[bookmark: OLE_LINK1][bookmark: OLE_LINK2]3GPP TSG RAN WG1 Meeting #87		R1-1611463
Reno, USA 14th – 18th November 2016

Agenda item: 7.1.3.2
Source: Fujitsu
Title: Aggregated CSI-RS Configuration and Signaling
Document for: Discussion and Decision
1. Introduction
The SI proposal “New SID Proposal: Study on New Radio Access Technology” was approved in RAN plenary #71 [1] and updated in #73 [2].
Regarding CSI-RS, which plays an extremely important role in close loop operation of NR MIMO, following agreements were achieved in RAN1 meeting #86.
· For NR, support DL CSI measurement with X antenna ports
· Study the values of X = 1,2,4,8,12,16,20,24,28,32
· Study whether additional values of X are needed, including X > 32 (e.g., 64)
· Other values of X are not precluded
Targeting for supporting a variety number of ports of CSI-RS with better flexibility and reduced signaling overhead, aggregation related issues are discussed in detail in this document.
2. Discussion
In current LTE systems, only 1-port, 2-port, 4-port and 8-port CSI-RS are independently defined. In addition, a 12-port and 16-port CSI-RS can be obtained based on the aggregation of three 4-port CSI-RS and two 8-port CSI-RS, respectively. Clearly, the aggregation is based on the greatest common divisor of the number of ports and available CSI-RS configurations, i.e. if the desired number of ports X is divisible by 8, the aggregation is based on X/8 8-port CSI-RS; if X is not divisible by 8, but by 4, it will be achieved by aggregation of X/4 4-port CSI-RS. In the same way, 20-/24-/28-/32- port CSI-RS can be supported by aggregation, as shown in Table I. Note that, 20-/28- port CSI-RS are achieved based on aggregation of 4-port CSI-RS, while 24-/32-port CSI-RS are achieved based on 8-port CSI-RS aggregation.
Table I. Aggregation of 20-/24-/28-/32- port CSI-RS based on greatest common divisor port component
	
Total number of antenna ports 
	
Number of antenna ports per CSI-RS configuration 
	
Number of CSI-RS configurations 

	20
	4
	5

	24
	8
	3

	28
	4
	7

	32
	8
	4


Observation #1: For aggregation of CSI-RS configurations based on the greatest common divisor of the number of ports X, component CSI-RS with different numbers of ports may be utilized for different X.
In fact, neighboring cells could have allowed partial overlapping among their individual CSI-RS, especially when the orthogonal and non-overlapping CSI-RS (e.g. configured with different resource configurations or subframe configurations) are not sufficient. The granularity and flexibility of overlapping which can be achieved depends on the number of ports of the component CSI-RS. Therefore, from a flexibility perspective, the number of ports of component CSI-RS for aggregation should be as small as possible, e.g. 2-port CSI-RS as a component for aggregation is a fairly good choice. In an extreme case, 2-RE (one component 2-port CSI-RS) overlapping can be achieved. According to the number of surrounding cells, each cell can smoothly control and adjust the number of overlapping REs as well as the resultant inter-cell interference (ICI). Moreover, for the sake of a unified framework for CSI-RS aggregation, a single component is desirable. For these reasons, we propose to define 2-port CSI-RS as the basic component and other larger port CSI-RS can be obtained by the aggregation of a multiplicity of 2-port CSI-RS’s with different resource configurations.
Observation #2: From a flexibility perspective, the number of ports of the component CSI-RS used for aggregation should be as small as possible, e.g. 2-port CSI-RS.
Proposal #1: Consider to define 2-port CSI-RS as the basic component and other larger port CSI-RS can be obtained by the aggregation of a multiplicity of 2-port CSI-RS’s with different resource configurations.
Note that we assume the density of CSI-RS is 1 RE per port per PRB per resource configuration. For larger X, e.g. > 16, and assuming similar restrictions on available REs to those in LTE, the majority of the candidate RE’s for CSI-RS would be used. The number of completely orthogonal CSI-RS ports is very limited. With the same subframe configuration, defining a great number of resource configurations for X-port CSI-RS does not make sense, since more resource configurations cannot mitigate ICI, but would introduce more signaling overhead. Therefore, the ICI should be mainly mitigated by different subframe configurations, while the different resource configurations are just for assistance purposes. For the sake of fast CSI acquisition, a “self-contained” CSI feedback mechanism, i.e. with front-loaded CSI-RS transmission in the front part of a subframe and immediate CSI feedback in the rear part of the subframe, should be supported at least in some cases, e.g. aperiodic CSI-RS transmission. In such cases, indicating the CSI-RS configuration by RRC signaling may not meet the latency requirement. We have to signal the CSI-RS configuration by physical layer signaling, e.g. DCI. In this case, the signaling overhead for CSI-RS configuration should be reduced. In a word, it is signaling overhead reduction rather than introducing more resource configurations that should be considered for the aggregated CSI-RS.
Proposal #2: Consider signaling overhead reduction rather than introducing more resource configurations for aggregated CSI-RS.
In current LTE systems, each basic CSI-RS (i.e. 1-/2-/4-/8- port) can be determined by a number of ports, a resource configuration and a subframe configuration[footnoteRef:1]. While for an aggregated X-port CSI-RS based on 2-port components, the subframe configuration can be directly reused. Regarding the resource configuration, explicit separate indication of X/2 2-port components will definitely introduce a huge  overhead when dynamic signaling is considered. [1:  Power indication is not taken into accounted herein.] 

