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1. Introduction
Following RAN1 #62bis, although standardized RE muting will be adopted for Rel-10, the following topic was identified for further study [1]-[2] in RAN1 #63:

· One value of subframe offset and duty cycle is signalled for all the muted resource elements, using the same encoding as for the subframe offset and duty cycle of the CSI-RS


· One of two options should be decided at the next meeting

· Option 1: Muted REs cannot be located in subframes without CSI-RS

· Option 2: Muted REs can be located in subframes without CSI-RS, and in this case the CSI-RS duty cycle is an integer multiple of the muted REs duty cycle

This contribution presents our views on options 1 and 2.
2. Muting Periodicity: Option 1 versus Option 2
Observation 1: Option 1 restricts RE muting to occur on CSI-RS subframes only and therefore the muted REs duty cycle periodicity is an integer multiple of the CSI-RS duty cycle periodicity.  On the other hand, Option 2 allows muted REs to occur even on subframes not containing CSI-RS, however, the CSI-RS duty cycle periodicity should be an integer multiple of the muted REs duty cycle periodicity. 
In scenarios where coordinating eNodeBs can configure their CSI-RS offsets and duty cycle periodicities identically (e.g. homogeneous networks), Option 1 suffices. Option 2 may be relevant whenever coordinating eNodeBs transmit their CSI-RS with non-identical duty cycle periodicities and/or subframe offsets. For example, as shown in below figure, a macro cell eNodeB may transmit CSI-RS often (e.g. once in 4 ms) for tracking channel to high mobility UEs, whereas a pico cell eNodeB may transmit CSI-RS less periodically (e.g. once in 20 ms) because it serves mostly low mobility UEs [3] [4].
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Figure 1: CSI-RS transmission with different duty cycle periodicities across cells. Macro cell eNodeB transmits Almost Blank (AB) subframes on a subset of its CSI-RS carrying subframes.
With the enhanced time-domain eICIC in Rel-10, coordinating macro cell eNodeB and lower power pico cell eNodeB coordinate their subframe transmissions over backhaul. The macro cell eNodeB transmits a pattern of “Almost blank” subframes (40 ms periodicity for FDD) which protects pico cell UEs from otherwise experiencing intolerable DL interference. Cell-edge pico cell UEs will therefore likely be scheduled only during “protected” subframes, thereby maximizing their probability of successful data and control channel reception. 
Observation 2: In RAN1 #62bis, it was agreed that CSI measurement at a Rel-10 UE (e.g. range extended pico cell UE) may be performed on a restricted set of subframes [5] that are RRC signaled to it from the victim cell eNodeB. 

By confining its CSI measurement set to a restricted set of DL subframes – arising from time-domain multiplexed “protected” (low-interference) and “non-protected” (high-interference) subframes – a cell-edge pico cell UE can average its CQI across subframes experiencing statistically identical interference.  
Observation 3: For obtaining reliable CQI prior to scheduling pico cell UEs during protected subframes, the pico cell eNodeB should transmit CSI-RS, at least during protected subframes.
Observation 4: If a pico cell eNodeB transmits CSI-RS only during protected subframes (as shown in Figure 1) and macro cell eNodeB transmits CSI-RS only during normal subframes, then Option 1 prevents pico cell UE from accurately estimating its channel to macro cell eNodeB.
Observation 5: With Option 2, inter-cell measurement at victim UE (e.g. pico cell UE) can occur even on non-protected (that is non-eICIC) subframes. 

· (Pros): Option 2 enables a cell with a large CSI-RS duty cycle (e.g. 40 ms) to “tune” its muting periodicity according to CSI-RS transmissions of a cell with a smaller duty cycle (e.g. 10 ms). 

· (Cons): As shown in previous studies, puncturing and muting PDSCH can degrade legacy performance [6]. Therefore, option 2 may result in deteriorated Rel-8/9 UE performance.


[image: image2]
Figure 2: CSI-RS pattern collision with BCH/PSS/SSS/SIB-1
Observation 6: For FDD transmission, during subframe 0, only CSI-RS patterns on OFDM symbols (12, 13) do not collide with PBCH/PSS/SSS.  See Figure 2.
· With 8 TX CSI-RS, available reuse factor on OFDM symbols (12, 13) equals one. According to Option 1, it is not possible to measure inter-cell CSI during such subframes. On the other hand, with Option 2, by time-division multiplexing CSI-RS transmissions across different cells during subframe 0, the UE can measure its inter-cell CSI. For example, with CSI-RS duty cycle periodicity equalling 80 ms and CSI-RS subframe offset values chosen from the set {0, 10, 20, 30, 40, 50, 60, 70}, a UE can measure its inter-cell CSI to 7 different cells.
Observation 7: For uplink heavy TDD configuration 0 (D S U U U D S U U U), only CSI-RS patterns on OFDM symbols (5, 6) [normal CP transmission] and OFDM symbols (4,5) [extended CP transmission] do not collide with PBCH/PSS/SSS. See Figure 2.
· For 8 TX CSI-RS transmission, Option 1 does not work because the corresponding CSI-RS reuse factor in above scenario equals just 1.

Overall, the functionality provided by Option 1 seems sufficient in scenarios where it is possible to estimate inter-cell CSI during intra-cell CSI-RS subframes. Unfortunately, in TDD configuration 0 as well as FDD transmission with a certain combination (s) of subframe offset and duty cycle periodicity, Option 1 appears too restrictive. 
Option 2 provides greater flexibility relative to Option 1, for example in het-net scenarios, but it can result in deteriorated legacy UE performance. Overall, on balance, we prefer Option 2.
3. Conclusions

Proposal 1: Option 2 is preferred.
To align specifications for RE muting with intra-cell CSI-RS, we additionally propose:

Proposal 2: Muting can occur only on certain subframes according to Proposals 
Proposal 3: The set of “valid” subframes where muting pattern is applied should follow the same rules as the set of “valid” subframes for which an intra-cell CSI-RS pattern can be transmitted.

· Per proposals 3a and 3b in [7].
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