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1 Introduction
In RAN1#60, the following were agreed with respect to PDSCH RE muting for inter-cell CSI-RS [1]:
· Study RE muting, i.e., no collision between CSI-RS and data, for multi-cell CSI measurement

- Consider the impact of muting on UE interference measurement

- Consider the impact on Rel-8 UE

- Power reallocation of muted REs is FFS

In addition, during RAN1#61bis, each company was encouraged to study further if PDSCH muting can be supported in Rel-10. And if yes, how to support muting should be proposed considering the specification impacts. This contribution summarizes some of the open issues on PDSCH RE muting.
2 PDSCH RE Muting for LTE-A
Over the last few meeting cycles, a number of companies submitted evaluation results pertaining to PDSCH muting. Some of the submitted results were concentrated on the negative legacy UE impact [2]~[4] while some were concentrated on the positive performance enhancement of LTE-A UEs especially when CoMP is used [5]~[7]. The summary of the evaluation results were the following:

· The performance impact on legacy Release 8, 9 UEs can be maintained to a reasonable level if PDCSH RE muting is applied on the same subframe that CSI-RS transmission is made.
· There is potential benefit from PDSCH RE muting in terms of better MSE performance on CSI-RS channel measurement and overall CoMP performance.
Given the following observations, it seems that the pros of having PDSCH RE muting outweigh the cons. As such, we propose that PDSCH RE muting be included as part of LTE-A for enhancing the accuracy of CSI-RS measurement. 
Following subsections discuss some remaining issues that need resolution before the adoption of PDSCH RE muting.

2.1 PDSCH RE Muting Indication
One of the basic information an LTE-A UE requires for muting is the location of the muted off REs. The location of the muted off REs can be in conveyed to the UE through information on which subframe muting is occurring and which RE pairs are muted off within the subframe. More specifically, the following parameters need to be conveyed to the UE to indicate which subframes muting is applied to:

· Periodicity of PDSCH RE muting
· PDSCH RE muting subframe offset
One of the issues that are being discussed within RAN1 is whether to allow muting on all subframes or subframes with CSI-RS only. Allowing PDSCH RE muting only on subframes with CSI-RS transmissions would mean that muting can only be applied for neighboring eNBs which make CSI-RS transmission on the same subframe. The benefit of keeping muting and CSI-RS transmission on the same subframe is the minimizing of the potential performance impact to legacy UE and a smaller control overhead for PDSCH RE muting indication. For example, if PDCSH RE muting is applied only to subframes with CSI-RS transmission the control information on the periodicity and subframe offset can be combined with those of the CSI-RS transmission. Given the current CSI-RS pattern reuse factor of at least 3, even for 8 antenna ports, it seems that restricting the PDSCH RE muting to subframes with CSI-RS transmission is reasonable way forward.

During RAN1#61bis, the CSI-RS patterns were finalized for both TDD and FDD. For FDD, a single set of patterns are to be used while for the TDD, two sets of patterns are available. The following parameters need to be conveyed to the UE to indicate which RE pairs are muted off within a subframe:
· CSI-RS pattern type (required for TDD only)

· RE pair indices to mute off

For the CSI-RS pattern that is supported in both FDD and TDD, it would mean that eNB has to indicate which of the 20 RE pairs are being muted off. While the necessary information can be conveyed by RRC signalling, the overhead is not insignificant. One approach to limit such overhead is to apply PDCSH in units of CSI-RS reuse patterns supporting 4 antenna ports. Since there are 10 such reuse patterns for the CSI-RS pattern supported in both FDD and TDD, it would mean a maximum overhead of 10 bits. We believe that such an approach provides sufficient granularity in PDSCH RE muting indication while keeping the signalling overhead reasonable. In addition, setting an upper limit on the number of muted off PDSCH REs can also help to reduce this overhead. As noted in [8], the overhead of muting could outweigh the benefits of muting if too many REs are muted off.
Proposal: Adopt PDSCH RE muting in granularity of CSI-RS reuse patterns supporting 4 antenna ports (2 RE pairs). Consider limiting the number of PDSCH REs that can be muted off.
2.2 Power Reallocation of Muted Off REs

