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1 Introduction
In LTE Advanced (LTE-A) systems, CSI-RS is responsible for providing LTE-A UEs with a reliable signal for estimating channel state information which supports enhanced multi-antenna technologies such as Single-user MIMO (SU-MIMO), Multi-user MIMO (MU-MIMO), and Coordinated Multipoint (CoMP) transmission. During RAN#61bis following were agreed upon:
· CSI-RS patterns for FDD and TDD for normal CP and extended CP subframes
· CSI-RS patterns for TDD only (optional) for normal CP and extended CP subframes
Given the above set of CSI-RS patterns, the next step is to decide upon how CSI-RS is configured. This contribution provides Samsung’s views on the configuration of CSI-RS in LTE-A.
2 CSI-RS Configuration
In order to accurately receive and measure the CSI-RS, a set of CSI-RS parameters are required at the UE. Specifically, the following information is needed:

· CSI-RS periodicity

· CSI-RS number of ports

· CSI-RS reuse pattern index

· CSI-RS scrambling sequence initial state

· CSI-RS subframe offset
· CSI-RS pattern type (required for TDD only)
For each information type, it may be explicitly conveyed to the UE via system information or implicitly derived based on one or more known parameters. In the explicit method, the six CSI-RS related parameters mentioned above are conveyed to the UE via system information. The advantage of explicitly indicating each CSI-RS related parameter is that the eNB has full control to change each field whenever it wants to. The downside to such an approach is that the RRC signalling which needs to be broadcasted to reach throughout the cell is burdened with a sizeable overhead.
Therefore, in order to reduce the overhead on the RRC signalling to convey the CSI-RS parameters, it seems beneficial to restrict explicit indication as much as possible. In the following subsections, we discuss whether each of the six CSI-RS related parameters should be explicitly conveyed to the UE or implicitly determined based on other available information.

2.1 Explicitly Indicated Parameters
As mentioned, some of the CSI-RS parameters mentioned above require explicit indication using RRC signalling. The parameters which fall under this category are those which are relatively independent of other CSI-RS parameters. Since each parameter is independent of other CSI-RS parameters, implicitly determining one based on other is not easy. Therefore, we believe the following CSI-RS parameters require explicit indication:
· CSI-RS periodicity

· CSI-RS number of ports

· CSI-RS pattern type (required for TDD only)
During RAN1#59, it was agreed that CSI-RS should have a periodicity that is a multiple of 5msec (ex. 5msec, 10msec, 15msec, etc). Since it is a parameter that can be independently configured, we propose that it be conveyed to the UE using explicit indication. 

Likewise, the number of CSI-RS ports and the CSI-RS pattern type are also CSI-RS parameters which are not correlated with other CSI-RS parameters. The value that needs to be conveyed with reference to the number of ports is either 2, 4, or 8. The parameter for CSI-RS pattern type indicates to the UE which of the 2 pattern types are used. As agreed in RAN1#61bis, there are 2 possible sets of CSI-RS patterns for TDD. Note that for FDD, there is only 1 set of CSI-RS pattern and therefore, indication of this parameter is not necessary.
Proposal: Explicitly indicate to the UE via RRC signalling: CSI-RS periodicity, CSI-RS number of ports, and CSI-RS pattern type (required for TDD only).
2.2 Implicitly Determined Parameters
In contrary to the CSI-RS parameters that require explicit indication, the CSI-RS parameters in this subsection can be derived either from the CSI-RS parameters explicitly indicated or other known parameter. 
CSI-RS Reuse Pattern Index

One such parameter is the CSI-RS reuse pattern index. Following the LTE CRS principle, we can tie the reuse pattern index to the Cell ID.
Note that the subcarrier offset, vshift, which determines the CRS reuse pattern is obtained by a modulo 6 operation on the Cell ID (
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). However, due to the CRS having a frequency domain spacing of 3 subcarriers for multiple CRS antenna ports, from an inter-cell collision point of view, it is in effect similar to a modulo 3 operation. Typically, in a well planned network, the Cell ID will be such that adjacent cells have non-colliding vshift values.
A similar approach can be taken with the CSI-RS. The CSI-RS reuse pattern index can also be determined by a modulo operation on the Cell ID. One thing to note is that the number of reuse patterns is not always a multiple of 3. In order for a cell to be allocated an adequate CSI-RS reuse pattern using a modulo operation and at the same time maintain an adequate vshift value, the modulo operation must occur in a set size that is a multiple of 3.

