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1. Introduction

At the RAN1#61bis meeting, the CSI-RS patterns were agreed upon [1]. In this contribution, we present our views regarding detailed CSI-RS patterns and signaling for the CSI-RS. 
2. Intra-subframe Location Index for CSI-RS
Before discussing the detailed signaling, the intra-subframe location index for the CSI-RS is discussed. Table 1 shows the agreed number of CSI-RSs for frame structures (FSs) 1 and 2. 
Table 1 – Number of CSI-RS Pattern
	
	FS-1
	FS-2

	
	Number of CSI-RS port
	2
	4
	8
	2
	4
	8

	Normal CP
	20
	10
	5
	32
	16
	8

	Extended CP
	16
	8
	4
	28
	14
	7


Based on the nested structure, the pattern with the smaller number of CSI-RS ports is a subset of the pattern with a larger number of CSI-RS ports. Therefore, the intra-subframe location index is also determined by the larger number of CSI-RS ports. There are two possible methods as shown in Fig.1.  
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(a) Consecutive index for nested structure              (b) Same index for nested structure
Figure 1 – Indexing based on nested structure
Figures 2(a) and 2(b) show the intra-subframe location index for 2, 4, and 8 CSI-RS ports using consecutive indexes and the same indexes for nested structures, respectively.  Furthermore, Figure 2(c) shows the index without considering the nested structure. In the method in Fig. 2(c), the frequency location of the CSI-RS with intra-subframe location index 0, 1, 2,… is set to be equally spaced for all 2/4/8 CSI-RS ports, although this feature may not be required. Currently, we have a slight preference toward using the consecutive index for the nested structure, since it has high affinity to signaling reduction for muting, if supported (for more details see the contribution [2]).
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(a) Consecutive indexes for nested structure (Based on nested structure)
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(b) Same indexes for nested structure (Based on nested structure)
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(c) Indexes without considering nested structure
Figure 2 – Intra-subframe location index for CSI-RS
The intra-subframe location index for the CSI-RS for FS-2 and extended CP are described in the Appendix.
3. Signaling to Support CSI-RS 

In order to estimate a channel using the CSI-RS, the UE must have the following knowledge regarding the CSI-RS parameters.

· Number of CSI-RS ports

· CSI-RS location

· Intra-subframe location index 

· Subframe offset
· Duty cycle (5, 10, 20 msec,…)

· CSI-RS power, i.e., energy per resource element (EPRE)
3.1. Number of Signaling Bits

This section discusses the number of signaling bits for the CSI-RS.

· Number of CSI-RS ports

The number of CSI-RS ports, i.e., 2, 4, or 8, should be signaled via the RRC signaling. Therefore, two bits are required. 

· Intra-subframe location index

The intra-subframe location index can be sent implicitly or explicitly, where the following three alternatives are considered. 

· Implicit method

If the CSI-RS location is tied to the cell ID in the same way as that for the CRS, i.e., by using implicit signaling, the signaling overhead becomes small.
· Explicit method

If the CSI-RS location is explicitly signaled using the RRC, it is beneficial to avoid complicated cell ID replanning in Rel-10 taking both the CSI-RS and CRS into account. 
· Hybrid (implicit/explicit) method

In this method, the CSI-RS location is tied to the cell ID. However, the RRC signaling may indicate the CSI-RS location, and this RRC signaling overrides the implicit signaling.  In the method, considering the commonality with CRS, it is beneficial that the CSI-RS location that is tied to cell ID be limited to the CSI-RS located in the 9th and 10th OFDM symbols, since the number of CSI-RS locations becomes a multiple of 3. Furthermore, the additional CSI-RS locations in other locations are only used when RRC signaling is used. 
The cell ID is planned considering subcarrier shift on the downlink CRS and uplink RS (RS hopping). Thus, an explicit signaling mechanism for the CSI-RS location information may be beneficial to avoid complicated cell ID planning taking both the CSI-RS and CRS into account. Therefore, either the explicit method using RRC signaling or the hybrid method using RRC signaling and the cell ID tying is preferred.  
As discussed in Section 2, the number of patterns is different for different numbers of CSI-RS ports. Therefore, by using joint coding for the number of CSI-RS ports and the intra-subframe location index, it may be possible to reduce the total number of signaling. When joint coding is used the total number of signaling bits is same irrespective of the number of CSI RS ports. However, the necessity of slight signaling bit reduction in RRC signaling is FFS. 
· Subframe offset and duty cycle
As shown in Fig. 3, in a heterogeneous network and relay scenario, it is beneficial to support different subframe offsets between, e.g., macro and pico cells if PDSCH muting is supported. The subframe offset should be signaled using RRC signaling. 
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Figure 3 – Need for different offsets for CSI-RS

For time-domain periodicity, a multiple of 5 msec was agreed to be the baseline and 10 msec periodicity was prioritized at the RAN1#59 meeting. The duty cycle should have commonality to CQI reporting periodicity [3]. Therefore, the following values are the baseline for the duty cycle, although the necessity for a lager duty cycle such as 80, or 160 msec is FFS.
· 5, 10, 20, 40, 80, 160 msec

The signaling of the duty cycle is combined with a subframe offset similar to the CQI reporting periodicity and offset value [3]. One example is shown in Table 2 (9 bits are required in the example).
Further reduction can be considered, since the CSI-RS should not be sent in the subframe for the broadcast channels, or the paging channel.

