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1 Introduction

At the last meeting, it was agreed to support CSI-RS muting on the R-PDCCH. For the interleaving case, however, the REG definition always assumes 8antennas for the muted REs:

· REG definition

· Made up of 4 consecutively available REs (excluding RS) in one OFDM symbol in a PRB, counted in ascending order of subcarrier 

· In case a single CRS is configured, CRS shall be assumed to be present on antenna ports 0 and 1 for the purpose of mapping a symbol-quadruplet to a resource-element group

· Quadruplets of complex-valued symbols are not mapped onto the resource elements occupied by 

· CRS 

· CSI-RS, by always assuming 8Tx

· If CSI-RS muting is configured, REs for muted CSI-RS shall be discounted (assuming 8 tx)
· UE specific-RS (Rel-8 onwards) are not mapped onto PRB pairs used for the transmission of interleaved R-PDCCHs

· Time-first REG mapping (as in Rel-8 PDCCH)
This restriction seems unnecessary, as explained below, and leads to significant performance degradation. Here, we propose to remove the unnecessary restriction of always assuming 8 tx to both improve performance and muting flexibility assumption. This also keeps interleaved and non interleaved modes more aligned.

2 Discussion
2.1 Problem of Assuming 8tx Antennas for Muting
For CSI-RS, the overhead is low, since the sequence is not transmitted on every subframe. However, when eight CSI-RS ports are always assumed, as stated by the agreement of last meeting, the overhead can be significant, as shown in Fig.1. If two 4-port CSI-RS not belonging to one 8-port CSI-RS are muted, always assuming 8 CSI-RS ports will cause 50% REs wasted, thus resulting in high overhead. For example just considering symbol 2 in the 2nd slot (numerate within slot): When index (9, 2) (3, 2) and (11, 2) (5, 2) are muted, always assuming 8 Tx results in the muted REs: index (9, 2) (3, 2) (8, 2) (2, 2) and (11, 2) (5, 2) (10, 2) (4, 2). In the next section, such resources wasting avoidance is discussed with existing signalling.
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Figure 1 CSI-RS pattern for the normal CP case
2.2 Muting for CSI-RS
At RAN1#62bis, the following was agreed:

· Muting configuration is cell-specific and signalled via higher-layer

· PDSCH muting is performed over a bandwidth that follows the same rule as the CSI-RS
· A UE may assume downlink CSI-RS EPRE is constant across the downlink system bandwidth and constant across all subframes until different CSI-RS information is received

· The intra-subframe location of muted resource elements is indicated by a 16-bit bitmap

· Each bit corresponds to a 4-port CSI-RS configuration
· All REs used in a 4-port CSI-RS configuration set to 1 are muted (zero power assumed at UE), except for the CSI-RS REs if they belong to this CSI-RS configuration

· This signaling is common for FDD and TDD CSI-RS configurations
· When muting of PDSCH REs is configured

· A Rel-10 UE shall assume PDSCH rate matching around the muted REs (after UE capability, i.e. its release, is known by the eNB) for all unicast PDSCH transmissions in any transmission mode

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

The most important points of this agreement are that: CSI-RS configuration and muting is done by higher layers that they can be time offsets for muting, and that the muting is done with a 2-RE granularity per symbol. Practically speaking, it means that:

· The RN already knows the configuration for muting. 

· Given that the muting granularity is 2REs, and than 1 REG is 4 REs, the existing signalling mechanism can well support the REG definition process, as agreed at RAN1#63: one bit from the CSI-RS muting message will mute 2 REs, two bits from the CSI-RS muting message corresponding to exactly one REG size.

As a consequence, it seems that the 8 tx assumption does not simplify the system and has no performance advantage. Thus, we propose to remove it. 
3 Conclusion
It is proposed to remove the 8tx antenna assumption, and modify last meeting’s agreement as follows:
· REG definition

· Made up of 4 consecutively available REs (excluding RS) in one OFDM symbol in a PRB, counted in ascending order of subcarrier 

· In case a single CRS is configured, CRS shall be assumed to be present on antenna ports 0 and 1 for the purpose of mapping a symbol-quadruplet to a resource-element group

· Quadruplets of complex-valued symbols are not mapped onto the resource elements occupied by 

· CRS 

· CSI-RS, by always assuming 8Tx

· If CSI-RS muting is configured, REs for muted CSI-RS shall be discounted (assuming 8 tx multiple of two 4-port CSI-RS are always assumed)
· UE specific-RS (Rel-8 onwards) are not mapped onto PRB pairs used for the transmission of interleaved R-PDCCHs

· Time-first REG mapping (as in Rel-8 PDCCH)
