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1 Introduction
It is mentioned in the LS from RAN1 [1] that

CSI-IM is introduced in Rel-11 as a set of REs used for UE’s downlink interference measurement. Each CSI-IM is configured independently with a R10 subframeConfig and a R10 resourceConfig, where resourceConfig is for 4 REs.

· All the CSI-IMs configured for one UE shall together use only REs which can be configured as a single R10 ZP CSI-RS resource configuration.
It was agreed in RAN1#70bis meeting to include in the specification, and inform RAN2, that the UE is not expected to receive (or the higher layer signaling does not allow the UE to receive) an IMR configuration which is not covered by one (or more – FFS) ZP-CSI-RS configuration for the UE.
It was already agreed in the last meeting that the resourceConfig of IMR (or CSI-IM) is signalled with 4 bits (INTERGER (0..15)). In this contribution, we discuss the possible signalling methods for IMRs’ subframeConfig such that they can be configured as a single R10 ZP CSI-RS resource configuration for the UE. Since the case for IMRs being covered by more than one ZP CSI-RS configuration is still FFS in RAN1, we do not assume such a case in this contribution. 
2 Discussion
As indicated by RAN1, REs allocated to IMRs across all subframes must conform to a single zero-power CSI-RS configuration. Recall that a single ZP CSI-RS resource configuration is parameterized by:
· A 16 bit bitmap, where each bit corresponds to a single 4 RE resource configuration

· A single subframe configuration 
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Table 1 – Release-10 CSI-RS subframe configuration

	CSI-RS-SubframeConfig 
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2.1 Subframe configuration of IMR
For periodicity and subframe offset configuration of IMR, one signalling option is to configure each IMR with subframeConfig which takes a value in [0…154] as in Rel-10 NZP/ZP CSI-RS resource. However, unless carefully configured by the network, this method cannot always ensure RAN1’s required condition can be met. 
Examples below illustrate the required IMR configuration, i.e, the REs of each IMR should be a subset of a single R10 ZP CSI-RS configuration. 
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Figure 1 - Example of Zero Power CSI-RS configuration
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Figure 2 – Example 1 of compatible IMR configuration (Np1 = 5, Noff1 = 0), (Np2 = 5, Noff2 = 0)
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Figure 3 - Example 2 of compatible IMR configuration (Np1 = 10,Noff1 = 0), (Np2 = 10, Noff2 = 5)
Assume the UE is configured a subframe-config for ZP CSI-RS configuration (denoted as Io). To and Δo is the periodicity and the subframe offset, respectively, of the ZP CSI-RS configuration associated with Io as given by Table 1. 
A simple method for the network to indicate the subframe configuration of an individual IMR (denoted as IIMR) is to signal a parameter δIMR, and IIMR is derived by the UE given δIMR, Io, and To as follows:
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(1)
Given IIMR, the periodicty and the subframe offset of the IMR (denoted as TIMR and ΔIMR, respectively) are then read from Table 1 in the same way as ICSI-RS, TCSI-RS and ΔCSI-RS. The RRC parameter δIMR should take a value in the range:
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where Tmax is the maximum periodicity of the CSI-RS configuration, which is equal to 80. Since the minimum value of To is 5, the range for δIMR is [0...30]. 
Intuitively, δIMR controls how the subset of the ZP CSI-RS resources should be selected as an IMR. For further detail on how to derive the equations (1) and (2), please refer to the Appendix.
To illustrate, the ZP CSI-RS resource as shown in Figure 1is configured by Io = 0 (To = 5 and Δo = 0, read from Table 1). For Example 1 (Figure 2), IMR1 is realised by signaling δIMR = 0; from equation (1), IIMR1 = 0 (TIMR1 = 5 and ΔIMR1 = 0). Similarly, IMR2 is realised by signaling δIMR = 0. Note that IMR1 and IMR2 are configured with different resourceConfig.
For Example 2 (Figure 3), IMR1 is realised by signaling δIMR = 1; from equation (1), IIMR1 = 5 (TIMR1 = 10 and ΔIMR1 = 0). Meanwhile, IMR2 is realised by signaling δIMR = 2; from equation (1), IIMR2 = 10 (TIMR2 = 10 and ΔIMR2 = 5). Again, IMR1 and IMR2 are configured with different resourceConfig.
Table 2: Interpreting the periodicity and subframe offset of an IMR from δIMR and ZP CSI-RS configuration
	
	ZP CSI-RS configuration

Io
	Periodicity and subframe offset of ZP CSI-RS

(To, Δo)
	δIMR for IMR1
	IIMR1 from eq (1)
	Periodicity and subframe offset IMR1

(TIMR1, ΔIMR1)
	δIMR for IMR2
	IIMR2 from eq (1)
	Periodicity and subframe offset IMR2
(TIMR2, ΔIMR2)

	Example 1
	0
	(5, 0)
	0
	0
	(5, 0)
	0
	0
	(5, 0)

	Example 2
	0
	(5, 0)
	1
	5
	(10, 0)
	2
	10
	(10, 5)


A major advantage of this method is that it is now very convenient for the network to configure IMRs that conform to the single ZP CSI-RS configuration constraint. Specifically, an IMR configuration is valid as long as
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2.2 Text Proposal
In this section, the text proposal based on the signalling method in the previous section is presented.
--start text proposal--

–
CSI-IM-Config
The IE CSI-IM-Config is the Interference Measurement Resource (IMR) configuration that E-UTRAN may configure on a serving frequency.

CSI-IM-Config information elements
-- ASN1START

CSI-IM-Config-r11 ::=

SEQUENCE {


csi-im-Identity-r11


CSI-IM-Identity-r11,


resourceConfig-r11


INTEGER (0..15),


subframeConfig-r11


INTEGER (0..30)


...

}

-- ASN1STOP

	CSI-IM-Config field descriptions

	resourceConfig

Parameter: IMR configuration, see TS 36.211 [21, table 6.10.5.2-1 and 6.10.5.2-2] for 4 REs.

	subframeConfig

Parameter: 
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is the corresponding periodicity, see TS 36.211 [21, table 6.10.5.3-1] . EUTRAN is not expected to configure values of 
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--end text proposal--

3 Conclusions
In this contribution, we discussed the details of IMR configuration such that the REs allocated to IMRs across all subframes can easily conform to a single zero-power CSI-RS configuration. We proposed a simple signalling method 
for the network to indicate the subframe configuration of an individual IMR. 
A major advantage of the proposed method is that it is now very convenient for the network to configure IMRs that conform to a single ZP CSI-RS configuration constraint. The method is explained in detail in Section 2.2 and the text proposal for TS36.331 is presented in Section 2.3.

In summary, our proposal is given below.

Proposal: The CSI-IM subframe configuration signalling method as proposed in Section 2.1 (with the text proposal for TS36.331 in Section 2.2) is adopted. 
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Appendix
We can derive the proposed mapping using the relationship 
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between the subframe-config index and the corresponding offset/period. Further details of the derivation are given below.
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