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1. Introduction
CSI-RS design is an important aspect of the system in which effects not only transmission schemes of current standardized release (i.e. Release 10) but transmission schemes for the next releases (e.g. Release 11,12,etc). Thus it is important to consider measurement enhancements for the serving cell and intercell measurement to future-proof the LTE Advanced system for potential multi-antenna transmission techniques such as CoMP. In this contribution, we discuss RE muting design and consideration aspects.

2. RE muting specification support impact consideration
Observations of numerous contributions from various companies show that in case arbitrary set of REs being transmitted at eNB is either muted or replaced by non-expected signal significantly affects UE receiver performance. The actual number of REs either muted or replaced by non-expected signal does affect level of performance degradation, but the disastrous performance impact is caused even with few (e.g. 4~6) REs per RB either muted or replaced by non-expected signal.
This means that in case RE muting is supported but not indicated to UEs results in significant performance loss. This also means that support of RE muting must be considered in Release 10 time frame. Else the introduction of RE muting in later releases will cause severe performance degradation, leading to far more issues rather than benefits.
Simulation results and observations from various contributions from various companies [2]~[8] are very well in line with each other. All contributions show that there are definitive CSI measurement enhancements with RE muting. Considering evolution of the single cell MIMO and cooperative multi-cell MIMO techniques and expected maturity of potential MIMO enhancements is seems that CSI measurement enhancements are extremely critical. This is because even with potential enhanced CSI feedback techniques if there is a measurement accuracy bottleneck, then it is very probable that the potential enhanced CSI feedback techniques will not be very effective.
In order to support RE muting in release 10 following aspects needs agreement;

· RE muting pattern

· PDSCH rate-matching for muted RE

· Number of RE muting sets to be supported

· RE power stealing from muted REs

· Parameters which needs to be signaled by higher layers

· Enablement/Disablement of RE muting

· RE muting duty cyclic

· RE muting pattern

· etc
Whether or not RE muting should be rate-matched around for PDSCH should also be straight forward. We have already agreed to rate-match around RE used for CSI-RS due to performance reasons, and RE muting is essentially no different from CSI-RS, so muted RE should be also rate-matched around them. In the following sections we discuss more about rest of the issues regarding RE muting.
3. RE muting patterns and supported muted RE sets
In the last meeting RAN1 agreed on CSI-RS transmission patterns for Normal and Extended CP, which are shown in Figure 1, 2, and 3.
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Figure 1. CSI-RS pattern for FS1/2 in Normal CP
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Figure 2. CSI-RS pattern for FS1/2 in Extended CP
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Figure 3. Additional CSI-RS pattern for Normal/Extended in FS2
The most useful usage case for RE muting is to increase channel measurement for serving and also non-serving cells. This means that allowing RE muting being identical to CSI-RS RE patterns is to most attractive design, which allows fully orthogonal CSI-RS measurement for interested coordinated cells.
There is a strong relationship between the number of configured muted RE sets and system performance. Increase in coordinated muted RE sets between multiple cells will increase CSI measurement accuracy, but at the same time eat up legacy UE PDSCH performance as well as Release 10 UEs PDSCH performance, just because more muted RE mean less RE for data. This tradeoff essentially depends on how the system is operated and number of coordinated cell, and how the cells are coordinated. Since it is impractical to guess what would be the future of LTE multi-cell coordination would turn out to be, we propose to not to limit number of muted RE sets which could be configured. For the 8 Tx antenna configured cells, there could be up to 4 muted RE sets, for 4 Tx antenna configured cells, there could be up to 9 muted RE sets, and so forth. Note that tx antenna configuration for the muted REs do not necessary need to be same as the serving cell antenna configuration. Additionally it is also critically important to allow eNB to configure whether or not it deploys RE muting in the system, since systems which are not OFDM symbol level time synchronized do not benefit from RE muting and should be allowed to not support this feature at all.
Additionally, it is also important to keep a consistent UE behavior in case RE muting is supported in Release 10, but measurement for non-serving cells are introduced in later Releases. In order for coordinated CSI-RS transmission to work effectively, UEs with the muted RE knowledge should not use RE muting for interference measurement purposes. This is because if Release 10 UEs are implemented so that it takes interference measurements from muted RE, then it may be difficult to transmit CSI-RS for other potential group of transmission points without causing artifacts in interference measurements. In order to insure to all LTE Release 10 UE do not misuse muted REs for other purposes and allow full coordination between group of CSI-RSs, we propose to inform to UEs effective RE muting and specify multiple group of CSI-RS configuration from a single cell.
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 (b) Effective RE muting

by informing extra non-existent CSI-RS
Figure 4. Conceptual difference in how RE muting is seen to UE
Figure 4 shows a conceptual diagram of actual RE muting and effective RE muting. From the eNB perspective both operations are identical, but to UEs effective RE muting informs the UE that those particular set of REs are basically not usable for data due to transmission of other signals which the Release 10 UEs just do not understand. Actual RE muting informs the UEs that those particular REs are empty from the serving cell perspective, which may mean that UEs can use this information to implement various features (e.g. interference measurement and so forth).

