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1. Introduction

At RAN1#68 meeting the interference measurements using ZP CSI-RS resources was agreed for DL CoMP [1]. At RAN1#69 meeting the issue of limited IM resource configurations was raised by operators [2] and the way forward to maximize the number of configurations of the interference part of CSI while keeping realistic interference measurement accuracy/performance was agreed. The proposal to increase the number of IM resources has been made at RAN1#70 meeting [3], but some details were not described. In this contribution we describe another approach to enhance interference measurement procedure, by considering IM resource hooping [2]. In addition we propose simple scheme to extend the number of possible IM resources with minimum impact on RAN1 agreements.
2. Motivations to increase the number of IMRs
As noted in [4], the interference measurement on IMR in some cases may be less accurate than interference measurements on the serving cell CRS. The less accurate interference measurements was explained by the usage of zero-power CSI-RS as IMR, which in case of overlap with another IMR may not capture interference from other transmission point. In contrast, CRS based measurements includes interference contribution from the transmitting points even when CRS patterns overlap, unless different modulation sequences for CRS are used. The results provided in [4] indicates that for full loading scenario and single cell operation CRS based interference measurements is more accurate than ZP CSI-RS, primary due to smaller number of ZP CSI-RS configurations for IM resources than CRS sequences. Based on the provided analysis it was recommended to increase the number of IM resource configurations in Rel-11 than the total number of Rel-10 ZP CSI-RS. It should be noted that the conclusions on CRS and ZP CSI-RS interference measurements might be somewhat different if the partial loading scenario is considered. In such case the interference measurements on overlapping CRS is not accurate, as CRS may always collide with another CRS regardless of the PDSCH cell load.
Beside the more accurate interference measurements, another motivation of increasing the number of IM resource configurations is future dense network deployment scenarios with a number of low power cells. In such scenarios there could be a need of larger number of the IM resource configurations to alleviate operator’s planning effort [2].

3. IMR hopping
The issue of IMR planning with a limited number of IMR configurations is somewhat similar to the planning issue of the uplink reference signals in Rel-8. Similar to ZP CSI-RS, there could be only 30 different sequences that can be used as a reference signals in different cells. The typical planning requirement in this case is to ensure that different sequences are allocated to all potentially interfering cells. In practical case this planning criterion can’t be fulfilled with 30 sequences and the additional solution based on pseudo-random sequence hopping was introduced in Rel-8. If the hopping for the uplink reference signals is enabled, the sequences used in the cells changes in every time slot in a pseudo-random fashion, therefore avoiding systematic collisions of the same sequences in the neighbouring cells. Such systematic collision avoidance is also relevant to IM resources based on ZP CSI-RS and therefore should be considered as an option for interference measurement enhancement in Rel-11.
In contrast to the uplink reference signal hopping, the IM resource hopping should be limited to some set of ZP CSI-RS 
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 (interference measurement zone), which may be configured by the RRC message similar to zeroTxPowerCSI-RS-r10. Then, the ZP CSI-RS resource 
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 which should be used for interference measurement may be configured to change with periodicity of 1 ms within 
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where 
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 is ZP CSI-RS configured by resourceConfig-r11 and 
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 is a number of ZP CSI-RS resources in the configured ZP CSI-RS resource set 
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. Similar to uplink reference signals the hopping function can be defined by
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where the pseudo-random sequence 
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 at the beginning of each radio frame. To ensure the planning of ZP CSI-RS as IM resources within CoMP cluster, the same hooping pattern should be used by all cooperating cells by configuring the same 
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The example of interference measurement zone for three sectors CoMP cluster is shown in Figure 1, where to enable CQI calculation for different interference hypothesis, 7 IM resources are configured. 
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Figure 1: Interference measurement zone
4. Rate matching

In order to avoid the potential issues with PDSCH RE mapping the interference measurement zone should be rate matched. This can be achieved by limiting interference measurement zone to the resource elements of R10 ZP CSI-RS. In this case the eNB may also need to emulate PDSCH interference on the REs within IM zone to guarantee interference measurements at the UE consistent to the interference hypothesis set for the particular IM resource (see Figure 1). 
5. Increasing the number of IM resources
At RAN1#70 meeting it was agreed that IM resources is configured by R10 subframeConfig and a R10 resourceConfig, where resourceConfig is for 4 REs and corresponds to single R10 ZP CSI-RS resource configuration. To increase the number of possible IM resource configurations, the above definition can be extended to multiple R10 ZP CSI-RS resources by configuring multiple (e.g. 2) R10 resourceConfig (and potentially R10 subframeConfig) per single IM resource. In this case the impact of IM resource of one CoMP cluster to collide with substantially null IM resource of another CoMP cluster is reduced. 
6. Summary and conclusions

In this contribution we have discussed the issue of Rel-11 interference measurements using limited number of IM resources based on ZP CSI-RS. It has been found that the issue is similar to the usage of Rel-8 uplink reference signals. Based on this observation the IM resource hopping similar to the uplink reference signal hoping was proposed. In addition to increase the number of IM resource configurations, the IM resource definition was proposed to extend to multiple R10 ZP CSI-RS resources by configuring more than one resourceConfig (and potentially R10 subframeConfig) per IM resource. 
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