Table 2 – Example of Signaling of Duty Cycle and Subframe Offset
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· EPRE
It is required to define the CSI-RS EPRE which UE “assumes”. There are following two methods 
· Implicit signaling: A certain UE assumption on CSI RS EPRE is specified. For example, a UE assumes that the CSI-RS EPRE is same level as PDSCH EPRE. However, as specified in [3], the ratio between PDSCH EPRE and the cell-specific RS (CRS) EPRE, PA, is defined UE-specific manner. Therefore, considering that the different PA can be configurable for different UEs, the compensation mechanism for erroneous CQI estimation may be necessary eNB. For CQI correction at eNB, following issues may be considered:

· Without absolute power level of CSI RS, UE may miss-estimate rank, which eNB may not be able to correct appropriately.

· If a UE computes CQI for rank > 1 using the MMSE criteria, eNB may not be able to correct CQI accurately due to non linearity between transmit power per port and post-MMSE SINR.
· Explicit signaling: The explicit signaling can overcome the problem in implicit signaling.  For example, in addition to the implicit mechanism above, UE specific 
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 can be signalled to adjust the UE assumption on CSI RS power. Use of  
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 is already supported in Rel-8 specification (defined in Section 7.2.3 [3]) as  UE assumption of CQI calculation, as sited below
	- Section 7.2.3 of TS 36.213 -

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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[dB] for any modulation scheme, if the UE is configured with transmission mode 2 with 4 cell-specific antenna ports, or transmission mode 3 with 4 cell-specific antenna ports and the associated RI is equal to one; 
· 
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The shift 
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is given by the parameter nomPDSCH-RS-EPRE-Offset which is configured by higher-layer signalling.


· Another way to use explicit signaling is to define the EPRE of the CSI-RS as a value relative to CRS as shown in Fig. 4. Therefore, the ratio of the CSI-RS EPRE to CRS EPRE, PC, should be defined as a cell-specific parameter. Although exact values need further investigation, range of PC might be set same as that of  PA as shown below.
· 3, 2, 1, 0, -1.77, -3, -4.77, -6 (dB)
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Figure 4 – Definition of CSI-RS EPRE
Finally, Table 3 shows a summary of the number of signaling bits for the CSI-RS. 
Table 3 – Summary of Number of Signaling Bits (FS-1 and Normal CP)
	Parameters
	Values
	Number of bits

	Number of CSI-RS ports
	2, 4, 8
	2 bits(FFS for joint coding with intra-subframe location index)

	Intra-subframe location index
	See Section 2
	5/4/3 bits 
for 2/4/8 CSI-RS ports

	Subframe offset and duty cycle
	[5, 10, 20, 40, 80, 160] msec for duty cycle
and all possible offsets
	[9] bits

	EPRE, if specified
	[3, 2, 1, 0, -1.77, -3, -4.77, -6] dB
	[3] bits


3.2. Broadcast or Dedicated Signaling
The parameters for the CSI-RS are cell-specific. Therefore, it is natural to send them in the broadcast channel. One possibility is that the system information block (SIB)-2, which sends the physical layer-related information, can be extended to accommodate the CSI-RS information. 
On the other hand, this information is only required in the RRC-connected mode. Furthermore, this information is only required for Rel-10 UEs. When the number of Rel-8 UEs is limited, the broadcasting is not a good solution. Therefore, another possibility is to send it via dedicated RRC signaling to Rel-10 UEs. Although we currently slightly prefer using the broadcast channel, we need further investigation to check all the newly defined system information in Rel-10. 
4. Conclusion

In this contribution, we presented our views regarding detailed CSI-RS patterns and signaling for CSI-RS. 
· Following signaling should be defined for CSI-RS signaling
· Number of CSI-RS ports
· Intra-subframe location index
· Subframe offset and duty cycle
· EPRE (Necessity of explicit signaling is FFS)
· Actual values should be further investigated (Possible baseline values are described in Table 3)
· Further study is required for CSI-RS signaling is sent on broadcast signaling or dedicated RRC signaling in the later stage, considering all the newly defined system information in Rel-10. 
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Appendix
For normal CP FS-2, Figure A1(a) and A1(b) show the intra-subframe location index for 2, 4, and 8 CSI-RS ports using consecutive indexes and the same indexes for nested structures, respectively.  Furthermore, Figure A1(c) shows the index without considering the nested structure.
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(a) Consecutive indexes for nested structure (Based on nested structure)
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(b) Same indexes for nested structure (Based on nested structure)
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(c) Indexes without considering nested structure
Figure A1 – Intra-subframe location index for CSI-RS (Normal CP, FS2)
In the extended CP, slightly different indexing methods should be defined, since the base pattern is different from normal CP. Figure A2 shows the indexing based on nested structure for extended CP.
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(a) Consecutive index for nested structure              (b) Same index for nested structure

Figure A2 – Indexing based on nested structure (Extended CP)
Finally, Figure A3 and A4 show the intra-subframe location index of extended CP for CSI-RS for FS1 and FS2, respectively.
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(a) Consecutive indexes for nested structure (Based on nested structure)
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(b) Same indexes for nested structure (Based on nested structure)
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(c) Indexes without considering nested structure
Figure A3 – Intra-subframe location index for CSI-RS (Extended CP, FS1)
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(a) Consecutive indexes for nested structure (Based on nested structure)
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(b) Same indexes for nested structure (Based on nested structure)
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(c) Indexes without considering nested structure
Figure A4 – Intra-subframe location index for CSI-RS (Extended CP, FS2)
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