A simple method to achieve this objective is to divide the CSI-RS reuse patterns into 2 exclusive sets as shown in Figure 1. Set A which has 3N reuse patterns can be used to allocate CSI-RS reuse patterns for macro cells in a carefully planned network. On the other hand, Set B which has the remaining NCSI-3N reuse patterns can be use for non-macro cells (ex. HeNBs, femtos, picos, CSGs, etc). Note that an explicit indication on whether to use either Set A or Set B is required. 

Dividing the CSI-RS reuse patterns into 2 sets as described above would facilitate the usage of Release 8 cell planning mechanism for macro eNBs, and at the same time, allow for interference management between a macro and arbitrarily dropped non-macro eNBs as discussed in [1].
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Figure 1. Two separate CSI-RS index sets.
Once an LTE-A UE has been notified whether to use Set A or Set B, it can perform a modulo operation within the set. For example, if the UE is allocated Set A, it will perform a modulo 3N operation to determine its CSI-RS reuse pattern index. On the other hand, if the UE is allocated Set B, it will perform a modulo NCSI-3N operation to determine its CSI-RS reuse pattern index.

An example of dividing the CSI-RS reuse patterns into Set A and Set B is shown in for the FDD/TDD pattern type for 4 antenna ports.

Table 1. CSI-RS reuse patterns supporting 4 antenna ports divided into 2 sets.

	Set A

(allocated to macro cells)
	OFDM Sym 9, 10
	Reuse Pattern 2

	
	
	Reuse Pattern 3

	
	
	Reuse Pattern 4

	
	
	Reuse Pattern 5

	
	
	Reuse Pattern 6

	
	
	Reuse Pattern 7

	Set B

(allocated to non-macro cells)
	OFDM Sym 5, 6
	Reuse Pattern 0

	
	
	Reuse Pattern 1

	
	OFDM Sym 12, 13
	Reuse Pattern 8

	
	
	Reuse Pattern 9


Proposal: Divide CSI-RS patterns into 2 subsets with first set having 3N CSI-RS reuse patterns and another set having the remaining CSI-RS patterns. Explicitly indicate to the UE which set to use. UE can implicitly determine the reuse pattern index based on a modulo operation on the Cell ID.
CSI-RS Scrambling Initial State
The initial state of the scrambling sequence for CSI-RS is another parameter that can be determined implicitly. Similar to the scrambling sequences for other downlink reference signals, the Cell ID can be used to distribute different initial states to different cells. More specifically, the initial state for the DM-RS, 
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,  can be reused with minor change since there is no overlap of CSI-RS and DM-RS in the current agreed upon set of patterns [2].
The minor change mentioned above is on the variable nSCID which is not needed in case of CSI-RS. Instead of nSCID, the number of CSI-RS antenna ports, nport, may be used. One possible advantage of replacing nSCID with nport is that UEs may able to determine the number of CSI-RS antenna ports of neighboring cells in favourable channel conditions.
Proposal: Reuse initial state of scrambling sequence for DM-RS with minor modification. Replace nSCID with the number of CSI-RS antenna ports, nport.
CSI-RS Subframe Offset
CSI-RS subframe offset determines which subframe should be used for the transmission of CSI-RS. In order to make a decision on this subject a number of open issues need to be resolved. In particular RAN1 needs to determine whether to allow the transmission of CSI-RS on subframes used for special purposes. Such subframes include
· Subframes with synchronization channels or PBCH

· DwPTS subframes
One disadvantage of not allowing CSI-RS on subframes the above subframes would be that the effect reuse factor will decrease. However, one should note that CSI-RS has already a reuse factor of at least 3 even in a single subframe. 
Going further, RAN1 might consider restricting the transmission of CSI-RS to only 1 or 2 specific subframes in a 10msec superframe. 

Whether to use explicit indication or implicit determination for CSI-RS subframe offset can be readily determined once the subframe restriction for CSI-RS is determined.
3 Summary
This contribution summarizes how CSI-RS configuration can be determined at the UE using either explicit or implicit methods. We propose that the following CSI-RS related parameters be explicitly conveyed to the UE:
· CSI-RS periodicity

· CSI-RS number of ports

· CSI-RS pattern type (required for TDD only)
In addition, we propose that the following CSI-RS related parameters be determined implicitly at the UE based on other available information with limited explicit signalling:
· CSI-RS reuse pattern index

· CSI-RS scrambling sequence initial state

Lastly, it was noted that the subframe restriction on CSI-RS transmission needed resolving for further progress on the signalling for CSI-RS transmission’s subframe offset.
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