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1. Introduction

At the RAN1#62 meeting, the impacts on the specifications for supporting PDSCH muting [1]-[12] and one way forward [13] were discussed. However, no agreement was reached since a concrete proposal was not presented. Furthermore, baseline parameters for the CSI-RS were agreed upon based on the way forward [14]. 
In this contribution, we first categorize the signaling method to support PDSCH muting based on the CSI-RS signaling and present our views regarding PDSCH muting. 
2. Alternatives for Muting Schemes and Number of Signaling Bits
2.1. Alternatives for Muting Schemes

Based on the contributions at the RAN1#62 meeting, the proposals for PDSCH muting can be categorized into the following alternatives mainly based on whether or not partial muting is supported, i.e., the muting duty cycle. 

· Explicit signaling: Duty cycle of muting can be configured such that it allows partial muting
· Alt. 1 Explicit independent duty cycle signaling: The independent duty cycle of each neighboring cell for muting is signaled, i.e., multiple duty cycles
· Alt. 2 Explicit common duty cycle signaling: A common duty cycle among neighboring cells for muting is signaled, i.e., one duty cycle
· Implicit signaling: Duty cycle of muting is the same as that for the serving cell
· Alt. 3 Implicit duty cycle signaling
We describe these alternatives and summarize the required muting signaling bits hereafter. In the subsequent discussion, N denotes the number of muting cells.
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Figure 1 – Notation for number of muting cells
· Alt. 1: Explicit independent duty cycle signaling

In the explicit duty cycle signaling, it is possible to apply PDSCH muting with a different duty cycle than that for the CSI-RS of the serving cell. This may be beneficial when the neighboring cells (to which muting is applied) use the CSI-RS with different duty cycles. In this alternative, the independent duty cycle of each neighboring cell for PDSCH muting is signaled, i.e., multiple duty cycles are signaled to each UE, as shown in Fig. 2. As an example, three muting cells are assumed in Fig. 2, and the CSI-RS duty cycles of Cell-A and Cell-C are assumed to be 10 msec, which is longer than that of Cell-B, which is assumed to be 5 msec. In order to achieve uniform CSI estimation quality in all CSI-RS subframes for each cell, PDSCH muting is only required in the subframes where the neighboring cell transmits the CSI-RS. Therefore, the minimum overhead of the muted REs can be achieved in this alternative as shown in Fig. 2.
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Figure 2 – Explicit independent duty cycle signaling
The following signals are required for muting signaling for each non-serving cell, i.e., (N-1) cells.
· Number of antenna ports: 2 bits
· CSI-RS configuration: 3/4/5 bits for 2/4/8 CSI-RS ports, respectively
· Subframe offset and duty cycles: 8 bits
We can reuse the CSI-RS signaling in this alternative as discussed in [15], since the independent muting duty cycle is the same as the CSI-RS duty cycle of each neighboring cell. This means that there is no need to standardize the muting signaling. Additional merit is that for the CoMP UEs (if specified in a later release) only need to receive at least the additional information of power setting assumption, .
· Alt. 2: Explicit common duty cycle signaling

In this alternative, the common duty cycle for PDSCH muting is signaled, i.e., a single duty cycle is signaled to each UE, as shown in Fig. 3. When the common duty cycle is signaled, some PDSCH REs are unnecessarily muted in order to achieve uniform CSI estimation quality in all CSI-RS subframes for each cell, i.e., the muting overhead is increased more than that for Alt. 1. 
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Figure 3 – Explicit common duty cycle signaling

The following signals are required for muting signaling.
· Common subframe offset and duty cycle: 8 bits
· Muting pattern, e.g., bitmap based pattern shown in [6]:  10/16 bits by always reusing 4 transmission antenna patterns, for frame structure FS-1 and FS-2.
· Alt. 3: Implicit duty cycle signaling

In the implicit duty cycle signaling, the UE assumes the same duty cycle and subframe offset as those for the CSI-RS of the serving cell, i.e., no muting duty cycle nor subframe offset is signaled. In this alternative, 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. 4. For example as shown in Fig. 4, Cell-B employs a shorter duty cycle such as 5 msec compared to Cells A and C, which employ duty cycles such as 10 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 CRS in such a case when CRS and CSI-RS are configured in 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 PMI and CQI must be measured using the CSI-RS, 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. 
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Figure 4 – Implicit duty cycle signaling

Finally, in this alternative, the following signals are required for muting signaling.

· Muting pattern, e.g., bitmap based pattern shown in [6]:  10/16 bits by always reusing 4 transmission antenna patterns, for frame structures FS-1 and FS-2
2.2. Number of Signaling Bits
Table I summarizes the required signaling bits for each alternative and Fig. 5 shows the number of required muting signaling bits. 
Table I – Required muting signaling bits of each alternative
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Figure 5 – Number of required muting signaling bits
2.3. Rate Matching for Muting

Rate matching should be applied around muted REs to mitigate the throughput degradation when a wide transmission bandwidth is used [16]. 

