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1
Introduction
During RAN1#62, the main framework for signalling the CSI-RS parameters has been agreed. Higher layer signalling is to be used to inform the CSI-RS parameters to the UE. The base set of parameters contains: the number of CSI-RS ports, CSI-RS configuration, duty cycle and sub-frame offset as well as CSI-RS power scaling factor. In this contribution we address remaining open aspects related to the CSI-RS parameters and signalling.

2
CSI-RS parameters
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 the location of CSI-RS also for the purpose of puncturing interference suppression in RRC_IDLE and to do the rate matching correctly around CSI-RS in RRC_CONNECTED, i.e. even without being configured to the Rel-10 MIMO transmission mode.

2.1 CSI-RS collisions and operation in TDD/DwPTS
Throughout the reference symbol design in LTE, the issue of collisions between the reference signals and other physical channels, like PBCH, PSS, SSS and paging has always been considered. While these channels are transmitted in specific subframes, the typical solution has been so far avoiding, by scheduling, the subframes containing other channels. Avoiding these channels implies excluding subframes {0, 4, 5, 9} in FDD mode and {0, 1, 5, 6} in TDD mode. 

One configuration which positions itself at the limit of CSI-RS usability is found in TDD, where minimum DL subframes happen in DL/UL configuration 0. It has been shown that a subset of the CSI-RS patterns does not collide with all the physical channels, if one wants to achieve full band CSI-RS transmission [6]. However, as there are patterns colliding for example with the middle band 6 PRBs occupied by PBCH, it implies that one has to take into account such collision when designing the CSI-RS based channel estimator at UE, since puncturing CSI-RS with the PBCH would imply edge effects in channel estimation at the edges of the middle band. Such implication should be avoided as simplified CSI-RS channel estimation implementation is preferred. Moreover, in small bandwidths there might be room only for very low reuse factor, for example reuse factor 4, as collisions with PBSH would drastically limit the availability of CSI-RS.
Proposal: Avoid CSI-RS transmission in subframes {0, 4, 5, 9} in FDD mode and {0, 1, 5, 6} in TDD mode.

Proposal: CSI-RS transmission is performed full band.

In TDD, there is also the potential use of DwPTS for CSI-RS transmission. Even if two control symbols are used in DwPTS, the third symbol is occupied by PSS and hence prohibits the potential shifting of CSI-RS patterns. The normal CP pattern adopted for frame structure type 2 could be used only for small DwPTS sizes while both the frame structure type 1 pattern for normal CP as well as the extended CP patterns could be used if puncturing is allowed. Nevertheless, one can note that either we lose the ability to use the agreed patterns in specific configurations, the case of frame structure type 2 patterns, or we drastically limit the reuse factor. In TDD there is also the possibility to exploit channel reciprocity, making the presence of CSI-RS not mandatory.
Proposal: Avoid using DwPTS for CSI-RS transmission.

2.2 CSI-RS configuration
One of the open CSI-RS aspects is related to the CSI-RS indexing. In [1] three options have been discussed, two based on the nested structure while a third option considering an equal frequency spacing between the indices. One of the main design considerations of the CSI-RS was related to the nested structure of the patterns. From this perspective it is desirable to preserve such functionality. It is believed that CSI-RS indexing may ease the signalling of muting, if supported. One potential structure starts indexing the main OFDM symbols #9 and #10 while continuing with the rest of the symbol. The rationale behind such solution is a potential utilization of reduced muting compared to the full number of CSI-RS options. However, this is valid only for normal CP frame structure (FS) 1 and extended CP in FS2. For normal CP FS2 and extended CP FS1, the indexing can be done is a straightforward manner. If full muting is desired, no special indexing structure is needed and a continuous utilization of top-down, left-right approach of the running index is the simplest solution.
Proposal: Adopt the indexing solution which suits muting best.