Effective RE muting can be support by signaling additional group of CSI-RS RE positions. The additional group of CSI-RS RE positions shall be muted from serving cell effectively standardizing RE muting. At the same time the additional group of CSI-RS does not need to be actually transmitted from the serving cell, which allows full coordination of CSI-RS between cells if needed. This also forbids wrongful interference measurement implementation at the UE side, by strongly tiding RE muting and CSI-RS transmission from other groups of cooperating transmission points. In release 10, the UEs do not need to feedback CSI from configured additional CSI-RS groups. The serving cell only needs to inform the UEs one set of CSI-RS in which the CSI feedback measurements are being processed.
4. Power stealing from muted REs
We can additionally increase measurement accuracy of CSI-RS by power boosting CSI-RS REs with the power stolen from muted REs. For the 8 Tx case this power barrowing and power boosting may not be possible due to eNB transmit RE power difference limitations. Power stealing might not be possible in case muted REs and CSI-RS are not located in the same OFDM symbols, which is another limitation of power stealing/boosting. In general further discussions and study is needed for this feature.
5. RE muting signaling aspects
The relationship between CSI-RS transmission subframes for the serving cell and inter-cell CSI-RS RE muted subframes is important for UEs. This is because non-usable REs (whether the REs are muted or transmitting CSI-RS) effects performance of Data transmission in the same subframe. More subframes with non-usage REs, which the UE is not aware of, affects total achievable throughput for legacy release 8 UEs. Related simulation results show that it is beneficial to keep the RE muting subframes and serving cell CSI-RS transmission subframe to be the same. RE muting in the same subframe as the serving cell CSI-RS transmission subframe also allows the UE to jointly estimate the channel for other cells along with the serving cell which may be beneficial for certain CoMP transmission schemes. Thus it seems critical to design RE muting so that it is able to co-inside with serving cell CSI-RS transmission in the same subframe. This does not mean that muted RE subframes should always be in the same subframe as serving cell CSI-RS transmission subframes.
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Figure 5. RE muting in different time periodicity
From the interference measurement point of view coordinated RE muting from other coordinating cells can result in erroneous interference measurements (assuming UE is doing interference measurements from serving cell CSI-RS REs). This is because muted REs from other coordinating cells do not reflect the data transmission load of that particular cell in the REs in which the serving cell is transmitting CSI-RS. In order to mitigate this problem we propose to allow subframe-level partial RE muting in which RE muting duty cycle could be longer than serving cell CSI-RS duty cycle so that a UE may measure the inter-cell interference from the CSI-RS in the subframe not containing muted RE. Note that the inter-cell interference should be measured from the CSI-RS in the subframe without muted RE to avoid well-known pessimistic CQI. Therefore, it should be possible to configure RE muting duty cycle separately from serving cell CSI-RS although RE muting configuration is restricted to the subframe containing CSI-RS. By separating RE muting duty cycle from the serving cell CSI-RS duty cycle, the coordinating cell only need to have synchronized RE muting cycle and the CSI-RS duty cycles of coordinating cells could be set differently according to their system scenarios and channel environments.
In case of multi-cell coordination the number of antenna port each cell has might be different from the serving cell. In order to support heterogeneous antenna port configurations in multi-cell coordination, RE muting set size should be allowed to be independently configured with respect to number of antenna ports for the serving cell. Here the RE muting set size is essentially the equivalent to number antenna ports (REs) for a CSI-RS pattern.
All of these parameter configurations for RE muting can be supported by simple duplication of how CSI-RS would be configured for the serving cell. The eNB simply broadcast multiple CSI-RS configurations, in which the first configuration is the actual CSI-RS configurations and the rest are configurations for effective RE muting.

6. Conclusion

We believe that RE muting is important to insure LTE future release get the best possible CSI measurement performance to support potential MIMO techniques. The simulation results from various companies show that RE muting is beneficial, thus we strongly propose to support RE muting in Release 10.
We further propose following regarding aspects;
· RE muting pattern
· same as CSI-RS pattern
· RE muting signaled by configuration of extra CSI-RS antenna port sets

· RE muting informed to UE as effective RE muting

· PDSCH rate-matching for muted RE
· PDSCH data is rate-matched around muted REs
· Number of RE muting sets to be supported

· Do not limit number of RE muting set configurations
· Only limit for RE muting will be RE muting shall be done only on the possible CSI-RS RE positions
· RE power stealing from muted REs
· FFS
· Parameters which needs to be signaled by higher layers
· In general each RE muting set is configured similarly to how CSI-RS is indicated
· RE muting set size (equivalent to number of antenna ports in CSI-RS pattern) is configured independent of number of antenna ports for CSI-RS
· RE muting duty cycle is configured independent of duty cycle of CSI-RS transmission
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