
[bookmark: _GoBack]3GPP TSG RAN WG1 Meeting #82		R1-154689
Beijing, China, 24th - 28th August 2015


Source: 	Xinwei
[bookmark: Title]Title:	Discussion on Non-precoded CSI-RS enhancement in FD-MIMO
Agenda Item:	7.2.5.2.1
[bookmark: Source][bookmark: DocumentFor]Document for:	Discussion

Introduction
In 3GPP RAN #68 meeting, a new Work Item on Elevation Beamforming/Full-Dimension (FD) MIMO for LTE was agreed. 
According to the WID [1], one of the key objectives is to identify specify enhancements on reference signal including Non-precoding CSI-RS, beamforming CSI-RS, SRS and DMRS. 
1. Specify enhancements on reference signal in the following areas [RAN1]
0. Non-precoded CSI-RS, extending the existing numbers {1,2,4,8} of CSI-RS antenna ports for support of 12 and 16 CSI-RS ports, using full-port mapping Beamformed CSI-RS
0. SRS capacity improvement
1. Support for SRS transmission with 4TX antennas as a second priority
0. Support of additional ports for DMRS targeting higher dimensional MU-MIMO
2. The maximum number of DMRS ports that a UE may be able to receive is kept as 8
In the contribution we present our views on Non-precoding CSI-RS with support to 12 and 16 ports using full port mapping beamformed CSI-RS.
CSI-RS Design Aspects
Different aspects of the CSI-RS design such as time and frequency density, nested structure, CSI-RS pattern were discussed in previous Rel-12 CSI-RS design. In the following we look at these similar details of CSI-RS design. 
· CSI-RS port numbering






In Rel-10, CSI-RS can be transmitted on one, two, four or eight antenna ports using , ,  and , respectively. If Non-precoding CSI-RS is extended to support of 12 and 16 ports, CSI-RS ports numbering can be extended to  and  accordingly. 


Proposal 1: CSI-RS can be extended transmitted on 12 or 16 antenna ports using and , respectively.
· CSI-RS density
CSI-RS RE density with 1 RE/PRB/port can provide acceptable link-level performance, while ensuring minimal Rel-8 UE performance degradation. One key point is to decide the density of 12 and 16 ports for CSI-RS pattern.
· Nested structure
CSI-RS pattern for 2Tx/4Tx/8Tx antenna configuration with a nested structure, which means the resource of the pattern with smaller number of CSI-RS ports is a subset of the resource of the pattern with larger number of CSI-RS ports. Nested structure can simplify the implementation.
It should be decided whether CSI-RS pattern with a nested structure for 12, 16 antenna ports.
· Number of CSI-RS configurations
In FDD, there are 20 CSI-RS configurations for 2Tx, 10 configurations for 4Tx, and 5 configurations for 8Tx. Whether there is a need to prepare more than one configuration for 12, 16 antenna ports.
Non-precoded CSI-RS Schemes
In this part, we discuss the two schemes according to CSI-RS locations and patterns with all the above aspects 
Scheme1: Reusing Rel-10 CSI-RS resources. 
Scheme2: New CSI-RS resources
1.1 Reusing Rel-10 CSI-RS resources
Option1: Intra Subframe CSI-RS
All ports of CSI-RS RE still in one subframe and CSI-RS RE density is keep to 1 RE/PRB/port, which means 12 ports CSI-RS need 12 RE and 16 ports CSI-RS need 16 RE. In order to provide more RE resources, one straight way forward is allocate more REs.
For example, 16 port CSI-RS can be mixed up with two  8 port CSI-RS configurations, and 12 port CSI-RS can be mixed up with one 8 port CSI-RS REs and one 4 port CSI-RS REs, as shown in the following figure, Red resources represent a 16 ports CSI-RS, green and purple resources are two choices of 12 ports CSI-RS for frame structure type 1. 

 Figure 1 Intra Subframe, 16 CSI-RS ports, 12 CSI-RS ports

Option2: Inter Subframe CSI-RS 
As proposed by some companies in previous RAN1 meetings, it is possible to consider transmission of CSI-RS on multiple-subframes as opposed to over a single subframe in a given CSI-RS transmission period. In this approach CSI-RSs for different antenna ports of the same cell or CSI-RSs across different cells are transmitted in different sub-frames. 
The following giving a example of CSI-RS REs across 2 subframes and CSI-RS RE density is keep to 1 RE/PRB/port. 16 ports CSI-RS can be aggregated existing 8 ports CSI-RS resources of two subframes, and 12 port CSI-RS also can be aggregated existing 8 ports CSI-RS resources in a subframes and 4 ports CSI-RS resources in a subframes.


Figure 2 Inter Subframe, 16 CSI-RS ports, 12 CSI-RS ports
CSI-RS ports transmitted in different sub-frames can provide more flexibility in pattern design, and reuse the legacy CSI-RS design. 
However, CSI computation based on CSI-RS could be more complex than all CSI-RS ports in one subframe, for it is carried out across multiple subframes.
1.2 New CSI-RS resources. 
Option3:New CSI-RS resources
In Rel-10, CSI-RS port multiplexing is based on OCC2 for each pair of CSI RS port. In order to support 12 port and 16 port CSI-RS, one method is to extend OCC, e.g. OCC=4 as DMRS, as shown in Table 1. 
[bookmark: _Ref425953388]Table 1 OCC used in DMRS
	port number 
	


	7
	


	8
	


	11
	


	13
	



In this way, two resource elements is used for 4 CSI-RS ports. 16 CSI-RS ports using FDM4+CDM4 illustrates in the following, and CSI-RS RE density reduced to 0.5 RE/PRB/port .


Figure 3 FDM4+CDM4 for 16 CSI-RS ports

Table 2 summarizes the characteristics of the three alternatives. 
[bookmark: _Ref425954408]Table 2: compare of CSI-RS Schemes
	Alternative
	Option1
	Option2
	Option3

	12 CSI-RS ports description
	one subframe, FDM6+CDM2
	2 subframes, one subframe is FDM4+CDM2, the other subframe is FDM2+CDM2
	one subframe, FDM3+CDM4

	16 CSI-RS ports description
	one subframe, FDM8+CDM2
	2 subframes, FDM4+CDM2
	one subframe, FDM4+CDM4

	CSI-RS density

	1 RE/PRB/port
	1 RE/PRB/port
	0.5 RE/PRB/port

	Nested structure
	Yes
	Yes
	No



Conclusions
In this contribution we provided our view on some of aspects in design of 12Tx/16Tx CSI-RS. 
· CSI-RS port numbering
· CSI-RS density
· Nested structure
· Number of CSI-RS configurations
Based on the consideration and analyses, three alternatives are proposed:
	Alternative
	Option1
	Option2
	Option3

	12 CSI-RS ports description
	one subframe, FDM6+CDM2
	2 subframes, one subframe is FDM4+CDM2, the other subframe is FDM2+CDM2
	one subframe, FDM3+CDM4

	16 CSI-RS ports description
	one subframe, FDM8+CDM2
	2 subframes, FDM4+CDM2
	one subframe, FDM4+CDM4

	CSI-RS density

	1 RE/PRB/port
	1 RE/PRB/port
	0.5 RE/PRB/port

	Nested structure
	Yes
	Yes
	No
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