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1 Introduction
In order to support CoMP, the multiple non-zero power CSI-RS resources configuration was agreed to measure the channels from multiple transmission points. In 3GPP RAN1 #68bis meeting, the followings were agreed for multiple non-zero-power CSI-RS resources [1]:
· Configuration of multiple non-zero-power CSI-RS resources includes at least:
· AntennaPortsCount 
· ResourceConfig
· SubframeConfig
· Pc
· Parameter X to derive scrambling initialization
· These parameters are configured per CSI-RS resource
In addition, the followings were decided to be FFS:
· Whether some parameters can be configured per CSI-RS port considering the decision of supporting coherent joint transmission by the aggregated CSI feedback corresponding to multiple TPs in one CSI-RS resource
· UE specific RRC signalling for CSI-RS restriction is configurable per CSI-RS resource
· Signaling of the bandwidth information for CSI-RS
This contribution addresses on the second issue in the FFS list above. In order to measure CSI-RS resources from multiple cells, UEs have to be notified of which subframes are eligible for CSI measurement and which are not. This contribution discusses the additional information for CSI-RS measurement restriction that needs to be conveyed to UEs in order to support reliable CSI measurements on multiple CSI-RS resources from multiple cells.

2 CSI-RS measurement restriction
In Release 10, the UE will assume that CSI reference signals are not be transmitted

· in the special subframe(s) in case of frame structure type 2,

· in subframes where transmission of a CSI-RS would collide with transmission of synchronization signals, PBCH, or SystemInformationBlockType1 (SIB1) messages,

· in subframes configured for transmission of paging messages. 
Accordingly, when a UE comes across a potential CSI-RS subframe that falls under one of the above categories, it skips that subframe (i.e. CSI-RS measurement is not taken). Similar approach can be taken in Release 11 where UEs configured with multiple CSI-RSs for different cells skip the measurement of each CSI-RS according to the restriction on the corresponding cell. In order to correctly determine which subframes are valid CSI-RS subframes, a UE would need to know the details such as timings of synchronization signals, PBCH, SIB1 messages, and paging messages. However, in Release 11 CoMP operation, a UE is not expected to have full knowledge of the necessary information pertaining to the cells from which it is receiving CSI-RS.
Figure 1 shows an example where a UE is configured with two CSI-RS resources, CSI-RS-1 and CSI-RS-2, from the serving cell and the neighbouring cell, respectively. For CSI-RS-1, the UE can know on which subframes the CSI-RS is not transmitted due to synchronization signals, PBCH, SIB1 and paging messages because the UE already has the correct information of the subframe index and the system information on the serving cell. On the other hand, the UE cannot be expected to know the above information of the neighbouring cell and therefore the UE cannot know the subframe position where CSI-RS2 is not transmitted due to synchronization signals, PBCH, SIB1 or paging message. In other words, unless a UE has sufficient information about the above collision timings, UE would try to receive CSI-RS even for an invalid subframe resulting in a possible corruption of its channel feedback processing. For this reason, the information on which subframes are eligible for CSI-RS measurement is required to be signalled to UE.
Proposal 1:
Release 11 should support means for conveying to a UE which subframes the UE should assume that CSI-RS is not transmitted.
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Figure 1. CoMP scenario where a UE received a CSI-RS from neighbouring cells
One alternative in avoiding the issue arising from the neighboring cell’s synchronization signals, PBCH and SIB is to synchronize all cells’ transmission timing such that the same subframes are used for the transmission of these signals. Such an approach would mean that subframe offset can no longer be applied for networks which has implemented CoMP. Note that applying subframe offsets is a useful feature that allow macro cell and pico cell(s) of a heterogeneous network to be assigned with different subframe offsets and thereby avoiding collision between the synchronization signals and PBCH of the macro cell and pico cell. Such a feature is especially useful if the network wants to employ a large cell range expansion value. One might argue that this feature is not necessary for CoMP. However, since CoMP can be deployed in the same network where eICIC is implemented for legacy UEs, it is important to support this feature for Release 11 in order for CoMP to coexist with legacy network operations. Given the situation, it seems that supporting additional RRC signalling to convey the measurement restriction information is significant.
As agreed in the past RAN1 meeting, multiple non-zero-power CSI-RS resources can be configured to support CoMP. The multiple non-zero-power CSI-RS could be transmitted from different TPs or cells. Therefore, the subframe on which a UE assumes that CSI-RS is not transmitted can be different for each CSI-RS resource. Therefore, the information on CSI-RS measurement restriction needs to be included in the configuration signaling of each CSI-RS resource.
Proposal 2:
UE specific RRC signalling for CSI-RS measurement restriction is configurable per CSI-RS resource.
One possible way for the UE to know on which subframes CSI-RS is not transmitted from the neighboring cell is that the network provides the information related to the transmission timings of PBCH, synchronization signals, SIB1, and paging messages. Transmission timings of the above signals are specified as follows [2-4]:

· PBCH: subframe #0 in every radio frame

· Synchronization signals: subframe #0 and #5 in every radio frame

· SIB1: subframe #5 in every even radio frame

· Paging messages:
· Subframe index: 
· #9, {#4 and #9}, or {#0, #4, #5, and #9} for FDD
· #0, {#0 and #5}, or {#0, #1, #5, and #6} for TDD

· Period: 1, 2, 4, 8, or 16 radio frame(s)

This timing specification implies that the information relevant to the available CSI-RS subframes should include the subframe offset with respect to the serving cell as well as the information regarding the paging subframe configuration. Note that the exact paging subframe configuration cannot be derived in the UE side without the full knowledge of the period and the subframe index. On the other hand, the UE can be aware of the timing of PBCH, synchronization signals, and SIB1 with only the subframe offset.
Another approach is for the UE to assume that CSI-RS from neighbouring cell is not transmitted on all possible timings on which the above relevant signals can be transmitted. This approach can be realized by the RRC signalling of the subframe offset with respect to the serving cell. The advantage of this method is in its simplicity and small amount of necessary RRC signalling since the UE only requires the subframe offset with respect to the serving cell. However, the downfall of this method is that it can seriously limit the candidate set of applicable CSI-RS resources and a shortage of CSI-RS resources could happen in scenarios where large numbers of TPs/cells are deployed in vicinity of each other.
The third approach is to explicitly signal the UE with information indicating in which subframes CSI-RS resource is transmitted or not. Such information would be provided per configured non-zero power CSI-RS resource and can be in the form of a bitmap where each bit represents a single transmission timing of CSI-RS. Based on this information, a UE can determine the exact subframe locations where CSI-RS is not transmitted so as to skip such subframes. Note that this approach does not require the UE to know which information collides with the CSI-RS nor the subframe offset of the measured cell.
As discussed above, there are multiple ways of handling CSI-RS measurement restriction. A scheme that balances signalling overhead and efficient use of CSI-RS resources would be preferred. Therefore, it is recommended that RAN1 introduce a UE specific RRC signalling to indicate which subframes are eligible for CSI-RS measurement considering the signalling overhead and the CSI-RS resource efficiency.
Proposal 3:
RAN1 should specify a CSI-RS measurement restriction method considering the signalling overhead and the CSI-RS resource efficiency.
3 Conclusions
This contribution discusses the information necessary to CSI-RS measurement restriction in Release 11 for CoMP operation. The following proposals are made:
Proposal 1: Release 11 should support means for conveying to a UE which subframes the UE should assume that CSI-RS is not transmitted.
Proposal 2: UE specific RRC signalling for CSI-RS measurement restriction is configurable per CSI-RS resource.
Proposal 3: RAN1 should specify a CSI-RS measurement restriction method considering the signalling overhead and the CSI-RS resource efficiency.
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