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1. Introduction

At the RAN1#62bis meeting, PDSCH muting was agreed on as follows.
· Muting configuration is cell-specific and signalled via higher-layer
· 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 are FFS

· 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
· Whether muting can be configured in a cell without CSI-RS is FFS

In this contribution, we present our views regarding the following remaining aspects of PDSCH muting. 
· Whether or not muted REs can be located in subframes without the CSI-RS
· Whether or not muting can be configured in a cell without the CSI-RS
2. Necessity of Muting Only Subframe Without CSI-RS
· Option 1: Muted REs cannot be located in subframes without CSI-RS
For this option, all coordinated cells must use the same duty cycles, otherwise there is a problem of non-uniform channel estimation quality among CSI-RS subframes such as the case of Cell-B in Fig. 1. For example as shown in Fig. 1, Cell-B employs a shorter duty cycle of 10 msec compared to Cells A and C, which employ duty cycles of 20 msec. Therefore, although the CSI-RS in region A does not suffer from interference from other cells, the CSI-RS in region B still suffers from interference. The channel estimation accuracy in the neighboring cells is important for CoMP UEs, and this kind of non-uniform channel estimation could be a problem.  Furthermore, although it is possible to apply channel estimation using a CRS in such a case when the CRS and CSI-RS are configured for the same antenna ports, we could not rely on this for all cases based on the following reason. The following points were agreed upon at the RAN1#62 meeting.

· Independent configuration of Rel-8 CRS and Rel. 10 CSI-RS ports
· There will be a Rel. 10 CSI feedback mode that uses only CSI-RS for channel estimation
Therefore, although it is a UE implementation issue, CSI such as the PMI and CQI must be measured for channel estimation using the CSI-RS only, since the UE can not assume that the CRS and CSI-RS experience the same channel conditions at least when the numbers of antenna ports for CRS and CSI-RS are set to differently. Please note that it is still possible to measure the interference using CRS in such cases. 
To solve the non-uniform channel quality measurement, there are two possible solutions, but these solutions also have a potential problem.
· Apply measurement restriction agreed during eICIC session [1]

However, the effective CSI-RS duty cycle may increase and patterns for this type of measurement restriction need to be defined in this scheme.

· Set the same CSI-RS duty cycle among muting cells, i.e., CSI-RS duty cycles of Cells -A and C are changed to 10 msec to align with that of Cell-B.
This means that the CSI-RS duty cycle must be changed irrespective of each deployment scenario (Cell-A or C might be indoor / pico-eNB which allow sparse CSI-RSs, which can reduce the legacy impact). From the operator perspective, it might be less flexible to align the CSI-RS duty cycle among cells only due to muting. To set the CSI-RS duty cycle, we would like to consider some other aspects such as the deployment scenario, and mobility.
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Figure 1 – 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 RE duty cycle
Muted REs can be located in subframes without CSI-RSs, and the CSI-RS duty cycle is an integer multiple of the muted RE duty cycle as shown in Fig. 2. For this option, we can achieve uniform CSI-RS quality irrespective of the CSI-RS duty cycle, and a greater degree of muting flexibility than that for Option 1. From the viewpoint of the rate matching and RE mapping, there is no difference between Option 1 and Option 2. 
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Figure 2 – 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
Scenario analysis

Generally, the cells coordinated to perform CoMP transmissions (CoMP cells) send the CSI-RS in the same duty cycles as shown in Fig. 3. In this case, there is no problem even if Option 1 is used for the muting signaling method, since the CSI-RS of each CoMP cell is transmitted only in the same subframe.
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Figure 3 – General scenario for PDSCH muting

On the other hand, we can consider the case where the CSI-RS duty cycle of each cell is different as illustrated in Fig. 4. Fig. 4(a) indicates a sparse CSI-RS transmission scenario. Assuming Cell-A is a macro cell and Cell-B is a pico, or indoor cell, these cells can transmit sparse CSI-RSs to support dense traffic and low mobility. Therefore, the CSI-RS duty cycle for a macro cell and that for a pico (indoor) cell are different. As another scenario, we also consider a dense CSI-RS transmission scenario as illustrated in Fig. 4(b). In this scenario, some cells need a dense CSI-RS to support, e.g., the cells near a train station. In Fig. 4(b), assuming UE-1 in the cell boundary between Cell-A and Cell-B with low mobility, Cell-A and Cell-B can perform CoMP transmission for UE-1. However, assuming UE-2 on the highway with high mobility, Cell-B should transmit a dense CSI-RSs to support UE-2. Therefore, the CSI-RS duty cycle between CoMP cells, i.e., muting cells, becomes different. 
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Figure 4 – Additional scenarios for PDSCH muting

3. Necessity of Muting Only Cell Without CSI-RS
Since the CSI-RS itself is configurable as agreed in the last RAN1 #62bis meeting, a muting-only cell should be possible by turning off the CSI-RS based on the current agreement. From a UE rate matching and RE mapping perspective, no additional specification would be needed. Therefore, we believe that a muting-only cell without the CSI-RS should be supported.
4. Conclusion

In this contribution, we presented our views regarding the following remaining aspects on PDSCH muting.
· We prefer Option 2 (Muting only subframe without the CSI-RS) compared to Option 1
· Option 2 can achieve uniform CSI-RS quality irrespective of the CSI-RS duty cycle.
· From the viewpoint of the rate matching and RE mapping, there is no difference between Option 1 (Muting with the CSI-RS) and Option 2.
· In the case that an 8-msec CSI-RS duty cycle is agreed upon, we believe that the relationship between a muted RE and the CSI-RS duty cycle does not need to be an integer multiple of the muted RE duty cycle.
· Muting-only cell without the CSI-RS should be supported.
· This configuration is possible by turning off the CSI-RS based on the current agreement. There would be no additional specification to support this configuration.
Reference
[1] 3GPP, R1-105116, MCC Support, “Final Report of 3GPP TSG RAN WG1 #62”
- 1/4 -

