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1. Background and Introduction
In 3GPP RAN #71 meeting, a new Work Item on Enhancements on Full-Dimension (FD) MIMO was approved. According to the WID [1], one of the objectives is related to non-precoded CSI-RS. And during RAN1 84bis meeting [2], some agreements are achieved as the following.
	Agreements: 
· For {20, 24, 28, 32} ports, a CSI-RS resource for class A CSI reporting is composed as an aggregation of K CSI-RS configurations [i.e. RE patterns].
· The number of REs in the kth configuration Nk ∈ {4, 8}
· [bookmark: OLE_LINK10][bookmark: OLE_LINK11]The same Nk = N can be used for all k 
· FFS whether the same Nk = N for all k is the only permitted configuration 
· FFS whether the set of values of Nk might be further restricted for some numbers of CSI-RS ports
· [bookmark: OLE_LINK23][bookmark: OLE_LINK24]FFS whether a different set of Nk might apply in case of CDM4
· FFS on including Nk=2.
· [bookmark: OLE_LINK67][bookmark: OLE_LINK68][bookmark: OLE_LINK42][bookmark: OLE_LINK43][bookmark: OLE_LINK71][bookmark: OLE_LINK25]Aim to enable the support of CSI-RS port sharing with Rel-13 and Rel-12 UEs 
· The per-port CSI-RS density is FFS based on one or more of the following alternatives:
· [bookmark: OLE_LINK53][bookmark: OLE_LINK54]FDM
· TDM
· Partial port
· Partial overlapping, e.g. for 32 ports, ports 15-38 in PRB#1, ports 23-46 in PRB#2
· Aperiodic CSI-RS with partial bandwidth
· Measurement restriction in frequency domain
· CDM, e.g. 2 x Nk ports transmitted in a single Nk resource 
· Other schemes 
· Note that the following are not precluded:
· per-port CSI-RS density per PRB = 1
· different per-port CSI-RS densities for different CSI-RS ports is not precluded



In this contribution, we present our views on the opening parts of non-precoded CSI-RS for R14 enhancement of FD-MIMO based on the agreements above.
2. CSI-RS Resource Aggregation
FFS on only same Nk = N
It was agreed in last meeting that for {20, 24, 28, 32} ports, a CSI-RS resource for class A CSI reporting is composed as an aggregation of K CSI-RS configurations. But whether the K CSI-RS configurations has the same Nk = N is FFS.We have the following two options to aggregate {20, 24, 28, 32} ports CSI-RS:
· [bookmark: OLE_LINK12][bookmark: OLE_LINK13]Option 1: {20, 24, 28, 32}-port CSI-RS can only be aggregated  with the same Nk = N for all k
	
Total number of 
antenna ports

	
Number of antenna ports per resources

	
Number of CSI-RS resources


	20
	4
	5

	24
	8
	3

	
	4
	6

	28
	4
	7

	32
	4
	8

	
	8
	4


· [bookmark: OLE_LINK26][bookmark: OLE_LINK27][bookmark: OLE_LINK48][bookmark: OLE_LINK49][bookmark: OLE_LINK50][bookmark: OLE_LINK44][bookmark: OLE_LINK45][bookmark: OLE_LINK28][bookmark: OLE_LINK29]Option 2: {20, 24, 28, 32}-port CSI-RS can be aggregated by  CSI-RS configurations with different Nk , where Nk ∈ {4, 8} 
In above choices, we prefer option 2. It is possible that those K configurations are allocated to different TDMed or FDMed time and frequency resources. The availability of REs in those different TDMed or FDMed resources might be different, thus the possibility and flexibility of aggregating configurations with different Nk should not be prohibited. Another reason is that with different Nk port sharing with Rel-13 and Rel-12 would be possible. We could take 20 ports as an example. If only the same Nk is allowed, the component configuration would have Nk =4. It would not be possible for this 20-port resource to share ports with legacy Rel-13 16-port resource, which consists of configurations with Nk =8. Some typical aggregation configurations are listed in the following table as a reference. 