When PDSCH REs are muted off, transmission power for muted off REs is wasted, if it is not redistributed onto other RE position. Theoretically, the transmission power of the muted off REs can be reallocated to one of the following:

· PDSCH RE which have not been muted off

· DM-RS

· CSI-RS

Reallocation to the PDSCH is not attractive since it would add another PDSCH transmission power level to the currently existing levels and might increase the complexity at the UE. In addition, the overall performance benefit from such an approach is expected to be very small. Reallocation to the DM-RS is also not attractive since DM-RS can change in density and existence depending on eNB scheduling. The natural alternative for the reallocation of transmission power of the muted off REs is CSI-RS. Since CSI-RS is always transmitted periodically, the transmission power of the muted off REs can be used to increase the transmission power on the CSI-RS by a constant offset. Note that in order for the muted off PDSCH REs’ transmission power to be reallocated to the CSI-RS, both muting and CSI-RS transmission have to occur in the same pair of OFDM symbols.
The power reallocation of muted off PDSCH REs can be efficiently supported in LTE-A by defining 2 parameters. One of the parameters would be the ratio of CSI-RS EPRE and CRS EPRE when muted off RE’s transmission power is not reallocated onto CSI-RS. The other parameter would be the ratio of EPRE of CSI-RS and EPRE of CRS when muted off RE’s transmission power is not reallocated onto CSI-RS. These values will be conveyed to the UE so that it can generate channel feedback information taking into account the different CSI-RS transmission power into account. By having these two parameters, UE can accurately generate channel feedback information even when the periodicity of PDSCH RE muting is larger than that of the CSI-RS transmission.
Proposal: Create 2 parameters defining the ERPE ratio of CSI-RS and CRS with and without the reallocation of muted off PDSCH REs’ transmission power onto CSI-RS.
2.3 Antenna Port 2, 3, 5 Collision
Due to the set of CSI-RS patterns for TDD only [9], a potential collision may occur between muting and antenna port 2 and 3 REs. In addition, for the set of CSI-RS patterns for both FDD and TDD, the muting RE position may collide with the antenna port 5 RE position. Although the term ‘PDSCH RE muting’ implicitly implies that muting is applicable only on PDSCH, we believe it would be beneficial to reconfirm such an approach. We believe that for both cases, the REs carrying antenna port 2, 3, and 5 transmissions should have priority over the muting.

Proposal: Prioritize REs carrying antenna port 2, 3, and 5 over muting.
2.4 Partial Muting
One of the negative aspects of PDSCH RE muting is that it requires an overhead on the PDSCH. The overhead is a serious problem especially when PDSCH RE muting has to be applied for a large number of neighboring cells which are transmitting CSI-RS with relatively small periodicity. Such overhead can be controlled by applying PDSCH RE muting for a subset of CSI-RS transmissions from neighbouring cells as discussed in [8]. Following are the possible alternatives:

· Partial muting in frequency domain

· PDSCH RE muting for a neighboring cell is not applied in every PRB in frequency domain.

· A variation could be to apply PDSCH RE muting for N1 neighboring cells in even PRB pairs and apply PDSCH RE muting for N2 neighboring cells in odd PRB pairs.

· Partial muting in time domain

· PDSCH RE muting for a neighboring cell is applied with larger periodicity compared to the CSI-RS transmission from the neighboring eNB.
· A variation could be to apply PDSCH RE muting for N1 neighboring cells in subframe i and apply PDSCH RE muting for N2 neighboring cells in another subframe j.

Proposal: Consider partial muting as a method to control the overhead of PDSCH RE muting.
3 Summary
This contribution describes some open issues on PDSCH RE muting that require resolution before it is adopted as a part of LTE-A. In the contribution, we discussed the following issues:

· How PDSCH RE muting should be configured and signalled to the UE

· The power reallocation of muted off REs onto CSI-RS
· Priority of antenna ports 2, 3, 5 over muting

· Partial muting for controlling the overhead of PDSCH RE muting
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