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1 Introduction

In RAN1#68bis (in Jeju), it was agreed that 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 at least for unsynchronised case, but that this RS port is not used for demodulation [1].
In the same meeting, transmission modes to be supported on new carrier type were also discussed, but no conclusion was made.
In this contribution, we provide our view on transmission modes on new carrier type.
2 Discussion
Metrics for down selection of transmission modes on additional carrier type

The following metrics can be used for down selection of transmission modes to be supported on the new carrier type: 

· Avoid complexity of UE implementation as much as possible
· Avoid standardisation load including increase of test cases as much as possible
· Common behaviour (i.e. all the features of the transmission mode other than PDSCH starting position, perhaps) should be kept between legacy carrier and new carrier type

· Common transmission modes to be supported between unsynchronized and synchronised cases of the new carrier type (if any optimization is made for synchronised case)

· No change to the behavior (i.e. all the features other than PDSCH starting position, perhaps) of transmission modes up to Rel-10
· Minimal support (including none) of existing transmission modes to be supported on new carrier type.
· All Rel-11 UE or later (capable of operating on new carrier type ) can operate on new carrier type regardless of optional features, e.g. possibly CoMP operation.
Reference signals used for transmission modes up to Rel-10
In Table-1 below, the reference signals used for transmission modes up to Rel-10 are summarized:

Table-1 summary of RS used for transmission modes up to Rel-10

	
	Demodulation

	
	CRS
	UE-specific RS (DM-RS)

	CSI reporting
	CRS
	TM1, TM2, TM3, TM4, TM5, TM6
	TM7, TM8, TM9 without CSI reporting

	
	CSI-RS
	N/A
	TM9 with CSI reporting


Transmission modes whose demodulation is based on CRS

As a consequent of the agreement in last RAN1 meeting [1], transmission modes whose demodulation is based on CRS could not be supported on the new carrier type, i.e. TM1, TM2, TM3, TM4, TM5, TM6 are not supported.
Transmission modes whose demodulation is based on UE-specific RS (DM-RS)
TM7/8 and TM9 without PMI/RI reporting: PDSCH can be transmitted on new carrier type in TM7, TM8 and TM9 without PMI/RI reporting as their demodulation is based on UE-specific RS. However CSI reporting is based on CRS for these transmission modes so whether these transmission modes can be supported depends on whether CSI reporting is supported, perhaps based on the RS similar to port 0 with 5ms periodicity. In addition, PDSCH EPRE refers to CRS EPRE, the ratio is signaled to the UE as P_A in TM7.
From above discussion, TM7 is not suitable to be supported on new carrier type as it depends much on CRS.
TM 8 will not need to be supported on new carrier type since it is a subset of transmission mode 9 and CSI reporting is based on CRS. TM9 will be more useful to be supported on new carrier type than TM8.
In order to support TM9 without PMI/RI reporting on new carrier type, CRS-based CSI reporting would be necessary to be specified on new carrier type. So it is not preferable to support TM9 without PMI/RI reporting unless beneficial use cases were identified.

Transmission mode 9 with PMI/RI reporting: TM9 with PMI/RI reporting can be supported on new carrier type as PDSCH demodulation is based on UE-specific RS and CSI reporting is based on CSI-RS.
In case that TM9 with PMI/RI reporting supports CoMP operation in Rel-11, it is apparent that this TM needs to be supported on new carrier type. 
In other cases, , as not all Rel-11 UEs may support CoMP operation, TM9 with PMI/RI reporting should be supported on new carrier type as well. Therefore, TM9 with PMI/RI reporting should be baseline transmission mode on new carrier type for Rel-11 as well as later releases.

In addition, fall back operation should be supported for TM9, by just reusing the same behaviour as in MBSFN subframes of legacy carrier, i.e. single antenna port transmission on port 7 with signaling of DCI format 1A.
New transmission mode to support CoMP: A new transmission mode may be introduced to support CoMP operation in Rel-11. If it were introduced in Rel-11, it should be supported on new carrier type with the same behaviour as on legacy carrier. Otherwise, it is clear that TM9 need to be supported on new carrier type.
Transmission scheme of E-PDCCH
E-PDCCH transmission scheme should be considered on new carrier type. 
It has been agreed that E-PDCCH can be transmitted on a single port, port 9 or 10 as well as pot 7 or 8, and this would be also true on new carrier type. This is, however, different from transmission scheme of PDSCH in TM9 as TM9 does not support single port transmission on port 9, 10.
So the transmission scheme of E-PDCCH needs to be considered separately from transmission mode of PDSCH.
Support of PMCH
PMCH and MBSFN reference signal can be transmitted on new carrier type except in subframes where PSS/SSS and/or RS like port 0 and/or CSI-RS are transmitted.

However use case is not clear so that support of PMCH transmission on new carrier type is not necessary.

3 Conclusion
In this contribution, we have discussed the transmission modes to be supported on new carrier type. Based on the discussion, we have the following proposals:
Proposal 1:
TM1, TM2, TM3, TM4, TM5 and TM6 are not supported on new carrier type
Proposal 2:
TM7 and TM8 are not supported on new carrier type
Proposal 3:
TM9 without PMI/RI reporting would not be necessary unless beneficial use cases were identified 
Proposal 4:
TM9 with PMI/RI reporting should be supported on new carrier type, regardless whether a new TM is introduced
Proposal 5:
New TM which supports CoMP operation should be supported if introduced
Proposal 6:
Transmission scheme of E-PDCCH should be considered separately from transmission modes of PDSCH on new carrier type
Proposal 7:
PMCH should not be supported on new carrier type unless beneficial use cases were identified
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