For the sake of signaling overhead reduction, correlation between the resource configurations of component CSI-RS should be introduced, e.g. the aggregation is only performed among the component CSI-RS with contiguous resource configuration indices. Note that, the physical resource elements corresponding to contiguous resource configuration indices are scattered and distributed in the physical resource grid. What is more, the PRB range which CSI-RS spans can alleviate the unevenness of distribution in frequency domain. Therefore, aggregation of some component CSI-RS with contiguous resource configurations does not reduce the precision and accuracy of channel estimation and measurement.
Figure 1 has illustrated two 8-port CSI-RS, each of which is aggregated by four 2-port CSI-RS’s with continuous resource configurations. It should be noted that we just borrow the resource configurations of LTE for example, since the candidate RE’s for CSI-RS have not been determined. For the configuration, three candidates are presented and compared to the legacy configuration in Table II.


Figure 1. Two 8-port CSI-RS based on the aggregation of four 2-port CSI-RS for each
Table II. Candidate configurations for aggregated CSI-RS
	Configurations
	Contents

	Legacy configuration
	· Number of ports
· Resource configuration
· Subframe configuration

	Candidate configuration for aggregated CSI-RS
	Alternative #1
	· Resource configuration (of the starting component, e.g. 1 for the blue 8-port CSI-RS in Figure 1)
· Resource configuration (of the ending component, e.g. 4 for the blue 8-port in Figure 1)
· Subframe configuration

	
	Alternative #2
	· Resource configuration (of the starting component, e.g. 1 for the blue 8-port CSI-RS in Figure 1)
· Number of component (e.g. 4 components for 8-port CSI-RS in Figure 1)
· Subframe configuration

	
	Alternative #3
	· Number of ports (X)
· Resource configuration (of the starting component, e.g. 1 for the blue 8-port CSI-RS in Figure 1)
· Subframe configuration


Proposal #3: Consider the candidate configurations in Table II for aggregated CSI-RS.
3. Conclusions
In this document, in order to support a variety port number of CSI-RS, aggregation related issues were discussed in detail. Based on the discussion, we have following observations and proposals.
Observation #1: For aggregation of CSI-RS configurations based on the greatest common divisor of the number of ports X, component CSI-RS with different numbers of ports may be utilized for different X.
Observation #2: From a flexibility perspective, the number of ports of the component CSI-RS used for aggregation should be as small as possible, e.g. 2-port CSI-RS.
Proposal #1: Consider to define 2-port CSI-RS as the basic component and other larger port CSI-RS can be obtained by the aggregation of a multiplicity of 2-port CSI-RS’s with different resource configurations.
Proposal #2: Consider signaling overhead reduction rather than introducing more resource configurations for aggregated CSI-RS.
Proposal #3: Consider the candidate configurations in Table II for aggregated CSI-RS.
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