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1 Introduction
In LTE-A, channel spatial information RS (CSI-RS) is planned to be used for channel measurements and for deriving feedback on channel quality and spatial properties as needed. The feedback based on CSI-RS is used for different transmission modes such as single-cell single and multi-user MIMO, as well as coordinated multi-cell transmission. The CSI-RS pattern is also likely to be used for heterogeneous networks. Therefore, design of CSI-RS should be done with all these transmission modes in mind.  
In this contribution we summarize our views on other aspects related to CSI-RS design. 
2 Available REs for CSI-RS

CSI-RS REs in any cell should avoid CRS symbols in addition to CRS REs of that cell to avoid collision with CRS of neighbouring cells in synchronous networks and to maximize available power in case CRS is power boosted. It is already agreed that the CSI-RS pattern will be in the PDSCH region. To make the location independent of the control region size, the first 3 OFDM symbols should be avoided.  In the case of 1.4MHz LTE system, CSI-RS in the 4th OFDM symbol may have to be dropped dynamically. In order to simplify the specification, we don’t propose a different CSI-RS pattern for this case.  

CSI-RS also avoids PBCH and synchronization signals REs. In addition to these, the CSI-RS has to avoid UE-RS REs (Rel 9/10 UE-RS pattern). 
3.1
Coexistence of CSI-RS and Antenna Port 5

It is not necessarily needed to standardize whether CSI-RS in OFDM symbols that contain antenna port 5 UE-RS symbols should be used or not. The specification should contain a large set of enumerated possible CSI-RS resources and in particular deployments certain subsets may get to be elected for CSI-RS transmission.  A deployment that is configured not to use ‘antenna port 5’ OFDM symbols for CSI-RS transmission may do so by simply selecting the other CSI-RS resources.  
3 CSI-RS Density
In a previous RAN1 meeting it was agreed that the CSI-RS frequency density would be 1RE/RB/Antenna port for all cases. The decision was taken considering the impact to legacy UEs due to the data puncturing and since it provided sufficient channel estimation quality for CSI purposes. 
The duty cycle of the CSI-RS patterns should be configurable in a (semi)static way to a limited set of values, e.g., {5, 10, 20} ms. The actual configured value is conveyed to the LTE-A UEs through higher layer signalling. Also, it is our preference to have the same duty cycle for all the CSI-RS ports defined in a cell as opposed to defining it per CSI-RS antenna port.

4 CSI-RS Pattern
4.1
CSI-RS design features
The following are the main features of the proposed patterns:

1. Assumed CDM for all cases according to the agreements. However, no CDM for 2 or 4 CSI-RS ports would also be agreeable and would be supported

2. Nested structure for lower number of antenna ports

a. 4Tx is nested in 8Tx, except that in some extended CP cases, where the achievable reuse factor is limited, an additional 4Tx group is added

b. 2Tx is always nested in 4Tx 

3. We propose patterns for both cases of avoiding and not avoiding antenna port 5. The selection is up to the eNB and is transparent to the UE. 
4. Patterns for different CRS frequency shift (PCI mod 3) are derived from a common ‘group pattern’

5. Preferred using CDM-T. In some extended CP cases, where the achievable reuse factor is limited, an additional CDM-F group was added

4.2
CSI-RS pattern details

In the following, we list the CSI-RS patterns proposed that are identical to that submitted to the email reflector. 
4.2.1
CSI-RS patterns for 8 Tx
The proposed patterns for 8Tx CSI-RS are shown below. 
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The CSI-RS pattern for extended CP MBSFN is given below. 
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Note that the normal CP patterns can be derived from the following common ‘group pattern’
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4.2.2
CSI-RS patterns for 4 Tx
The proposed patterns for 4Tx CSI-RS are shown below. 
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4.2.3
CSI-RS patterns for 2 Tx
All 2Tx CSI-RS patterns are embedded in the corresponding 4Tx patterns. 

4.3
Achievable reuse factors
The reuse factors achievable with the proposed patterns are given in Table 1 below.
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Table 1  Achievable CSI-RS pattern reuse factors 

Note that the reuse factor with Extended CP, when antenna port 5 is avoided, is limited. Assuming that the PCI allocation tries to avoid situations where neighbour cells have PCIs that are equivalent modulo 3, the limitation will be mitigated to some extent. 
5 CSI-RS signaling aspects
Our proposal is that the CSI-RS patterns are enumerated and a single index is signalled that gives the actual CSI-RS allocation.  The antenna port index within the CSI-RS allocation is fixed. 
Since the UE has already knowledge of certain parameters, there is no need to signal pattern differentiation due to

1. Extended or Normal CP

2. Presence of antenna port 2/3

3. PCI mod 3 (vshift)
On the other hand, we need to allow signalling differentiation due to 

1. Presence of Relays (if backhaul and access is multiplexed in the same subframes)
2. Presence of antenna port 5

Note that with the proposed CSI-RS patterns, the presence of relays can be handled without introducing new patterns or new signalled CSI-RS values. 
The various signalled cases are summarized in Table 2 below. 
	CP Type
	Tx antenna ports
	Subframe type
	Number of signalled CSI-RS cases
	Notes

	Normal
	8
	Unicast
	9
	Cases 1…4 used when port #5 is avoided

Cases 5…9 used when port #5 is not avoided

Cases 1…3 used when port #5 is avoided and relays are used

Cases 5…7 used when port #5 is not avoided and relays are used

	
	
	MBSFN
	12
	

	
	4
	Unicast
	18
	Cases 1…8 used when port #5 is avoided

Cases 9…18 used when port #5 is not avoided

Cases 1…6 used when port #5 is avoided and relays are used

Cases 9…14 used when port #5 is not avoided and relays are used

	
	
