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1 Introduction
An issue that needs to be decided is which transmission mode (TM) or modes should be supported on the NCT. Since there is no CRS on the NCT, the TM that depends on CRS is obviously not supported. This was discussed already in Rel.11 and at RAN1 #69 the following was agreed:

Agreement:

· TMs 1- 8 are not supported on the NCT

· “up to 8 layer transmission scheme” is supported on the NCT

· DCI formats 1A, 2C (including any Rel-11 bit changes) are supported for PDSCH transmissions on the NCT, both on ePDCCH on the NCT and by cross-carrier scheduling from the associated legacy carrier

· If DCI format 1A is used, a single DM-RS port is used for PDSCH demodulation

· FFS which port

· Any new TM (or modifications to TM9) that may be introduced for CoMP, together with associated DCI format, will also be supported on the NCT

· ePDCCH can be transmitted on the NCT

· DCI formats 0 and 4 (including any Rel-11 bit changes) can be carried on ePDCCH on the NCT. 

Hence, it is observed that at least TM10 is supported on NCT from Rel.11 agreements. In this contribution we discuss the issue of transmission modes further and also discuss the CSI-IM on NCT. 
2 Transmission modes on NCT
A transmission mode can be characterized based on its used PDSCH demodulation reference signal for the “main” and the “fallback” scheme and CQI calculation including interference estimation. These aspects are taken into account below when analyzing the suitability for use on the NCT, where CRS (port 0-3) are not available
.  

Transmission mode 9 relies on DMRS (port 7-14) for demodulation, and for fallback on port 7 in MBSFN subframes which could be assumed fallback scheme also on an NCT. When it comes to CQI estimation, if the UE is configured without PMI/RI reporting, the UE shall use CRS for CQI calculation. With PMI/RI configured, the UE shall use CSI-RS for channel measurements which combined with an interference estimate are used to derive the CQI for feedback reporting. The interference estimation is not specified for TM1-9 but an implicit assumption was made during Rel-8 standardization that the UE can estimate interference using the CRS. So, ever since Rel-8, most practical UE implementations have used CRS for the interference estimation. Hence, to support TM9 on the NCT would require a change in the CQI estimation principle.
Transmission mode 10 relies also on DMRS for demodulation in both the main and the fallback scheme, and is therefore supported on the NCT from a demodulation perspective. The channel measurements are using CSI-RS and also the interference measurements are specified, using the CSI-IM resource. Hence, there is no dependence on CRS for CQI estimation in TM10, which makes it suitable for NCT.  

When it comes to quasi co-location, the CRS is involved in QCL for both behaviour A and B for TM10 and needs to be replaced by another reference signal. We are considering using the extended synchronization signal (ESS) for this purpose and in [1] we discuss QCL on NCT issues in more detail. 
To conclude this part, we propose the following:


Proposal: Transmission mode 9 is not supported on NCT.

Note that TM10 is already supported based on the agreement at RAN1#69 that the TM associated with CoMP should be supported. 
It has been agreed at RAN1#69 that the uplink DCI format 0 and 4 are supported from EPDCCH on the NCT. In addition, DCI format 1A and 2D is also agreed to be supported since it is associated with TM10. There is no need to support DCI format 2C if TM9 is not agreed for NCT. Hence, we can summarize 

Observation: At least DCI formats 0, 4, 1A and 2D are already agreed to be supported on the NCT. 

If standalone operation is supported for NCT, then additional DCI formats need to be discussed. 

The Rel.11 agreement says that single antenna port transmission scheme is used as the fallback scheme (DCI 1A). We suggest the use of port 7. It may be worthwhile to investigate further if the single antenna port transmission scheme could be replaced to have a more robust fallback for TM10 when operating on the NCT. The inclusion of a new scheme depends on if there are demonstrated benefits but naturally also if there is time and priority for this in RAN1.    

Proposal: The baseline transmission scheme for DCI format 1A in TM10 is Single-antenna port 7. If 
prioritized, investigate an alternative scheme for NCT with better performance.
3 CSI-IM definition for TM10 on NCT

In TM10, the zero-power CSI-RS resources are used as CSI-IM for interference measurements. This restriction was introduced for backward compatible reasons so that both Rel.10 and Rel.11 UEs could align their ZP-CSI-RS for proper TM10 CSI feedback. A drawback of using CSI-RS is that the number of available patterns is rather small so that CSI-RS planning in the network is necessary. This planning could be cumbersome for e.g. TM10 use in higher density small cell deployments. 

If only TM10 is supported on NCT, then the restriction to use the Rel.10 CSI-RS patterns is no longer necessary, especially not as CSI-IM as there are no backward compatibility issues. Hence, new zero power CSI-RS patterns can be defined for use on the NCT where the interference on the NCT ZP-CSI-RS should better reflect the interference statistics of the data channel as a whole. Therefore, the distribution of ZP-CSI-RS over the data channel should be as uniform as possible and it should also be pseudo-random in the sense that it should change over time and/or frequency to avoid significant long-term overlap with NCT ZP-CSI-RS of neighbouring cells. By this pseudo-random hopping of zero power CSI-IM resources, ZP-CSI-RS planning is not needed for the new carrier type. It may be worthwhile also to investigate new patterns also for NZP-CSI-RS, particularly since there is no CRS present to take into account in the mapping, and thus a larger set of patterns can be designed with larger reuse factor and less need for planning. 

Proposal: Consider the introduction of new pseudo-randomly varying zero power RE patterns for the TM10 CSI-IM on NCT. 
4 Conclusions

On NCT, transmission mode 10 was agreed to be supported in Rel.11 discussions and based on the discussions in this contribution, we can summarize with the following proposals:

Proposal 1: Transmission mode 9 is not supported on NCT.


Proposal 2: The baseline transmission scheme for DCI format 1A in TM10 is Single-antenna port 7. 

      If prioritized, investigate an alternative scheme for NCT with better performance.


Proposal 3: Consider the introduction of new pseudo-randomly varying zero power RE patterns for 

      the TM10 CSI-IM on NCT.
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� The ESS which uses Port 0 is not available for demodulation according to Rel.11 agreements. 
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