on enhancements to the existing specifications to effectively support CSI-RS for greater than 32 ports. 

2.1 Resource setting

CSI-RS is transmitted by the BS to the UE to obtain the DL channel state information. The maximum number of CSI-RS ports that can be configured in a CSI-RS resource depends on the number of RF chains present at the BS. The current NR specification supports the transmission of CSI-RS with up to 32 ports. The parameters such as number of ports of the CSI-RS resource, time and frequency allocation of the CSI-RS resource etc., are configured to the UE via RRC. Different types of CDM structures are being employed for transmitting a multi-port CSI-RS. The type of CDM structure employed for a particular number of CSI-RS ports is given in table 7.4.1.5.3-1 in 38.211 as shown below.
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Even though, the maximum number of ports supported by a single CSI-RS resource is limited to 32, the CJT enhancement in Rel-18 supports the CSI-RS reporting of up to 128 ports. The CSI reporting of up to 128 ports is supported in order to support a CJT based mTRP transmission from up to 4 TRPs where each TRP transmitting up to 32 CSI-RS ports. In CJT based mTRP transmission, the configured  CSI-RS resources are located either in the same slot or two consecutive slots. At least from the resource setting perspective, we feel that the existing CSI-RS transmission framework for CJT based mTRP transmission can be considered as the baseline i.e., a 128-port CSI-RS resource is achieved by combining 4 32-port CSI-RS resources and restricting the transmission of all 4 CSI-RS resources within the same slot or two consecutive slots.

Proposal 1: At least for CSI-RS resource setting, the existing CJT based CSI-RS resource setting framework can be considered as the baseline



In order to form a 128 port CSI-RS resource by combining multiple 32 port resources, a port to antenna mapping should be defined. This mapping defines the set of ports that are being transmitted in a particular CSI-RS resource. For simplicity, this association can be based on dividing the antenna panel into multiple sub-arrays. In the example shown below, the panel consists of 128 antennas/TxRUs where each antenna is defined with an index i.e., antennas 1-64 belong to one polarization and 65-128 belong to another polarization. For this example, the port to antenna mapping is defined as shown below.
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Fig: Antenna panel with configuration (M, N, P) = (8,8,2)


	CSI-RS resource index
	Antenna Indices

	0
	{1..4, 9..12, 17..20, 25..28, 65..68, 73..76, 81..84, 89..92 }

	1
	{5..8, 13..16, 21..24, 29..32, 69..72, 77..80, 85..88, 93..96 }

	2
	{33..36, 41..44, 49..52, 57..60, 97..100, 105..108, 113..116, 121..124}

	3
	{37..40, 45..48, 53..56, 61..64, 101..104, 109..112, 117..120, 125..128}


Table: Port to Antenna mapping for (8,8,2) antenna panel


Proposal 2: An association between a CSI-RS resource and the antenna indices should be defined.


2.2 Type-II Codebook refinement for 128-port CSI-RS

The codebook design in NR has evolved over multiple releases since Rel-15 to support different types of scenarios and requirements. There are different types of codebooks supported in NR as per Rel-18 viz., Type-1, Type-1 Multi-Panel, Type-II, Type-II PS, eType-II, eType-II PS, FeType-II PS, eType-II for CJT, FeType-II PS for CJT, eType-II for predicted PMI, FeType-II PS for predicted PMI. It was agreed in RAN #102 that CSI support for up to 128 CSI-RS ports should target enhancements to the existing Type-I, Type-II codebooks. In this section, we discuss about issues related to Type-II codebook refinement.

Type-I codebook has a simplistic design	as it reports the best DFT-vector corresponding to the given channel as the PMI. Whereas, Type-II codebook is based on more complex design where the UE computes a best possible linear combination of L DFT-vectors and reports to the BS. In Type-II codebook, the UE reports a set of L DFT vectors and the coefficients for each of the DFT vector in the reported set. Although Type-II CSI offers large gain, there was still some performance gap form non-ideal CSI especially for MU-MIMO. Hence, in Rel-16 enhancements were made to the Type-II codebook focusing on overhead reduction and extension of Type-II feedback to rank > 2.

The advantage of Type-II over Type-I is that Type-II precoder can represent the dominant eigen vector more accurately than Type-I precoder. As Type-II precoder is a linear combination of L reported DFT vectors, a precoder constructed with higher L value will perform better than the precoder constructed with lower L value. As per the current specification, the supported values of L are {2,3,4,6}. Though increasing the L value provides better gains, it also results in higher reporting overhead. The current supported values of L {2,3,4,6} are carefully selected to provide a very balanced tradeoff between the performance gain and reporting overhead for the 32TRx deployment scenario. With the increase in the number of TRx at the BS, the need to look into supporting higher L values arose. 

In the figure below, we have compared the channel gain for a (4,16,2) antenna panel configuration at the BS for different L values. We have observed that there is a small yet significant gain for L = 8,10
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Fig: Channel gain comparison of 128 port CSI with different L values

Proposal 3: Investigate the need for supporting higher L values, at least L = 8, 10

As mentioned before, increasing L value improves system performance, but it also increases the reporting overhead. Also, with an increase in the number of CSI-RS ports from 32 to 128 also results in significant increase in reporting overhead. The table below describes the increase in the reporting overhead of  field in a CSI report. The number of bits required to indicate  is . 

