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1 Introduction
In RAN1 #68b meeting, the following agreement was made:

· New carrier type can carry 1 RS port (consisting of the Rel-8 CRS Port 0 REs per PRB and Rel-8 sequence) within 1 subframe with 5ms periodicity

· This RS port is not used for demodulation

· FFS how RSRP measurements would then be handled for the NCT 

· Ask RAN4 for guidance on RRM measurement handling

· BW is FFS until RAN1#69 
Based on these conclusions, this contribution discusses several aspects on the transmission mode including the impact of not supporting CRS based data demodulation. Additionally, we discuss a few design considerations of TRS for NCT. 
2 Transmission Mode (TM)
As it was agreed that RS for time/frequency tracking (TRS – Tracking RS) would not be used for data demodulation, it is very straightforward that the demodulation of PDSCH in NCT should be based on the UE specific reference signal (URS or DM-RS). In Rel’10 specification [1], there are 3 transmission modes based on URS: TM 7, TM 8, and TM 9. As shown in Table 1, TM 7 supports single layer beamforming with antenna port 5, TM 8 supports dual layer beamforming with antenna port 7 and 8, and TM 9 supports up to 8 layers spatial multiplexing with antenna port 7 to 14. 
Table 1 Description of TM 7, TM8, and TM 9 from [1]
	Transmission mode
	DCI format
	Transmission scheme of PDSCH corresponding PDCCH

	Mode 7
	DCI format 1A
	If the number of PBCH antenna ports is one, Single-antenna port, port 0 is used, otherwise Transmit diversity 

	
	DCI format 1
	Single-antenna port, port 5 

	Mode 8
	DCI format 1A
	If the number of PBCH antenna ports is one, Single-antenna port, port 0 is used, otherwise Transmit diversity

	
	DCI format 2B
	Dual layer transmission, port 7 and 8  or single-antenna port, port 7 or 8 

	Mode 9
	DCI format 1A
	Non-MBSFN subframe: If the number of PBCH antenna ports is one, Single-antenna port, port 0 is used, otherwise Transmit diversity

MBSFN subframe: Single-antenna port, port 7 

	
	DCI format 2C
	Up to 8 layer transmission, ports 7-14 


Among these 3 transmission modes, it is straightforward to support TM 9 for NCT since TM 9 is an only mode which supports 8 layers spatial multiplexing with URS. Regarding TM 8, since operation of TM 9 already covers that of TM 8 and the only benefits of supporting TM 8 in addition to TM 9 would be that DCI format 2B (in TM8) consumes two bits less than DCI format 2C (in TM9). In other words, if TM 8 is not supported, DCI format 2C will be used even for UEs supporting up to 2 layers with additional two bits overhead in DCI. Considering the benefits to reduce the complexity of supporting multiple TMs in Rel-11 UE, however, it would be desirable not supporting the additional TM8. 
Regarding TM 7, TM 7 may have benefits of supporting DCI overhead optimized for the single layer transmission with DCI format 1, but the necessity is still questionable since TM 9 can also support DCI overhead optimized for the single layer transmission with DCI format 1A. Moreover, if we would support TM 7 in addition to TM 9, TM 7 requires antenna port 5 in addition to antenna port 7 to 14 for TM 9, which complicates the issue of conflicting PSS/SSS and URS even further. Unless strong benefit of TM7 in NCT can be shown, TM7 may not need to be supported in NCT. 
Therefore, we propose that transmission mode of NCT should be based on TM9 where the existing DCI formats defined for TM9 are reused as much as possible. 
Proposal 1: Transmission mode of NCT should be based on TM 9 where the existing DCI formats defined for TM9 are reused as much as possible. Transmission modes of NCT based on TM 7 or TM 8 may not be necessary.
In Rel-10, a UE configured with TM 9 uses CRS ports for PDSCH demodulation when scheduled with DCI format 1A except for the MBSFN subframes, where the UE uses URS port 7 in MBSFN subframes since there is no CRS for PDSCH demodulation in MBSFN subframes. For NCT, a UE configured with TM 9 shall use a single URS port (e.g., port 7) from 8 antenna ports, port 7 to 14, regardless whether the subframe type is MBSFN or not, since there is no CRS in NCT. Hence, single URS port (e.g, port 7) based transmission scheme of PDSCH corresponding PDCCH with DCI format 1A should be defined in TM 9 for NCT regardless whether the subframe type is MBSFN or not.
Proposal 2: Single URS port (e.g., port 7) based transmission scheme of PDSCH corresponding PDCCH  with DCI format 1A should be defined in TM 9 for NCT  regardless whether the  subframe type is MBSFN or not.
In Rel-10, MU-MIMO with single layer beam forming is supported with DCI format 1D in TM 5 based on CRS, which can be supported with a DCI overheads optimized for the single layer transmission. On the other hand, using DCI format 2C in TM9 for MU-MIMO with single layer beam forming may cause too much waste of DCI overheads since DCI format 2C always includes information fields to support two TBs with multi-layer transmission. On top of that, considering MU-MIMO support of a Cat-1 UE which doesn’t support multi-layer transmission at all, we can consider the possibility of efficient support of MU-MIMO operation with reduced control information overhead. One possibility is to modify DCI format 1A to support MU-MIMO operation by including, e.g., antenna port selection field. The details should be investigated further. 
Proposal 3: Efficient support of MU-MIMO operation in NCT should be investigated further.
3 Considerations on Tracking RS
As agreed at the last meeting, NCT can carry TRS (tracking RS) every 5msec periodicity, and LS to RAN4 has been sent seeking guidance on TRS bandwidth. While waiting the response from RAN4 on TRS bandwidth, still two remaining issues can be discussed, namely, TRS subframe index and TRS port. 