3. Discussion of Partial Muting
3.1. Possible Scenario to Support Partial Muting
· Overhead Reduction
Although support for partial muting was proposed to reduce the overhead of PDSCH muting [11], the benefit from overhead reduction in the time and frequency domains is unclear since the CSI-RS insertion is assumed to be sparse. 
· Partial Power Boosting for CSI-RS (Necessity of Multiple ) 
It is already possible in the current agreement to reuse the power of muted PDSCH for CSI-RSs, by using the “single” power offset value, , which is transparent to UE. In addition, there is no need for a further power boosting mechanism by introducing “multiples“of , [3, 11], by supporting partial muting. 
· Support of Cells with Different Duty Cycles

Generally, the cells coordinated to perform CoMP transmissions (CoMP cells) send the CSI-RS in the same duty cycles as shown in Fig. 6. In this case, there is no problem even if Alt. 3 is used for the muting signaling method, since the CSI-RS of each CoMP cell is only transmitted in the same subframes.
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Figure 6 – 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. 7. Fig. 7(a) indicates the dense CSI-RS transmission scenario. In this scenario, some cells need the dense CSI-RS to support, e.g., the cells near highways. In Fig. 7(a), 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-RS to support UE-2. Therefore, the CSI-RS duty cycle between CoMP cells, i.e., muting cells, becomes different. As an other scenario, we also consider a sparse CSI-RS transmission scenario as illustrated in Fig. 7(b). Assuming Cell-A as a macro cell and Cell-B as a pico cell, i.e., such as HetNet, a pico cell can transmit a sparse CSI-RS to support dense traffic and low mobility. Therefore, the CSI-RS duty cycle between a macro cell and a picocell becomes different.
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Figure 7 – Additional scenarios for PDSCH muting

3.2. Proposal
As discussed, we do not see the merit of partial muting in terms of overhead reduction and partial power boosting for CSI-RS. We propose the following.
Proposal 1: If configured, the muting is applied to all PRBs within a subframe.
Proposal 2: Single  is supported, i.e., UE may always assume a constant CSI-RS power offset value, , to derive the CSI feedback.
Regarding the duty cycle, as discussed in Section 2, the signaling increase to support Alt.2 compared with Alt.3 is not significant considering it is the RRC signaling. There is no additional standardization effort by reusing the same signaling bit of the subframe offset and duty cycle for CSI-RS.  Furthermore, there is no significant impact on the UE implementation since the rate matching pattern does not increase. Therefore, we propose the following.
Proposal 3: Partial muting is supported, i.e., “one” common duty cycle is signaled by reusing the CSI-RS signaling.
4. Concrete Proposal for PDSCH Muting

Based on the discussion in Section 3, a concrete proposal for PDSCH muting is discussed. Although there are several methods to signal the muting pattern as discussed in [6], we prefer the muting pattern with a 4 CSI-RS port pattern regardless of the actual number of CSI-RS ports as shown in Fig. 8 to achieve flexible assignment and implementation. 
· Explicit common subframe offset and duty cycle (Reusing CSI-RS signaling)

· Muting patterns

· Defining the muting pattern with 4 CSI-RS ports regardless of the actual number of CSI-RS ports
· 10/16-bit bitmap based signaling for the muting pattern for FS-1/2 (Or common 16-bit)

· Each bit indicates an index of 4 ports CSI-RS

· Muting “off” is configured implicitly by setting all bits to 0, i.e., “0000…0000” 
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Figure 8 – Muting pattern
· Rate matching should be applied around muted REs
5. Conclusion

In this contribution, we categorized the signaling method to support PDSCH muting based on the CSI-RS signaling and presented our views regarding PDSCH muting.

· If configured, muting is applied to all PRBs within a subframe.
· No additional  is supported for muting, i.e., UE may always assume a constant CSI-RS power offset value, , to derive the CSI feedback.
· Partial muting is supported, i.e., “one” common duty cycle is signaled by reusing the CSI-RS signaling.
· Rate matching is applied around muted REs.
Finally, the following are explicitly signaled for PDSCH muting

· A single value for subframe offset and duty cycle is used by reusing CSI-RS signaling
· Muting patterns

· Defining the muting pattern as 4 CSI-RS ports regardless of the actual number of CSI-RS ports
· 10/16-bit bitmap based signaling for the muting pattern for FS-1/2 (Or common 16-bit)
· Each bit indicates an index of 4 ports CSI-RS

· Muting “off” is configured implicitly by setting all bits to 0, i.e., “0000…0000” 
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