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Introduction
[bookmark: OLE_LINK5][bookmark: OLE_LINK8]In RAN# 102, a new Rel-19 work item on NR MIMO evolution was approved [1]. The objectives related to CSI enhancement are listed as follows. 
	Objective:
2. [bookmark: _Hlk146697700]Specify CSI support for up to 128 CSI-RS ports, targeting FR1
a. 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
b. 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)
c. 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
3. Specify UE reporting enhancement for CJT deployments under non-ideal synchronization and backhaul, targeting FR1, both FDD and TDD 
a. Inter-TRP time misalignment and frequency/phase offset measurement and reporting, assuming legacy CSI-RS design, with stand-alone aperiodic reporting on PUSCH



In this contribution, we present our views on the issues of CSI-RS port extension and the reporting for CJT enhancement.
Discussion
To address the issue of coverage and higher DL spectrum efficiency, the support of larger antenna array with larger number of CSI-RS ports for CSI measurement and reporting is concluded to be specified in Rel-19, which requires an associated adjustment of the CSI-RS pattern and the codebook.
RS configuration
According to Rel-18 CSI framework, at most 32 CSI-RS ports can be supported [2]. However, more than 32 TRx for massive MIMO can be deployed in FR1. The candidate number of supported CSI-RS ports can be 48, 64, 96 and 128 to support flexible gNB implementation. Therefore, parameters (N1, N2) in [2] should definitely be supplemented. We think the configurations of (N1, N2) = (8, 4), (8, 6), (8, 8), (12, 2), (12, 4), (16, 2), (16, 4), (16, 4) for a given number of CSI-RS ports be supported as follows.
Table 1: Supported configurations of (N1, N2) and (O1, O2) 
	
[bookmark: MCCQCTEMPBM_00000083]Number of 
CSI-RS antenna ports, 
	

	


	
	
	

	48
	(6,4)
	(4,4) ,(2,2)

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

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

	
	(24,1)
	(4,1) ,(2,1)

	64
	(8,4)
	(4,4) ,(2,2)

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

	
	(32,1)
	(4,1) ,(2,1)

	96
	(8,6)
	(4,4) ,(2,2)

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

	
	(16,3)
	(4,4) ,(2,2)

	
	(24,2)
	(4,4) ,(2,2)

	
	(48,1)
	(4,1) ,(2,1)

	128
	(8,8)
	(4,4) ,(2,2)

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

	
	(32,2)
	(4,4) ,(2,2)

	
	(64,1)
	(4,1) ,(2,1)



Similarly, the foreseen CSI extension up to 128 CSI-RS antenna ports requires refinement of Type 1 Multi-Panel Codebook. The supported number of CSI-RS antenna ports should at least include 64 and 128. Accordingly, the supported configurations of (Ng, N1, N2) for Type 1 Multi-Panel Codebook in Table 5.2.2.2.2-1 of [2] can be extended as follows


Table 2: Supported configurations of  and 
	
Number of 
CSI-RS antenna ports, 
	

	


	
	
	

	64
	(2,16,1)
	(4,1), (2,1)

	
	(4,8,1)
	(4,1) ,(2,1)

	
	(8,4,1)
	(4,1) ,(2,1)

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

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

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

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

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

	128
	(16,4,1)
	(4,1) ,(2,1)

	
	(8,8,1)
	(4,1) ,(2,1)

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

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

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

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

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

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

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



Proposal 1: The candidate number of supported CSI-RS ports can be 48, 64, 96 and 128 for Type 1 Single-Panel Codebook design.
Proposal 2: At least support 64 and 128 CSI-RS antenna ports for Type 1 Multi-Panel Codebook design.
CSI-RS pattern
Since it has been concluded to increase the number of ports for CSI reporting (up to 128 CSI-RS ports). CSI-RS patterns within a slot summarized in Table 7.4.1.5.3-1 in [3] should be accordingly extended. The patterns can be designed as various potential combinations through TDM and FDM of CDM groups. Considering the large amount of REs occupied by 64 or 128 ports, if all the ports are carried in one PRB, other channels or signals (such as PDCCH/PDSCH/DMRS) transmissions may be blocked. Therefore, low density of CSI-RS is considered. For 64 ports CSI-RS transmission, at least density  needs to be support. For 128 ports CSI-RS transmission, support density .
Proposal 3: Support density of  and   for 64 ports and 128 ports CSI-RS resource patterns, respectively.


Regarding cdm-Type, noticing that in current specifications, the maximum code division multiplexing size allowed is 8, that is, a CDM group can accommodate up to 8 CSI-RS ports. Given the exponential growth in the number of CSI-RS ports, the extension of the maximum number of ports per CDM group can be considered, for example, cdm-Type of cdm16-FD4-TD4 can be supported for 64 and 128 ports CSI-RS pattern. This requires the corresponding design of the sequence  and  for the new cdm-Type.
Table 3: CSI-RS locations within a slot.
	Row
	Ports
	Density 
	cdm-Type
	
	CDM group index 
	
	

	…
	…
	…
	…
	
	…
	…
	…

	…
	64
	0.5
	cdm8-FD2-TD4
	…
	0,1,2,3,4,5,6,7
	0,1
	0,1,2,3

	…
	128
	0.25
	cdm8-FD2-TD4
	…
	0,1,2,3,
4,5,6,7,
8,9,10,11,
12,13,14,15
	0,1
	0,1,2,3

