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1. Introduction
In this contribution, we investigate some issues related to the restrictions of CSI measurements in the macro-pico deployment when eICIC is employed. 
2. Discussion

CSI measurements are performed on Rel-8/9 CRS or Rel-10 CSI-RS. Specifically, 

· For transmission modes 1 to 8, the CRS is used for CSI measurements; 

· For transmission mode 9, FFS whether CSI-RS or CRS + CSI-RS is used. 

There have also been some agreements regarding PDSCH muting, i.e., when PDSCH muting is configured, an eNB should mute in the resource elements (REs) colliding with adjacent cell’s CSI-RS [2]. Some issues remain FFS in the current RAN1 discussion; they include
· In eICIC, whether Macro eNB should mute in the REs colliding with the CRS of the Pico in Macro-cell’s coverage [1] 

· In FDD, whether the periodicity of 4ms is allowed for CSI-RS transmission

· Whether CSI-RS is transmitted in an almost blank subframe (ABS)
In the following, we discuss some issues related to the restrictions of CSI measurements in the macro-pico deployment. 
2.1. Subframes for Pico UEs CSI Measurements  

There are two types of UEs in a Pico cell, i.e. those in the cell range expansion (CRE) region and those not in the CRE region. For Pico UEs not in the CRE region, the configurations of CSI measurements should be the same as those in a normal cell, and the measurements can be executed in any subframe. On the other hand, for Pico UEs in the CRE region, their received signals may be interfered by the signal sent by the Macro eNB; thus, the CSI measurements should be restricted in some radio resources with less interference. 

Proposal 1: Pico UEs in the CRE region and non-CRE region do not have the same configurations in the subframes for CSI measurements.
It has been agreed in RAN1#62bis that two bitmaps related to the time-domain eICIC scheme are sent by the Macro eNB over X2 to Pico eNB. The first bitmap indicates the use of the ABS pattern of the Macro eNB, and the second bitmap indicates a subset of the subframes indicated by the first bitmap, which are recommended to the Pico eNB for configuration of restricted RLM/RRM measurements. For the Pico UEs in the CRE region, there are two options for CSI measurements subframes: 
· Option 1: CSI and RLM/RRM use the same restricted ABS pattern indicated by the second bitmap
· Option 2: CSI measurements are done at a set of subframes not identical to those for RLM/RRM

Although Option 1 seems a natural choice to adopt, it is less flexible than Option 2 is. We discuss Option 2 below from the perspectives of PDSCH muting of the aggressor (for both Macro-Pico and Macro-Femto) and detection of the idle aggressor (for only Macro-Femto). 
PDSCH Muting of Aggressor

Without loss of generality, we consider Macro-Pico deployment below. Two issues are related to Macro eNB muting, i.e. 

· In eICIC, whether Macro eNB should mute in the REs colliding with the CRS of the Pico in the Macro-cell’s coverage [1]

· When PDSCH muting is configured, an eNB should mute in the REs colliding with adjacent cell’s CSI-RS [2]

In the first bullet, when Macro eNB mutes in the REs colliding with the CRS of the co-channeled Pico, a Pico cell’s CRS is clean (not interfered by Macro’s signal) no matter it is in an ABS or not. Thus, the CRS-based CSI measurements of a Pico UE in the CRE region can be executed in any subframe, and CSI measurements are performed more frequently. If, instead, muting is not configured in Macro eNB, the CSI measurements of a Pico UE in the CRE region should only be carried out in an ABS so that the interference from the Macro does not degrade the quality of CSI measurements.
In the second bullet, similarly to the first one, depending on whether the muting is configured, there are different restrictions on the subframes for Pico UE CSI measurements. Without muting, CSI is measured only when CSI-RS coincides with an ABS. As will be discussed below, the coincidence of CSI-RS and ABS may be quite infrequent. If only some collided REs are muted based on a muting pattern, the CSI-RS for CSI measurements may take the muting pattern into consideration.
Proposal 2: If the Macro eNB ceases transmission at the REs colliding with Pico cell’s CRS/CSI-RS, then CSI measurements can be executed in any subframe containing CRS/CSI-RS to increase the CSI granularity. Instead, if the Macro eNB does not mute at those REs, then CSI measurements can be executed only when CRS/CSI-RS coincides with an ABS.
Detection of Idle Femto
Consider the Macro-Femto deployment, where Macro cell is the victim so we consider the CSI measurements of a Macro UE close to Femto. Assume that PDSCH muting is not configured, and the Femto eNB does not transmit signals due to an Idle mode Femto UE. In this case, restricting the nearby Macro UE in only ABS is unnecessary for scheduling. If this Macro UE performs CSI measurements at some subframes other than ABS, it is possible to detect that the Femto eNB is idle so that the scheduling can be more flexible.
Proposal 3: In Macro-Femto, Macro UE close to Femto performs CSI measurements at some subframes other than ABS.
2.2. Necessity of 4ms Periodicity for CSI-RS Transmission
The design of ABS pattern should take the HARQ timing into consideration. In FDD, the round trip of HARQ is 8 subframes. Consequently, subframe n＋8 shall be an ABS whenever subframe n is an ABS carrying UL grant, DL assignment, and/or PHICH. 