	
	[bookmark: OLE_LINK20][bookmark: OLE_LINK21][bookmark: OLE_LINK22]First CSI-RS configuration set
k=0
	Second CSI-RS configuration set
k=1

	
Total number of 
antenna ports

	
Number of antenna ports per configuration
	
Number of CSI-RS configurations
	
Number of antenna ports per configuration 
	
Number of CSI-RS configuration


	20
	8
	2
	4
	1

	
	4
	3
	8
	1

	24
	8
	2
	8
	1

	
	4
	3
	4
	3

	28
	8
	2
	4
	3

	
	4
	3
	8
	2

	32
	8
	2
	8
	2


Proposal 1: CSI-RS resource for {20, 24, 28, 32} ports can be aggregated  component CSI-RS configurations with different Nk ∈ {4, 8}.

3. [bookmark: OLE_LINK14][bookmark: OLE_LINK15]Per-port CSI-RS density Reduction
[bookmark: OLE_LINK72][bookmark: OLE_LINK73]With the density of 1RE/RB/Port for legacy CSI-RS, more CSI-RS ports will consume more REs, which is a challenge to  support up to 32 CSI-RS ports. Some mechanisms for reducing the overhead for CSI-RS transmission are provided in the previous meeting. In this part, we give our considerations and compare these schemes as show in following table.
	
	Abstract
	Advantage
	Disadvantage

	FDM
	[bookmark: OLE_LINK55][bookmark: OLE_LINK56][bookmark: OLE_LINK59][bookmark: OLE_LINK60]CSI-RS resources distribute in different set of PRB
	[bookmark: OLE_LINK61][bookmark: OLE_LINK62]Less performance loss compared with TDM
	Not easy to support CSI-RS port sharing with legacy CSI-RS

	TDM
	CSI-RS resources distribute in different TTI
	Easy to support CSI-RS port sharing with legacy CSI-RS 
	More performance loss compare with FDM

	[bookmark: OLE_LINK78][bookmark: OLE_LINK79][bookmark: OLE_LINK82]Partial port
	via CLASS B eMIMO-Type with K>1 
	[bookmark: OLE_LINK65][bookmark: OLE_LINK66]Similar with TDM
	Similar with TDM

	[bookmark: OLE_LINK80][bookmark: OLE_LINK81]Partial overlapping 
	e.g. for 32 ports, ports 15-38 in PRB#1, ports 23-46 in PRB#2
	Ports could be partially shared with legacy CSI-RS   and less performance loss than FDM
	With higher CSI-RS resource density than FDM, and with more UE implementation complexity 

	Measurement restriction in frequency domain
	keep to limited frequency domain
	Flexibly controlled  resource density and reduced reference signal overhead.
	Reduced detection performance and possible restrictions in scheduling flexibility

	CDM
	e.g. 2 x Nk ports transmitted in a single Nk resource
	Power boosting
	 Potentially significant performance loss for CDMed ports.


 
From the above analysis , there are several important design considerations: performance, standardization efforts and port sharing with legacy CSI-RS. TDM (and similar partial port scheme) has fewest standardization efforts and is easy to share ports with legacy CSI-RS. Its performance loss is very little compared to FDM. 
[bookmark: OLE_LINK85][bookmark: OLE_LINK86]Soit is proposed that TDM or Partial port have higher priority for CSI-RS density reduction.
Proposal 2: TDM and partial port should be considered as the first choices for  CSI-RS density reduction.
4. Conclusion
In this contribution, we have presented our view on open items of Non-precoded CSI-RS for Rel.14 FD-MIMO. Our proposals are summarized as follows:
Proposal 1: CSI-RS resource for {20, 24, 28, 32} ports can be aggregated  component CSI-RS configurations with different Nk ∈ {4, 8}.
Proposal 2: TDM and partial port should be considered as the first choices for CSI-RS density reduction.
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