	…
	128
	0.25
	Cdm16-FD4-TD4
	…
	0,1,2,3,
4,5,6,7
	0,1,2,3
	0,1,2,3



Proposal 4: New cdm-Type accommodating larger amount of CSI-RS port can be supported for 64 and 128 ports CSI-RS transmissions, e.g., cdm-Type of ‘cdm16-FD4-TD4’ can be considered.
According to the objectives of this WI, up to 32 CSI-RS ports per resource is assumed. In order to realize up to 128 ports CSI report, multiple resources corresponding to different ports is required to be transmitted and measured, multiple CSIs related to these resources are subsequently reported and combined to obtain the most suitable 128 ports precoder claimed by the UE. Therefore, for cases larger than 32 ports, it is necessary to introduce a port grouping and resource mapping mechanisms to group ports and then map them to different CSI-RS resources respectively. Firstly, divide all ports into orthogonal groups, and their union constitute all CSI-RS ports. Afterwards, define a set of CSI-RS resource or CSI-RS resource sets to carry these group of ports. For instance, in order to obtain CSI of 128 CSI-RS ports, a feasible method would be to divide these ports into four groups, with each group containing 32 ports. Then the four groups of ports are mapped to different CSI-RS resources for transmission with each resource carries 32 ports. The UE then reports four PMIs by measuring these CSI-RS resources corresponding different ports. The gNB obtains the final 128 ports precoder by combining the four optimal precoders for 32 ports. In a word, it is suggested to introduce a mechanism supporting high port (64/128) CSI acquisition based on legacy CSI-RS resource measurements (up to 32 CSI-RS ports per resource). Potential work includes high port decomposition and resource mapping, the time and frequency behavior of these resources to be sent, as well as multiple PMIs report. 
In addition, and most importantly, Type-I codebook refinement of high ports in order to support precoder generation based on the reported optimal precoders of smaller ports. For instance, if we want to obtain the precoder of 128 ports based on four precoders of 32 ports reported, there will be  possible outcomes if based purely on existing 32-port codebook combinations without restriction. Simple such combinations violate the basic principle of codebook design, i.e., orthogonality between beams cannot be guaranteed, which will inevitably lead to incorrect beam selection in the case of multiple layer transmission. Therefore, the first principle of high port codebook refinement is to ensure orthogonality of the beams in it.
Proposal 5: Introduce CSI group measurement mechanism for high ports (>32) using legacy CSI-RS resources (up to 32 CSI-RS ports per resource).
Proposal 6: The first principle of high port codebook refinement is to ensure orthogonality of the beams in it.
Type-1 codebook refinement
Overhead reductions regarding codebook configuration and beam selection can be considered.  If extend the existing Type-I codebook to support up to 128 CSI-RS ports without modification, the associated configuration and reporting overhead will be severely increased. For instance, for the 128 port DFT codebook, the number of beams contained would be 1024, if oversampling factors O1=4 and O2=4 are still allowed. The bit overhead of parameters such as  and   would be significantly increased, specifically, a minimum of 64 bits is required, and in extreme cases hundreds of bits are needed (depending on the values of and ).  To address this issue, smaller  and  for high CSI-RS ports can be considered since beam granularity in the codebook is inherently finer in these cases. 
Proposal 7: Consider overhead reduction in Type-I codebook design for supporting high ports CSI measurement using smaller  and .
Conclusion
In this contribution, we discuss CSI enhancement and have the following proposals.
Proposal 1: The candidate number of supported CSI-RS ports can be 48, 64, 96 and 128 for Type I Single-Panel Codebook design.
	
Number of 
CSI-RS antenna ports, 
	

	


	
	
	

	48
	(6,4)
	(4,4) ,(2,2)

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

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

	
	(24,1)
	(4,1) ,(2,1)

	64
	(8,4)
	(4,4) ,(2,2)

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

	
	(32,1)
	(4,1) ,(2,1)

	96
	(8,6)
	(4,4) ,(2,2)

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

	
	(16,3)
	(4,4) ,(2,2)

	
	(24,2)
	(4,4) ,(2,2)

	
	(48,1)
	(4,1) ,(2,1)

	128
	(8,8)
	(4,4) ,(2,2)

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

	
	(32,2)
	(4,4) ,(2,2)

	
	(64,1)
	(4,1) ,(2,1)


Proposal 2: At least support 64 and 128 CSI-RS antenna ports for Type I Multi-Panel Codebook design.
	
Number of 
CSI-RS antenna ports, 
	

	


	
	
	

	64
	(2,16,1)
	(4,1),(2,1)

	
	(4,8,1)
	(4,1) ,(2,1)

	
	(8,4,1)
	(4,1) ,(2,1)

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

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

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

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

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

	128
	(16,4,1)
	(4,1) ,(2,1)

	
	(8,8,1)
	(4,1) ,(2,1)

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

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

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

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

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

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

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


Proposal 3: Support density of  and   for 64 ports and 128 ports CSI-RS resource patterns, respectively.
Proposal 4: New cdm-Type accommodating larger amount of CSI-RS port can be supported for 64 and 128 ports CSI-RS transmissions, e.g., cdm-Type of ‘cdm16-FD4-TD4’ can be considered.
Proposal 5: Introduce CSI group measurement mechanism for high ports (>32) using legacy CSI-RS resources (up to 32 CSI-RS ports per resource).
Proposal 6: The first principle of high port codebook refinement is to ensure orthogonality of the beams in it.
Proposal 7: Consider overhead reduction in Type-I codebook design for supporting high ports CSI measurement using smaller  and .
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