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1 Introduction
At WG1#72 there were some discussion on the supported transmission mode on the NCT and related issues such as interference measurements and fallback/open loop transmission schemes. The following was agreed
Agreement:
· A TM based on TM10 is supported on NCT

FFS until RAN1#72bis whether TM9 is supported on NCT
In this contribution we discuss these issues further. 
2 Transmission mode on NCT
A transmission mode based on TM10 is supported on NCT and we will denote it TM1 (on NCT) in the following. There are some details of TM10 on a legacy carrier that prohibits direct application to operation on the NCT. One issue is the quasi-co location assumptions, which use a configured CRS resource for Doppler shift and Doppler spread estimation. Since CRS is not present on the NCT, some modification is needed for TM1 on NCT. However, the QCL for NCT will be discussed after RAN1 has received the LS response from RAN4.  
Another issue that needs to be changed for TM1 on NCT is the use of DCI format 1A.  The transmission scheme used for this DCI format in TM10 depends on several pre-conditions that are related to CRS.  For instance, there is a distinction between MBSFN subframes and non-MBSFN subframes on a legacy carrier type. It is clear that the legacy carrier concept of an MBSFN subframe (which is related to presence and absence of CRS) does not need to be defined on the NCT to support MBMS services. Hence, which transmission scheme to use for DCI format 1A on NCT needs to be decided and one possibility is to use the transmit diversity scheme discussed in Section 4 below.
Furthermore, since there is not legacy PDCCH on the NCT, it should be possible to start the PDSCH and EPDCCH from symbol 0 in the subframe, hence the reserved value in PDSCH to RE mapping start symbol indicted through DCI format 2D should be changed to “0” in TM1 on NCT.

Regarding the discussion on support for TM9, it is obvious that it cannot directly apply to an NCT since it relies on CRS also for CSI feedback and QCL on top of the issues with DCI format 1A discussed above. Furthermore, it is not possible to utilize the first OFDM symbol in the subframe for PDSCH and EPDCCH in TM9, which leads to resource wastage. Moreover, as TM9 have an undefined interference estimation procedure, the performance is worse than for TM10 and for these reasons we don’t see any additional benefit of supporting TM9 on top of TM10 on NCT.
Proposal: A TM based on TM9 is not supported on NCT
3 CSI reporting on NCT
On both NCT and the legacy carrier, CSI-RS resources can be configured for channel and interference measurements. When operating on more complex scenarios such as CoMP and heterogeneous networks, it has earlier been observed [1] that there is a lack of sufficient CSI-RS resources for flexible operation and to avoid complex planning. A UE shall be able to track and perform channel estimation of up to three NZP CSI-RS resources. Then all relevant interference hypotheses must be realized with different IMRs, realized as multiple ZP CSI-RS which must occur in the same subframe (offset and periodicity). In a particular subframe there are only a maximum of 10 (in FDD) 4RE/PRB ZP CSI-RS configurations, which must be shared by all IMR configurations and the muting to accommodate boosting of CSI-RS configurations. In the appendix of [1], a few scenarios are given and the required number of CSI-RS resources is calculated. To summarize, we observe:
Observation: There is a shortage of the number of CSI-RS resources in most considered scenarios
To solve the CSI-RS shortage, there are two possibilities for an NCT (which can be combined):

· Introduce UE interference emulation over a specific NSP CSI-RS resource [1]
· Extend the number of CSI-RS resources on NCT

The number of CSI-RS resources on a legacy carrier is determined by the CRS and legacy control region, as the CSI-RS should not collide with these. Since this is not anymore an issue for NCT, the number of available CSI-RS resources can be extended. An extension of the CSI-RS resources are shown in Figure 1 and the extended set should have the same functionality as the legacy CSI-RS, that is, both ZP and NZP is supported, they can be used for QCL assumptions and also be used as interference measurement resources. 
Proposal: Resolve the CSI-RS shortage issue on NCT by introducing UE emulated interference and/or extended CSI-RS resources
Note that if extended CSI-RS resources are introduced, then the exact position of the extended CSI-RS needs to be determined after the issue on moving the DMRS has been decided.
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Figure 1 Example of extended CSI-RS resources on NCT for normal CP (red Res). The yellow RE are the legacy CSI-RS resources and grey RE are reserved for DMRS.
In TM10 on the legacy carrier, 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 the CSI-RS as CSI-IM, even if the number is extended for NCT, is that the number of available patterns is still rather small so that CSI-RS planning in the network is necessary. For CoMP scenarios, planning is anyway needed but there are other scenarios where planning should be simplified such as a dense small cell deployment.

Hence, extended CSI-IM should be defined for use on the NCT, which are pseudo randomly varying over time and/or frequency and they should better reflect the interference statistics of the data channel as a whole by a uniform distribution over each PRB pair. For correct mapping of PDSCH and EPDCCH to REs, these extended CSI-IM resources needs to be configured the same for all the UEs served by the same node. 

 Proposal: Introduce extended CSI-IM resources on NCT as UE specifically configured pseudo random varying zero power RE patterns. 

In Figure 2, an example is shown of how an extended CSI-IM resource using 4 RE per PRB pair could be defined. The CSI-IM does not collide with DMRS but is otherwise uniformly distributed over the PRB pair to provide a good estimate of the interference. 
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Figure 2 Example of extended CSI-IM resources on NCT
4 Antenna diversity transmission on NCT

If operating TM1 on NCT, then a PDSCH scheduled by DCI format 1A could use antenna port 7. As distributed resource allocation for PDSCH is not possible with DMRS based demodulation, there is no possibility to utilize frequency diversity, unless the scheduling bandwidth is very large and clearly antenna diversity is not available either. This is undesirable and could lead to several dB loss in flat channels, and therefore a transmission scheme that utilizes antenna diversity should be further investigated. Such transmission scheme can also be used when transmitting broadcast information such as SI-,P-,RA-,M-RNTIs on stand-alone NCT, if defined. Furthermore SPS-C-RNTI and TC-RNTI scheduled PDSCHs would also benefit from such diversity scheme. 
A promising direction for such transmit diversity is to reuse the same principle as EPDCCH also for PDSCH, that is, every other RE in the PRB pair scheduled for PDSCH is mapped to antenna port 7 and another port (i.e. 8 or 9) respectively. A related issue to be further investigated is if and how CSI reporting needs to be adjusted to take into account such antenna diversity transmission.  
Proposal: Further investigate EPDCCH like antenna diversity scheme for use on NCT to replace single antenna port transmission
5 Conclusions

In this contribution we have discussed some issues related to transmission modes and CSI reporting on the NCT. We propose the following

Proposal: A TM based on TM9 is not supported on NCT
Proposal: Resolve the CSI-RS shortage issue on NCT by introducing UE emulated interference and/or extended CSI-RS resources
Proposal: Introduce extended CSI-IM resources on NCT as UE specifically configured pseudo random varying zero power RE patterns.
Proposal: Further investigate EPDCCH like antenna diversity scheme for use on NCT to replace single antenna port transmission
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