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1. Introduction
At RAN1 #66, it was agreed to further evaluate tx-based solutions and provide details of such solutions as captured in chairman notes below:
For RAN1#66bis, proponents to provide details of tx-based solutions for evaluation 

· At RAN1#66bis, aim to agree which tx based solutions are to be evaluated. 

In this contribution, we share some observations on Tx-based solutions for CRS interference in ABS subframes. 

2. CRS interference in eICIC

In Rel-10 eICIC, restricted subframe measurements (RRM, RLM and CSI) were introduced for TDM ICIC for enhancing non-CA based HetNet operation. The cells can coordinate by sharing resources in time-domain and limiting interference to other cells by reducing their transmission activity in certain subframes (known as Almost Blank Subframes). In Rel-10, it was observed that cell range expansion gives gains at least for low to medium cell association bias values. Further range-expansion can allow more offloading to pico cells, thereby improving macro cell-edge performance. This may require the pico UEs (that are in large CRE) to receive transmissions from pico cells in subframes that correspond to ABS of the macro cell. However, such pico UEs may still experience large interference due to the CRS and other transmissions by the macro cell in the ABS. One enhancement for improving the pico UE’s data channel performance is to allow a simple way of handling CRS interference from a neighbor aggressor cell (or cells). 
More specifically, when a UE is operating in large CRE bias, some of the PDSCH REs in a subframe (that is interfered by an ABS subframe of aggressor cell) can be severely interfered by the CRS transmissions of the neighbor cell leading to corrupted LLRs that may degrade PDSCH performance. A UE can possibly handle such interference by detecting and nulling the REs (puncturing) with high interference. However, a simple transmit side enhancement that would be more efficient would be to rate-match around the PDSCH REs allocated to CRS in the neighbor aggressor cells. This is similar to the Rel-10 principle of rate-matching around CSI-RS REs (either regular or zero-power) and can be accomplished using higher-layer signaling e.g. similar to CSI-RS muting configuration and/or restricted subframe signaling. Typically UE’s aggressor cell list is semi-static and slow update of this information should be sufficient. If the update rate is found insufficient, dynamic signaling via DCI can also be investigated. Similar to Rel-10, the PDSCH rate-matching may be applied to UE-specific PDSCH transmissions only. 
Additionally, if CRE with large bias is indeed proven to be beneficial with significant performance benefits, scenarios with rank > 1 (rank 2-4 with 4Tx) and high code-rate/ modulation order (16/64QAM Rate ¾) become more important. A UE under CRE typically operates much above the noise floor and it is likely that downlink channels are limited by macro-cell CRS interference and not by receiver thermal noise. It is also likely that multi-rank transmission can be supported by pico nodes deployed in dense scattering environments (e.g., shopping malls, convention centers, etc.). Avoiding CRS interference with rate matching could be a preferred solution in these cases.

Proposal
Consider Tx-based solutions for PDSCH rate-matching around CRS of neighbor cell(s) to address CRS-to-PDSCH interference.

3. CRS issues for CoMP

Though not related to eICIC, the above Tx-based solution can also benefit some downlink CoMP schemes, especially where the cells performing joint transmission to a single UE have different CRS shift values (i.e. different cell IDs). For instance, this is applicable to CoMP Scenario 3, where individual cells could be configured with different cell IDs (or CRS shifts).

The Figure below shows CRS mapping for two cells (with different CRS shift values, i.e. different cell IDs) that perform joint transmission to a single UE. For the UE to receive the joint transmission, it has to determine the set of REs over which joint transmission of PDSCH is performed. Thus, such joint transmission would require a common set of REs for the PDSCH mapping. When the different cells participating in joint transmission to a UE have different CRS shift values, the PDSCH REs would need to exclude REs where either cell transmits CRS or other legacy signals. A coordinating cell in this case would have to fulfill its obligation for CRS transmission to UEs in its own cell and hence cannot transmit data in these REs. In this case, the UE needs to know that PDSCH rate matching is performed around these REs, which requires similar specification support as handling of CRS interference issue in eICIC case described in previous section. Thus, the Tx-based solution for PDSCH rate-matching around CRS of neighbor cell(s) can benefit prioritized CoMP scenarios as well [1].
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Figure 1: CoMP with joint transmission serving Rel-11 UEs in a DL subframe where PDSCH is rate-matched around serving cell (Cell 1) and neighbor cell (Cell 2) CRS REs.
With non-coherent CoMP, it may be possible to use different PDSCH regions for each of independent data streams sent from each cell. However, it may not be simple to implement because different streams get mapped to different set of REs, It could further cause higher interference from CRS to some REs, and may also require additional signaling.

With dynamic point selection CoMP, if a cell other than serving cell is transmitting PDSCH to the UE and the cell is still required to transmit its own CRS, similar PDSCH rate-matching configuration would be needed. Similar issue arises for dynamic point blanking, but perhaps to a lesser extent.

An alternative approach is to allow CoMP transmissions only in subframes where the neighbor cell CRS transmissions do not impact a serving cell UE’s PDSCH mapping, e.g. when the neighbor cell has configured MBSFN sub frames. However, this might require unnecessary scheduling restriction (restricting CoMP operation to certain subframe configurations only) or additional signaling to indicate when CoMP is applied. Therefore, it is proposed to also consider the Tx-based solution for PDSCH rate-matching around CRS of neighbor cell(s) as a solution that can also benefit different cell ID CoMP scenarios.
Proposal

Consider issues relevant to CoMP, while discussing PDSCH rate-matching around CRS of neighbor cell(s) as part of transmit side enhancements for FeICIC.
4. Conclusions

The following is proposed as Tx-based solution for FeICIC : 
Consider Tx-based solution for PDSCH rate-matching around CRS of neighbor cell(s) to address CRS-to-PDSCH interference for FeICIC and also as beneficial for different Cell ID CoMP scenarios. 
Consider issues relevant to CoMP, while discussing PDSCH rate-matching around CRS of neighbor cell(s) as part of transmit side enhancements for FeICIC.
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