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Discussion
1.
Introduction
This contribution focuses on the remaining issues with Transmission Mode (TM) applicable for NCT in Rel-12. In the design of previous TMs, the presence of CRS was assumed and implicitly required. In this contribution, we discuss whether reuse of a previously defined TM is possible, and design criteria for new TM.
At RAN1 #72, the following was agreed:

· A TM based on TM10 is supported on NCT

FFS until RAN1 #72bis whether TM9 is supported on NCT.

Note that due to time constraints, support of TM9 on NCT was not discussed at RAN1 #72bis and RAN1#73.

Furthermore, this contribution also discusses antenna ports Quasi Co-Location (QCL) assumptions for NCT in Rel-12. Existing antenna ports QCL assumptions also assume the presence of CRS and must therefore be revisited.

2
Discussion on Transmission Mode for NCT
Use of TM9

In Rel-11, a new transmission mode (TM10) was introduced. In essence, TM10 is a basic extension of TM9. The main new feature of TM10 is that a UE can be configured with one or multiple CSI Processes which indicates to the UE a NZP CSI-RS in combination with a CSI-IM to perform CSI feedback. The CSI-IM is used for interference measurements, thus enabling a UE to feedback for different interference hypotheses.
Using the CSI-IM as an interference measurement resource, removes some ambiguity at the network as to how a UE measures interference. In previous transmission modes (TM1-9), a UE did not have guidance on what specific REs it could use to measure interference, and it was implied that a UE could measure interference on CRS. For NCT, CRS has mostly been removed (save for a reduced density tracking reference signal). A UE could potentially reuse its interference measurement technique designed for CRS on CSI-RS. However, in some implementations, neighboring cells may use RE muting to improve the performance of channel estimation on CSI-RS. Such muting would lead to UEs underestimating interference. Also, in Rel-11 it was determined that measuring interference on CSI-RS, when RE muting is not used, is not effective due to the lower density of CSI-RS. Therefore use of a TM other than TM10 or a new TM could lead to uncertain UE behavior in measuring interference.
Observation 1: TM1-9 allows UEs to measure interference on CRS.
Proposal 1: TM9 should not be used for NCT.
Fallback operation for NCT
It has been agreed that any TM for NCT should be based on TM10. One issue that remains with a new TM for NCT is the fallback operation. In TM10, the fallback operation uses DCI format 1A. For non-MBSFN subframes, if the number of PBCH antenna ports is one, single-antenna port (i.e., port 0) is used; otherwise transmit diversity is used. For MBSFN subframes, single-antenna port (i.e., port 7) is used.

Fallback operation can have two uses:

· To allow downlink transmission to a UE at times where the transmission mode configured at the UE is ambiguous. For example, a network may have reconfigured the transmission mode, but is unsure if the UE has performed such reconfiguration.
· To allow downlink transmission when the eNB is unsure of the reliability of UE CSI feedback and/or CSI for a UE is not available.

Given that NCT will likely operate with a single transmission mode, fallback operation for the first scenario may not be necessary. The second scenario is especially valid for UEs with high mobility. Given that NCT will likely be applied to small cells rather than macro cells, this issue may also not be that important. Therefore, it is preferred not to spend standard efforts on designing new fallback scheme and just simply reuse antenna port 7 as the fallback transmission scheme as before.
Observation 2: Fallback operation may not be critical to NCT.
If it is deemed necessary, a transmit diversity scheme may be studied as fallback scheme for the NCT TM. Given that in NCT, CRS density is reduced or eliminated altogether, a transmit diversity scheme based on DM-RS would be required.  For example, non-precoded DM-RS could be used for channel estimation. Different DM-RS based transmit diversity schemes have been proposed [1-2] to achieve better diversity gain. However, performance evaluation may be needed to compare performance among different schemes to ensure a sufficient performance gain can be achieved. Furthermore, any new scheme may increase UE complexity, so it must also be determined if any use of DM-RS fallback scheme can provide gains that are favorable in light of any increase in UE complexity. We note that a similar increase in UE complexity has been accepted for EPDCCH reception. Therefore, if such a receiver can be reused, the complexity increase for DM-RS based transmit diversity may be reduced.
Observation 3: Any increase in UE complexity should be considered when studying the potential performance of DM-RS based transmit diversity.
Transmission mode for NCT
In Rel-11, a new DCI format (DCI format 2D) was introduced to support TM10. DCI format 2D completely reuses DCI format 2C with an added 2 bits for PDSCH RE Mapping and Quasi Co-Location Indicator (PQI). This indicator was included to allow dynamic switching between different CoMP transmission schemes. A new DCI format to support a new TM for NCT could reuse the DCI format 2D definition.  

