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1. Introduction
In RAN#65, a new study item on licensed-assisted access (LAA) using LTE on unlicensed spectrum [1] was approved. Among many other critical design issues such as LBT, frame structure, fast cell on/off, etc., one issue to be addressed is what transmission modes are supported on LAA carriers. In this contribution we share our views on the transmission modes.

2. Discussion on Transmission Modes
LTE currently supports the following 10 transmission modes:
· TM1: single antenna port transmission
· TM2: transmit diversity
· TM3: open-loop spatial multiplexing
· TM4: closed-loop spatial multiplexing
· TM5: MU-MIMO
· TM6: closed-loop rank-1 precoding
· TM7: single-layer transmission using UE-specific RSs
· TM8: up to two-layer transmission using UE-specific RSs (Rel-9)
· TM9: up to 8-layer transmission using UE-specific RSs (Rel-10)
· TM10: up to 8-layer transmission using UE-specific RSs, with CSI-IM based interference measurement for CoMP support (Rel-11)
TM10 was introduced specifically to support CoMP. In LAA, it is unrealistic to use CoMP because:
· When LBT is required before transmission, it is very difficult, if possible at all, to coordinate the transmissions between multiple eNBs.
· The interference can vary significantly more on unlicensed carriers than licensed carriers. This would cause the gain of CoMP to diminish, if the gain exists at all.
This suggests that it is not necessary to support CoMP on an LAA carrier. Therefore we propose:
Proposal 1: CoMP is not supported for LAA.
Even though there is no need to support CoMP, it is still questionable needs to be considered further whether TM10 should be excluded from the consideration for LAA. But However, not supporting CoMP at least means that there is no need to support multiple CSI processes. In order to take the most advantage of the advanced features that are already developed for PDSCH transmission, either TM9 or TM10 with a single CSI process should at least be supported for LAA. The major difference between TM9 and TM10 with a single CSI process is that CSI-IM is defined for interference measurement in TM10. It needs to be discussed further whether CSI-IM is considered necessary for LAA.
TM9 or TM10 cannot be directly reused for LAA. How CSI measurement (including channel and interference) is performed needs to be changed at least when LBT is mandated for RS/data transmission. This is discussed in more detail in our companion contribution [2].
Since LAA has no backward compatibility issue, it is not really required to support all the other TMs (TM1-8). Conceptually TM9 or TM10 with a single CSI process can be considered as a superset of all the other TMs, except for TM2. Factors that affect whether we want to continue to support CRS-based TMs include:
· Complexity. It is expected that none of the TMs can be directly reused for LAA because as a minimum the CSI measurement behavior would need to be changed when LBT is required. There could also be modifications on RS pattern (which may affect time/frequency estimation and channel estimation algorithm) and rate matching. So supporting more TMs would mean more specification effort and implementation complexity.
· Overhead. CRS-based TMs would require that CRS is always present in the ON subframes. Reducing CRS density was extensively discussed in the new carrier type work item in Rel-12. One of the major reasons why the work was terminated without completion in Rel-12 was that many companies thought the performance gain is not sufficient to justify the non-backward compatibility of the new carrier. For LAA, the carrier is not backward compatible anyway. So it is worthwhile to consider possible ways to reduce the overhead and improve the efficiency.
· On the other hand, if CRS needs to be present due to other considerations (e.g. for measurement or time/frequency synchronization), not supporting CRS-based TMs would not give any overhead reduction.
Proposal 2: (Modified) TM9 or TM10 with a single CSI process is the baseline TM supported for LAA. FFS whether to support CRS-based TMs.
In addition, it would be worthwhile to consider whether to change the corresponding fallback transmission scheme, if CRS-based TMs are not supported. Currently TM9 and TM10 fall back to SFBC transmit diversity transmission scheme, which depends on CRS for demodulation. If CRS is not transmitted in every ON subframe, a non-CRS based fallback scheme would be necessary. One possible scheme is the implementation-dependent beamforming scheme that has been adopted for EPDCCH.
Proposal 3: It should be considered to reduce CRS transmission during ON subframes and introduce a non-CRS based fallback transmission scheme for the TM on LAA.
3. Conclusion
In this contribution, we have discussed the transmission modes that should be supported for LAA, and proposed the following:
Proposal 1: CoMP is not supported for LAA.
Proposal 2: (Modified) TM9 or TM10 with a single CSI process is the baseline TM supported for LAA. FFS whether to support CRS-based TMs.
Proposal 3: It should be considered to reduce CRS transmission during ON subframes and introduce a non-CRS based fallback transmission scheme for the TM on LAA.
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