	MBSFN
	24
	

	
	2
	Unicast
	36
	Cases 1…16 used when port #5 is avoided

Cases 17…36 used when port #5 is not avoided

Cases 1…12 used when port #5 is avoided and relays are used

Cases 17…28 used when port #5 is not avoided and relays are used

	
	
	MBSFN
	48
	

	Extended
	8
	Unicast
	6
	Cases 1,2,3 used with 4 CRS

Cases 1,2,4,5 used with 2 CRS when port #5 is avoided

Cases 1,2,4,5,6 used with 2 CRS when port #5 is not avoided

	
	
	MBSFN
	11
	

	
	4
	Unicast
	13
	Cases 1…7 used with 4 CRS

Cases 1…4,8…11 used with 2 CRS when port #5 is avoided

Cases 1…4,8…13 used with 2 CRS when port #5 is not avoided

	
	
	MBSFN
	22
	

	
	2
	Unicast
	26
	Cases 1…14 used with 4 CRS

Cases 1…8,16…22 used with 2 CRS when port #5 is avoided

Cases 1…8,16…26 used with 2 CRS when port #5 is not avoided

	
	
	MBSFN
	44
	


Table 2  CSI-RS pattern signalling configuration
The required maximum number of bits for signalling is given in Table 3 below. 
	Number of Tx antenna ports
	Number of signalling bits for Unicast
	Number of signalling bits for MBSFN

	8
	4
	4

	4
	5
	5

	2
	6
	6


Table 3  Maximum number of bits required for CSI-RS signaling

6 CSI-RS subframe allocation 
CSI-RSs for different antenna ports of the same cell or CSI-RSs across different cells could be transmitted in different sub-frames to reduce the collision rate of CSI-RS for different cells and provides more flexibility in placement and pattern design. However, it has the following drawbacks:

·    Impact of legacy UEs: puncturing the data region of legacy UEs in multiple sub-frames may incur larger system performance loss. It is desirable to limit the impact of puncturing legacy UEs data region to the least number of sub-frames so that eNodeBs can schedule legacy UEs around those subframes.

·    Impact on DRX mode: measuring CSI-RS from multiple cells or different antenna ports in different subframes increases the wakeup duty cycle requirements and reduces the UE battery life; although this concern would apply mainly to CoMP. 

Our preference is to restrict the presence of CSI-RS to a limited number of subframes, referred to as CSI-RS subframes. The number of CSI-RS subframes can be based on the desired CSI-RS collision rate across different cells. 
Based on the reasons presented above, we prefer that CSI-RS across cells are limited to a few subframes in a synchronous network. 

6.1
CSI-RS subframes in FDD
We propose to exclude subframes that include PBCH, sync signals or paging within a radio frame from the CSI-RS subframe set, i.e. subframes {0, 4, 5, 9} in FDD mode.
6.2
CSI-RS subframes in TDD
To simplify the specification, we propose that DwPTS in TDD should not be used to carry CSI-RS.  Note that since the number of control symbols is limited to two in special subframes and the 3rd symbol carries the PSS, it would be possible to fit CSI-RS after the first three OFDM symbols; however, in our view, the number of different DwPTS configurations makes this option complicated.  
7 Interference Estimation and CSI-RS

Some concerns have been raised regarding interference estimation from CSI-RS for CQI reporting due to the low density of CSI-RS and due to the ongoing study on muting of CSI-RS of neighbouring cells. With muting the neighbouring cell might mute the REs of the serving cell of an UE causing the UE to not measure the interference caused by the neighbouring cell. We believe that the CQI reporting can be based on interference estimated on CRS. CRS is available on all normal subframes and has a higher density than CSI-RS. Even if CSI-RS is transmitted on MBSFN subframes, the interference estimate could be obtained from the CRS on the first OFDM symbol (although the control load and PDSCH load might not be the same) or interference estimates from previous subframes can be used. Hence, in a homogeneous network context, the interference estimated on CRS which is expected to be similar to the interference expected on the data tones should suffice. 
In HetNet and CoMP scenarios although the transmission schemes are not decided yet, some general statements can be made. In HetNet, if CSI-RS is not orthogonalized (for example using muting), it would be difficult to estimate the channel for CQI feedback. It is quite likely that CSI-RS will be orthogonalized in a manner similar to data (for example CA-based or non-CA-based methods). In that case using CSI-RS for interference estimation should be possible since CSI-RS will experience the same interference as data. Similarly, CRS based interference is also possible as long as the UE is informed in which resources (subframes) the interference estimation should be made. This resource specific channel CSI measurement is similar to subband based CQI or PMI defined in Rel8. Other mechanisms might be introduced when the transmissions schemes for Het Net and CoMP are more concrete.
8 Conclusions
In this paper, we provided CSI-RS pattern proposals. The key aspects are summarized below:
· CSI-RS avoids CRS symbols, first three OFDM symbols, Rel-10 UE-RS REs, and the PBCH and synchronization signals 

· CSI-RS avoids subframes allowed for paging
· CSI-RS avoids DwPTS in TDD
· Avoidance of antenna port 5 is configurable by pattern ID selection, transparent to the UE

· Consider adopting the patterns proposed in this contribution
· The required maximum number of signalling bits are

· 4 bits for 8 Tx

· 5 bits for 4 Tx

· 6 bits for 2 Tx

· The duty cycle of CSI-RS is semi-statically configured from a limited set of values, e.g. {5, 10, 20} ms
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