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With respect to the supported transmission schemes for LAA, the LAA SI TR identifies two options with potential future down selection [1]:
•	LAA supports DMRS-based demodulation and CRS-based demodulation for PDSCH
•	LAA supports only DMRS-based demodulation for PDSCH 
In this contribution, we provide our detailed views on the support in LAA of DMRS-based demodulation and CRS-based demodulation for PDSCH.
Discussion
Transmission mode support
The underlying assumption in this contribution is that LAA supports both DMRS-based demodulation and CRS-based demodulation for PDSCH. Current LTE design does not support discontinuous transmissions in DL for an activated SCell. In the context of discontinuous transmission on an LAA SCell, the legacy CRS does not exist as in previous releases. It is therefore clear that there is a need from the UE side to be able to handle the case when CRS and PSS/SSS are not constantly received. This implies that the demodulation performance of the applicable transmission modes (TMs) would change due to the fact that the CRS can no longer be assumed to be interpolated in time. This is because the UE cannot assume that they are present in the subframe prior to the scheduled subframe, or even in any subframe in a duration of five subframes prior to the scheduled subframe, as can be assumed currently in LTE.
Based on the above, we have the following proposals.
Proposal 1:  LAA supports DMRS-based demodulation and CRS-based demodulation for PDSCH.
Proposal 2: 
· A UE that is configured with a DMRS-based transmission mode cannot assume the presence of CRS anywhere other than the DRS occasion.  
· A UE that is configured with a CRS-based transmission mode can assume that CRS outside of the DRS occasion is present only in the subframes in which it is scheduled. 

The eNB should have flexibility in the choice of transmission modes it employs in a particular subframe. To be consistent with the above proposal, it is recommended to group UEs of the same TM category in a DL subframe, i.e., UEs with CRS-based TMs are served in one subframe and UEs with DMRS-based TMs are served in another subframe. Thus, a TDM scheme across subframes based on TMs is useful when a SCell is serving UEs with both categories of TMs. However, the eNB is not restricted to serving UEs with the same category of TM across all SCells for a particular TTI. 
Proposal 3: The two transmission mode categories are TDM at the subframe level if a SCell is serving UEs of both TM categories.

[bookmark: _Ref427070004]Details of CRS-based TMs
Transmission modes 1-6 are based on the use of CRS for PDSCH demodulation. However, not all of these TMs are useful in the context of LAA. It is natural to prefer multi-layer spatial-multiplexing TMs in order to enhance the data rate on unlicensed carriers. Therefore, at least TM3 and TM4 should be supported in the case of CRS-based TMs. The scheduling of UEs with CRS-based TMs is performed using the PDCCH, which implies that the PCFICH is also transmitted. 

Proposal 4: 
· Support at least TM3 and TM4 out of the CRS-based TMs.
· PDCCH and PCFICH are supported for CRS-based TMs.

Details of DMRS-based TMs
In case of DM-RS based transmission modes, it would be reasonable to only support TM10 operation and not to support the lower transmission modes based on DMRS. The reason is that for the lower transmission modes CRS is either assumed for CSI report which results in issues similar to those that were discussed above. In addition, TM10 is the newest evolution within the transmission mode area and seems to be a suitable choice as a starting point for LAA design.
TM10 as of Rel-12 supports two transmission schemes, one supporting a single antenna port only  and a second transmission scheme that support multiple antenna ports. Based on the same argument as in Sec. 2.1.1, it is proposed to support only the transmission scheme that features multiple antenna ports. This would also allow a simpler UE implementation, as fewer transmission schemes need to be supported and in addition fewer blind decodes may potentially be needed to be supported. 
The applicable resource allocation schemes for the single used transmission scheme may therefore need to be discussed as well. Similar to the UL it is important that the DL resource allocation scheme allows the eNB to spread out the PRB allocation across the full bandwidth. It could therefore be sufficient to only support resource allocation type 0. In addition since the scheduling design can be based on EPDCCH, it would be beneficial and necessary to allow a starting OFDM symbol 0 for PDSCH. The motivation is to maximize the transmission of PDSCH within the DL transmission burst for DMRS-based TMs. Further as DL transmission scheme is based on DMRS there is no need for the UE to support CSI reporting based on CRS. Hence the UE would only need to support CSI feedback based on CSI-RS and CSI-IM.

Proposal 5:
· Support only TM10 out of the DMRS-based TMs.
· PDSCH supports starting from OFDM symbol #0
· Further discuss applicable resource allocation schemes
· PDCCH and PCFICH are not transmitted on an LAA SCell with only DMRS-based TMs
· EPDCCH can be transmitted on an LAA SCell serving UEs with DMRS-based TMs to support scheduling for DL and UL
· CSI measurement for an LAA SCell with only DMRS-based TMs is only provided based on CSI-RS and CSI-IM



Conclusions
In this contribution, we discussed potential solutions for transmission modes and transmission schemes in LAA. The above discussion is summarized with the following proposals:
Proposal 1:  LAA supports DMRS-based demodulation and CRS-based demodulation for PDSCH.
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· A UE that is configured with a DMRS-based transmission mode cannot assume the presence of CRS anywhere other than the DRS occasion.  
· A UE that is configured with a CRS-based transmission mode can assume that CRS outside of the DRS occasion is present only in the subframes in which it is scheduled. 
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