(1) TRS Subframe

In terms of defining TRS subframe where TRS is transmitted, static and semi-static configuration are possible. For static configuration, the most straightforward decision would be to transmit TRS at #0/#5 where PSS/SSS may be transmitted in NCT. However, this may not fully utilize the benefit of 5msec periodicity of TRS from ICIC perspective. For example, in a synchronized network such as TDD case, the tracking performance of a NCT carrier may be degraded due to the interferences from neighbour NCT carriers which transmit TRS at the same time. By allowing configurable offset which can be set differently among neighbour NCT carriers, this conflict can be resolved. 

Proposal 4: TRS Subframe offset should be configurable and the offset value is higher-layer signalled.

(2) TRS Port

Even though TRS consists of the Rel-8 CRS Port 0 RE and Rel-8 sequence, definition of the port where TRS is transmitted needs decision. There could be three alternatives to address the TRS port: 

· Alt1: define a new port X for TRS 

· A new port may be defined for TRS transmission which is not related to any antenna ports specified in Rel-10

· Alt2: unspecify an explicit antenna port for TRS 

· Similar to PSS port in Rel-10, no definition for TRS is specified

· Alt3: tie with PSS/SSS 

· The same antenna port as for PSS/SSS is used for TRS to make it possible to cooperate TRS and PSS/SSS in frequency/time tracking.
Proposal 5: Clarify the antenna port definition where TRS is transmitted.
4 Conclusions

In this contribution, we discuss several aspects of transmission mode and TRS design. The summary of the contribution is as follows:
Proposal 1: Transmission mode of NCT should be based on TM 9 where the existing DCI formats defined for TM9 are reused as much as possible. Transmission modes of NCT based on TM 7 or TM 8 may not be necessary.

Proposal 2: Single URS port (e.g., port 7) based transmission scheme of PDSCH corresponding PDCCH  with DCI format 1A should be defined in TM 9 for NCT  regardless whether the subframe type is MBSFN or not.

Proposal 3: Efficient support of MU-MIMO operation should be investigated further.
Proposal 4: TRS Subframe offset should be configurable and the offset value is higher-layer signalled.
Proposal 5: Clarify the antenna port definition where TRS is transmitted.
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