It is possible that a NCT may be deployed without CoMP. In such scenarios, the extra overhead of the PQI bits may be removed to create a leaner DCI format for the new NCT TM. For example, DCI Format 2C could be reused for the new TM.  However, such a strategy could require yet another TM to support NCT and CoMP. Or, on the other hand, could require RRC signaling to add or remove PQI in the appropriate DCI format [4]. Both of these solutions create times of ambiguity when reconfiguring. In the discussion on fallback operation, we mention that a benefit of having a single TM for NCT is to remove ambiguity caused by reconfiguration. Therefore, given that the PQI overhead is small, we have a slight preference to introduce a single TM for NCT operation (applicable for operation with or without CoMP), reusing DCI Format 2D.
3
Discussion on Antenna Ports Quasi Co-Location

In Rel-11, two antenna ports Quasi Co-Location (QCL) behaviors have been specified. For PDSCH, antenna ports QCL behavior A states that a UE may assume the antenna ports 0-3, 7-22 of a serving cell are quasi co-located with respect to delay spread, Doppler spread, Doppler shift and average delay. Antenna ports QCL behavior B states that a UE may assume the antenna ports 15-22 corresponding to the CSI-RS resource configuration identified by the higher layer parameter qcl-CSI-RS-ConfigNZPId-r11 and the antenna ports 7-14 associated with the PDSCH are quasi co-located with respect to Doppler shift, Doppler spread, average delay, and delay spread. Furthermore, a UE configured with behavior B may assume that the antenna ports 0-3 associated with qcl-CRS-Info-r11 corresponding to a CSI-RS resource configuration and antenna ports 15-22 corresponding to the CSI-RS resource configuration are quasi co-located with respect to Doppler shift and Doppler spread. Similar behaviors exist for EPDCCH.
Both antenna ports QCL behaviors assume some CRS on ports 0-3. Simply replacing the CRS with the lower density tracking RS may not be adequate and may lead to performance degradation [3]. It was also proposed to use cross-carrier QCL for synchronized NCT [4]. However, this would require a different solution for non-synchronized NCT which may lead to an unwanted rise in complexity.

For NCT, it was determined that reduced CRS would not adversely affect the performance. Therefore it may not be relevant to require QCL behaviors that include CRS or any reduced version of CRS.
Observation 4: Antenna ports QCL behaviors may not need to include CRS.
If it is determined that solely using CSI-RS and DM-RS is untenable, then cross-carrier QCL may be studied, at least for applicability to RRM measurements. Also, methods to deal with non-synchronized NCT should then be studied.
4
Conclusions and Recommendations

In this contribution we discuss transmission modes and antenna ports QCL for NCT in Rel-12. We provide the following observations.
Observation 1: TM1-9 allows UEs to measure interference on CRS.
Observation 2: Fallback operation may not be critical to NCT.
Observation 3: Any increase in UE complexity should be considered when studying the potential performance of DM-RS based transmit diversity.
Observation 4: Antenna ports QCL behaviors may not need to include CRS.
Furthermore, we provide the following proposal for the reuse of transmission mode 9 for NCT:

Proposal 1: TM9 should not be used for NCT.
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