	CP type
	8Tx
	4Tx
	2Tx

	Normal CP, FS1
	5
	10
	20

	Normal CP, FS2
	8
	16
	32

	Extended CP, FS1
	4
	8
	16

	Extended CP, FS2
	7
	14
	28


Table 1: Number of CSI-RS combinations

The numbers of possible CSI-RS combinations, depending on the number of transmit antennas, CP type and subframe length are presented in Table 1. Following the previous agreement we note that the number of antenna port number can be indicated using 2 bits while the pattern index can be indicated using 5 bits. As FS2 supports both FS1 and specific FS2 patterns joint consideration of all possible indices is necessary. Moreover, the FS2 patterns are also optional for FS1, hence the unified signalling should be used in all cases.
Proposal: Use 2 bits for antenna port number indication and 5 bits for pattern index indication.
2.3 CSI-RS duty cycle and subframe offset
In previous meeting is has been decided that the CSI-RS duty cycle and the subframe offset are jointly encoded. Remaining open aspects are the exact values taken by the duty cycle. Confirmed values as working assumption are 5, 10, 20, 40, 80 ms. HetNet arguments have been presented [3] in favour of multiples of 4 ms duty cycles. If time domain based partitioning is to be adopted in HetNet, one duty cycle choice is of 8 ms. This is due to the UL HARQ support for the macro layer. It is also desirable that the duty cycle possibilities are kept to a reasonable number. 
Proposal: The following duty cycle values should be supported: 5, [8], 10, 20, 40, 80 ms

2.4 CSI-RS power scaling factor
The need for a CSI-RS power scaling factor to control the UE assumption on reference PDSCH transmitted power for CSI feedback has been acknowledged. One choice for such mechanism is to build on the existing CQI reporting mechanism used in legacy releases. The specification TS36.213 defines CQI report related assumptions in section 7.2.3 cited below:

“In the CQI reference resource, the UE shall assume the following for the purpose of deriving the CQI index:

· The first 3 OFDM symbols are occupied by control signalling

· No resource elements used by primary or secondary synchronisation signals or PBCH

· CP length of the non-MBSFN subframes

· Redundancy Version 0

· the PDSCH transmission scheme given by Table 7.2.3-0 depending on the transmission mode currently configured for the UE (which may be the default mode).  

· The ratio of PDSCH EPRE to cell-specific RS EPRE is as given in Section 5.2 with the exception of 
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is given by the parameter nomPDSCH-RS-EPRE-Offset which is configured by higher-layer signalling. 
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While the CQI assumptions are in general reusable for the CSI-RS based CQI reporting, a new power offset for the PDSCH EPRE to cell-specific CSI-RS EPRE, 
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, is required as proposed in [5]. As the structure of the CSI-RS is different from the CRS it may be beneficial to have a possibility to be able to configure different power offsets for CRS and CSI-RS based reports. In order to be able to take into account efficient power utilization due to the FDM and muting of the CSI-RS, considering the boosting limits, at least values of {-6 dB, -4.77 dB, -3 dB, 0dB} should be included in the signaling range. On the other hand, the range of the existing user specific parameters 
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 as defined in TS36.331 equal {-6 dB, -4.77 dB, -3 dB, -1.77dB, 0dB, 1dB, 2dB, 3dB} and {-2 dB, 0 dB, 2dB, 4 dB, 6 dB,8 dB, 10 dB, 12 dB} respectively. Combining these together yields {-8 -6.77 -6 -5 -4.77 -4 -3.77 -3 -2.77 -2 -1.77 -1 -0.77 0 0.23 1 1.23 2 2.23 3 3.23 4 4.23 5 5.23 6 6.23 7 7.23 8 8.23 9 10 10.23 11 12 13 14 15} dB which is a large range of values. Using the full range of existing values may be justified by for example a need to adjust the CQI reporting algorithm against estimation bias. 
If the power ratio parameter is also used for UE CQI report adjustments, it is justified that the parameter is user specific, otherwise a cell specific value could be considered.
Proposal: Adopt PDSCH to CSI-RS power offset with at least the following range: {-6 dB, -4.77 dB, -3 dB, 0 dB }, possibly using the already specified extended range of values.