As shown in the table, there is a significant increase in overhead with the increase in the number of CSI-RS ports. In the case of L = 6, the number of bits required to report  increases more than 100% for 128 port CSI-RS when compared with 32-port CSI-RS. Hence, there is a need to investigate techniques to reduce the signaling overhead with minimal or no performance loss.

Table:  overhead comparison for 32 Port and 128 Port CSI-RS



	L
	32 Ports
	128 Ports

	2
	7
	11

	4
	11
	20

	6
	13
	27

	8
	14
	33










Proposal 4: Study on techniques for reducing the signaling overhead with minimal or no performance loss

3 Summary
The proposals of this contribution are summarized as follows:

Proposal 1: At least for CSI-RS resource setting, the existing CJT based CSI-RS resource setting framework can be considered as the baseline

Proposal 2: An association between a CSI-RS resource and the antenna indices should be defined

Proposal 3: Investigate the need for supporting higher L values, at least L = 8, 10

Proposal 4: Study on techniques for reducing the signaling overhead with minimal or no performance loss
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Appendix I
	Parameters
	Dense Urban

	Carrier frequency
	3550MHz

	Subcarrier spacing
	15kHz for 10MHz

	System bandwidth
	10MHz

	Layout
	Hexagonal grid, 3 sectors per site, 7 sites

	Channel model
	5GCM

	Inter-BS distance
	200m

	BS antenna configuration
	 (M, N, P) = (8,8,2), (dH, dV) = (0.5, 0.8) λ

	UE antenna configuration
	(M, N, P) = (1,1,1,1,1,1,1)


	Channel estimation
	Ideal
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Table 7.4.1.5.3-1: CSI-RS locations within a slot.

Row | Ports | Density | cdm-Type (; 1) CDMgroup | &' r
X P ’ index j
1 1 3 noCDM (o, 1o), (ko + 4,1o), (ko + 8,15) 0,00 o 0
2 1 1,05 [ noCDM (kg lo), 0 0 0
3 2 1,05 [ fd-CDM2 (kg o), 0 01 10
4 4 1 fd-CDM2 (ko,1o), (ko +2,10) 0,1 0,1 |0
5 4 1 fd-CDM2 (ko 1o), (kg 1o + 1) 0,1 01 ]0
6 8 1 fd-CDM2 ko, Lo), (kg lo), (ky lo), (s, lo) 0,1,2,3 01 |0
7 8 1 fd-CDM2 (kg o), (ks 1o), (koo + 1), (kg lg +1) 01,23 0.1 [0
8 8 1 cdm4-FD2- (ko,lo), s, o) 0,1 0,1 |01
TD2
9 12 1 fd-CDM2 (ko lo), (kg Lo), (ka,Lo), (K3, L), (ks lo), (ks,lo) | 0,1,2,345 o1 |0
10 |12 1 cdm4-FD2- (o, 1o), Gy, o), (kz,1o) 0,12 0,1 |01
TD2
11 |16 | 1,05 | fd-COM2 orlo), (s, 1o), (kz, 1o), (ks o), (koo + 1), 0123, 01 [0
Gyl + 1), (g lg +1), (kaylg +1) 4.56.7
12|18 1,05 | cdm4-FD2- (o, o), (ky, Lo, (ko 1o), (ks 1o) 0,1,2,3 0,1 10,1
TD2
13 |24 1,05 | fd-CDM2 (ko,1o), (ky, 1o, (ka,1o), (ko lo + 1), (ky,lo+1), [0,1,2,345, 01 |0
(k2 I + 1), (ko, L), (ky, ), (kzo 1), (ko1 +1), | 6,7,8,9,10,11
(kyly + 1), (kg 1y + 1)
14 |24 1,05 | cdm4-FD2- (ko lo), (ky Lo), (ka,Lo), (o, 1a), (ky 1), (ko) | 0,1,2,345 0,1 10,1
TD2
15 |24 1,05 | cdma8-FD2- (ko 1o), (ky, lo), (kz,10) 012 0,1 101
TD4 2,3
16 32 1,05 fd-CDM2 (ko, 1), (ky, 1o), (kz, 1o), (ks, o), (ko 1o + 1), 0,123, o1 |0
(ky, I + 1), (kaylo + 1), (ks I +1), (koo ), 45867,
(ky, 1), Gz 1), (ks 1), (koo ly + 1), (ky L +1), | 89,10,11,
(ke 1y + 1), (ks Iy + 1) 12,13,14,15
17 |32 1,05 | cdm4-FD2- ko, 1o), (ky,lo), (ko lo), (s, o), (ko 1), (ky,1y), | 0,1,2,3456,7 0,1 0,1
D2 (g, 1), (s, 1)
18 |32 1,05 | cdm8-FD2- (ko lo), Gy, o), (ke 1o), (ks, lo) 0,123 01 101,
D4 2,3
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