Consider transmission mode 9 in FDD, and PDSCH muting is not configured. If the periodicity of 4ms is allowed for CSI-RS transmission, to allow for the most frequent CSI measurements, the offsets of CSI-RS transmission and ABS pattern should be set in a way that the most number of subframes containing CSI-RS coincide with ABS. For example, in Figure 1, where the period of CSI-RS transmission is 4ms, and an ABS set is composed of a series of consecutive subframes with a distance of 8ms. When only one ABS set is employed, half of subframes containing CSI-RS coincide with ABS; when two ABS sets are used, every subframe containing CSI-RS coincides with an ABS. In the former case, the CSI measurements can be performed every 8ms most frequently; in the latter, 4ms most frequently.
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Figure 1: CSI-RS and ABS pattern when the period of CSI-RS is 4ms
If the periodicity of 4ms is not allowed, the coincidence of a subframe containing CSI-RS and an ABS is less frequent. In Figure 2, the period of CSI-RS transmission is 5ms. If only one ABS set is adopted, the coincidence of CSI-RS and an ABS occurs once every 40ms at the most frequent case; if two ABS sets are used, then 20ms most frequently. 
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Figure 2: CSI-RS and ABS pattern when the period of CSI-RS is 5ms

From the above for FDD mode, we can see, to use CSI-RS for CSI measurements when ABS is employed, the CSI-RS transmission period and the offset are related to the ABS pattern. In TDD mode, things become even more complicated. For FDD, the HARQ round trip is 8ms; for TDD, the HARQ timing differs for different UL-DL configurations [3]. Thus, if the CSI-RS transmission period and ABS pattern is to be jointly considered, the CSI-RS periods yielding sufficient CSI granularity vary with UL-DL configurations, which brings a lot of complexity to the standardization. Considering the commonality of FDD and TDD, we think it is difficult to jointly consider the CSI-RS transmission period and the ABS pattern. Thus, we propose:
Proposal 4: If without PDSCH muting, the Pico UEs in the CRE region are not configured with transmission mode 9. So they use CRS for CSI measurements, and there is no need to consider the CSI-RS transmission period from the perspective of the ABS pattern. 

2.3. Transmission of Macro eNB CSI-RS in ABS  

Since all ABS carry CRS, a Macro UE can use CRS for channel estimation regardless of the configured transmission mode. In our view, there is no need for the Macro eNB to transmit CSI-RS in ABS.   
Proposal 5: In Macro-Pico, if CSI-RS of Macro eNB coincides with an ABS, it is not transmitted in the ABS.
3. Conclusion
In this contribution, some issues related to the restrictions of CSI measurements were discussed. We have the following proposals:
Proposal 1: Pico UEs in CRE region and non-CRE region do not have the same configurations in the subframes for CSI measurements.
Proposal 2: If the Macro eNB ceases transmission at the REs colliding with Pico cell’s CRS/CSI-RS, then CSI measurements can be executed in any subframe containing CRS/CSI-RS to increase the CSI granularity. Instead, if the Macro eNB does not mute at those REs, then CSI measurements can be executed only when CRS/CSI-RS coincides with an ABS.

Proposal 3: In Macro-Femto, Macro UE close to Femto performs CSI measurements at some subframes other than ABS.
Proposal 4: If without PDSCH muting, the Pico UEs in the CRE region are not configured with transmission mode 9. So they use CRS for CSI measurements, and there is no need to consider the CSI-RS transmission period from the perspective of the ABS pattern. 

Proposal 5: In Macro-Pico, if CSI-RS of Macro eNB coincides with an ABS, it is not transmitted in the ABS.
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