3
1Tx CSI-RS 

The introduction of 1Tx CSI-RS has been proposed for further discussion. From the timeline perspective it is perhaps rather late for triggering such a debate, however we do acknowledge that the potential introduction of 1Tx should be considered now, rather than after Rel-10 completion.
3.1 Use cases
Several use cases may be envisioned for 1Tx CSI-RS. The very first argument is a low cost eNB. Under HetNet there is already an ongoing discussion on interference avoidance in case of macro/pico/femto usage. In such cases the use of CRS has clear limitations due to collisions and limited frequency shift possibilities may not be sufficient. While various possibilities are investigated, CSI-RS is bringing potentially double advantages: there are no collisions as with CRS while also CSI-RS have their own muting strategy which can enable more efficient CSI-RS orthogonalization. Another potential use case is the use of 1TX CSI-RS in CoMP mode where a larger array may be constructed by allowing CoMP transmission from such 1Tx eNBs. From an overall perspective, 1Tx CSI-RS is bringing also completion to the CSI-RS design which would allow configuration of 1/2/4/8Tx. Above arguments might bring sufficient justification for the introduction of 1Tx CSI-RS in Rel-10 timeframe, provided that specification impact does not hamper the completion of Rel-10 according to the agreed timeframe.
3.2 Specification impact
Extending (downscaling) the current CSI-RS design may prove to be the best option given the circumstances. One has essentially to fit 1Tx CSI-RS design to the four CSI-RS main patterns, Figure 5. Using the agreed 2Tx CSI-RS configuration for 1Tx purpose is the option to consider, resembling somehow the case of DMRS where both 1 and 2 layer DMRS are using the same REs with a change in density when switching from 1 to 2 layer utilization. The properties of 1Tx CSI-RS may be summarized as follows:
· Same pattern configuration as 2Tx CSI-RS for all frame structures in both normal and extended CP

· 2REs/port

· OCC2 can be used

· Reuse factors 20, 32, 16 and 28 for normal CP FS1, normal CP FS2, extended CP FS1 and extended CP FS2, respectively.
One important note is the usage of the OCC code as a way of further providing inter-cell orthogonality. While such option might double the reuse factors, it may also introduce further complication in terms of scrambling initialization and potential inter-cell CSI estimation sensitivity for CoMP usage.

Regarding the double density per port which is the case of such reuse of 2Tx configuration, the previous agreements on density per port were referring to 2/4/8Tx configuration hence we see such density as an acceptable compromise.

Remaining specifications are expected to follow the 2/4/8Tx CSI-RS design in terms of collisions, CSI-RS indexing, duty cycle and power offset range. The one additional state available for signaling the number of antenna ports can be used for 1Tx CSI-RS, hence the same 2 bits are used.
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Figure 1. Agreed 2Tx CSI-RS patterns for (from left to right): Normal CP, FS 1; Normal CP, FS 2; Extended CP, FS1; Extended CP, FS2 
3.3 Discussion
One may argue that the use cases for 1Tx CSI-RS are not really making the case, while at this stage it is perhaps a rather late addition to Rel-10 design given the current limited time we have to complete the Rel-10 specification. While these may be valid points, we do see minimal changes needed in order to add 1Tx CSI-RS into the specification, given the fact that RAN1 is already at this stage and essential no big effort is required. Perhaps a better CSI-RS design would have been possible with 1Tx in mind from the very beginning. From a future perspective, it can very well be the case that RAN1 identifies a need for 1Tx in future releases. An introduction of such feature at later stage might be more difficult, or require more dirty tricks in order to allow transparent operation. 
4
Conclusions
In this contribution we have presented remaining 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, CSI-RS power offset. Configuration parameters are summarized as follows:

	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 periodicity
	5, 8, 10, 20, 40, 80 (ms)
	3
	

	PDSCH to CSI-RS power offset
	At least {-6dB, -4.77dB, -3dB, 0dB}, or the existing extended range
	2 or 6
	Possibly extending to use the already specified range of values


Other proposals are as follows:

· Avoid CSI-RS transmission in subframes {0, 4, 5, 9} in FDD mode and {0, 1, 5, 6} in TDD mode.

· CSI-RS transmission is performed full band.

· Avoid using DwPTS for CSI-RS transmission

If 2Tx CSI-RS design is used for 1Tx CSI-RS, with minimal changes such as the 1 state in number of ports signalling, the introduction of 1Tx CSI-RS could be adopted.
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