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1
Introduction

With the adoption of the CSI-RS pattern in previous meeting ‎[1], a big step forward has been achieved on this topic. CDM-T with OCC 2 is used for multiplexing pairs of antenna ports (of a given cell) while the FDM/TDM dimension is used for separating pairs of ports between themselves. A cell with 2, 4 or 8 Tx antennas will make us of 1, 2 or 4 pairs of CSI-RS ports, respectively. A set of base patterns have been adopted as baseline, for both normal and extended CP. Baseline patterns make full use of OFDM symbols 9 and 10 (normal CP) while selected resource elements from symbols 5, 6, 12 and 13 can also be used as resource pool for CSI-RS. Within a subframe transmitting CSI-RS, reuse factors of 20, 10 and 5 are available for normal CP patterns in case of 2, 4 and 8 Tx, respectively, while for extended CP one can achieve reuse factors 16, 8 and 4 respectively. In addition to the baseline CSI-RS patterns, a few other CSI-RS patterns were introduced as mandatory for frame structure 2. These make use of full symbols 8 and 10 for normal CP while in the case of extended CP one may use full symbols 7 and 8 and also 4, 5, 10 and 11.
In this contribution we address remaining issues related to CSI-RS signaling and CSI-RS configuration. 
2
Remaining CSI-RS issues
Information related to the CSI-RS pattern configured in a specific cell needs to be transmitted to the UE in order to perform channel estimation for PMI selection and CQI computation purposes. CSI-RS related parameters are by definition cell specific and should be broadcast in the cell using one of the system information blocks controlled by the RRC protocol. It is noted that dedicated signaling is not well-suited for this purpose since Rel-10 UEs will need to know about CSI-RS also for the purpose of being able to do the rate matching correctly around CSI-RS, i.e. even without being configured to the Rel-10 MIMO transmission mode.
As a general principle for designing the CSI-RS signaling we suggest minimizing the number of parameters and the values that each parameter can take so that testing efforts can be kept minimal. Below we list the minimal set of data that needs to be signalled to the UE: 
· CSI-RS / CRS co-existence

· CSI-RS configuration parameters
· Number of CSI-RS ports
· Index within the CSI-RS sub-frame 
· CSI-RS sub-frame offset 
· Periodicity
· CSI-RS EPRE

CSI-RS / CRS co-existence

There have been lengthy discussions in RAN1 with respect to the CRS configuration in terms of coexistence with CSI-RS for various number of transmit antennas. The CSI-RS presence is anyway needed in transmit modes which enable Rel-10 features like the 8 Tx DL MIMO transmission or the new dual-codebook based UE feedback modes. Hence, a) to simplify UE implementation, b) to avoid multiplying functionalities and testing for UE feedback, c) to save on specification effort, we propose that: 
1. CRS and CSI-RS can be configured independently of each other.
2. Whenever the UE is configured in a Rel-10 transmission mode, it may always assume the presence of CSI-RS.
CSI-RS configuration parameters
The number of ports needs to be signalled to the UE. With the existence of 2, 4, and 8 ports configuration, one needs two bits for such signaling. 
The adopted CSI-RS patterns allow large reuse factors, especially for the low number of transmit antennas. For example, for normal CP and frame structure 1, we get reuse factors 20, 10 and 5 for 2, 4 and 8 Tx respectively. One can tie the CSI-RS to the cell ID, similar to Rel-8, or can signal the CSI-RS index by RRC, allowing more flexibility. Decoupling CSI-RS indexing from cell ID, which seems to be heavily loaded in linked parameters hence potentially leading to further burden in terms of network planning, seems a better option.
In previous meetings it has been agreed to use the CSI-RS duty cycle of 5 ms as baseline while 10 ms periodicity was optional. In addition, one can consider 20 ms and 40 ms periodicities, allowing for a total set of 4 options which can be configured as CSI-RS duty cycle. 

In addition to the CSI-RS index and duty cycle, it may be seen beneficial to define specific CSI-RS sub-frame offsets. A sub-frame offset provides additional means to increase CSI-RS reuse factor in the system. Additionally, it may prove also useful e.g. in scenarios comprising macro and pico eNBs, one may have to align the CSI-RS sub-frames in order to perform muting, for example. In such case different offsets may be needed for the macro and pico eNBs in case TDM-based solutions are adopted for enhanced ICIC.
We also remind that muting has not yet been agreed and if agreed further parameters will most likely be needed to control muting related functionality.
The CSI-RS energy per resource element (EPRE) has to be defined as well. This is needed for proper CQI computation at the UE. Since CRS EPRE is constant in time and frequency, this power can be used as a reference for defining the CSI-RS EPRE in a cell. The CSI-RS REs are located in OFDM symbols without CRS. Therefore, a similar definition as 
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 can be reused with the difference that the CSI RS-to-CRS EPRE offset would be cell-specific. The exact range of this signaling parameter is FFS but as a minimum it should support full power utilization of a cell considering the possible numbers of configured CRS and CSI-RS antenna ports and the current 
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 signaling. One should also take into account the possible extra boosting coming from muted resource elements. It is noted however that it was already agreed not to have explicit boosting of CSI-RS, i.e. there is no stealing of power from PDSCH REs.
	Parameter
	Values
	# of bits
	Notes

	# of CSI-RS ports
	2, 4, 8
	2
	

	CSI-RS index
	0, 1, 2, …, 31
	5
	Selects the active pattern (indexing covers patterns for FS1 and FS2) 

	CSI-RS subframe offset
	0, 1, 2, 3, 4, 5, 6, 7
	3
	FFS: which subframes can be used for CSI-RS in TDD

	CSI-RS periodicity
	5, 10, 20, 40 (ms)
	2
	

	CSI-RS to CRS EPRE offset
	TBD
	TBD
	


Table 1 CSI-RS configuration parameters

3
Conclusions

In this contribution we have presented CSI-RS signaling aspects which need specification. Our main observations may be summarized as follows: CSI-RS configuration parameters may be signalled as part of downlink system information. One has to inform the UE the CSI-RS configuration parameters: number of ports, location in terms of CSI-RS index, sub-frame offset, duty cycle, EPRE. Total number of bits need for CSI-RS configuration depends on the final choices for selected parameters like the duty cycle, sub-frame offsets, etc.
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