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The supported transmission schemes for LAA were discussed at RAN1 #80bis [1] and it was concluded to capture multiple options for this in the TR for LAA for future potential down selection. In this contribution, we discuss these transmission schemes and try to also form transmission mode to be able to support LAA in DL.
Transmission mode support
Current LTE design does not support discontinuous transmissions in DL for an activated SCell. This has been identified as a key design aspect for LAA operation to allow for another system that operates on the same unlicensed carrier to utilize it as well as to comply with regulations on the maximum channel occupancy time in some regions. If the LAA SCell is activated, no solution is specified within the LTE specification currently to allow discontinuous transmission. It is 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. The design should also be integrated together with how the LBT procedure in the DL is designed. Furthermore, the impact on the DRX behavior of the UE should be also taken into account to ensure scheduling flexibility when DRX is used. 

During the RAN1 #80bis it was identified that LAA could support either of the following two options:
•	LAA supports DMRS-based demodulation and CRS-based demodulation for PDSCH
•	LAA supports only DMRS-based demodulation for PDSCH 

In the context of discontinuous transmission on an LAA SCell, the legacy CRS does not exist as in previous releases. In fact the CRS can be present only in the subframes that transmission is allowed. This implies that the demodulation performance of the applicable transmission modes would change due to the fact that the CRS can no longer be assumed to be interpolated in frequency. 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.
Moreover due to the unpredictable nature of the unlicensed band there is no guarantee for the existence of CRS even if the eIMTA frame work is adopted for LAA. Therefore, the standardization impact in particular on the test procedures and requirements in RAN4 in relation to non-always available CRS is significant. This statement holds even if DRS frame work or TDD configuration 0 are considered as a starting point since all of these rely on the periodicity of the CRS but with some lower frequency. 

Hence, providing CRS based transmission in a subframe would therefore only allow the possibility for the UE to perform interpolation within the scheduled subframe. It is further unclear if the first subframe needs to be shortened from the beginning, what impact on the demodulation would be due to the fact that the CRS in the first OFDM symbol has not been transmitted. Further how scheduling should be performed in that case as the possibility to transmit PDCCH would not be feasible.

The alternative is to base LAA design on DMRS based transmissions, wherein the DMRS for the PDSCH or EPDCCH follows the design assumption for DMRS in Rel-12. The DMRS based TM already assumes that the DMRS can only be interpolated within very strict boundaries in time and frequency which allow a direct transfer of the methodology to the LAA SCell. 

If we consider DM-RS based transmission modes it would further make most sense 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 transmission mode 10 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 (in MBSFN subframes) and a second transmission scheme that support multiple antenna ports. The usefulness of supporting both of these transmission schemes could be further discussed as a potential functionality where the saving would be to only support the transmission scheme that support multiple antenna ports. This would for example allow a simpler UE implementation as less transmission schemes need to be supported and in addition less 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 would 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. 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.

Proposals:
· LAA SCell supports only DMRS-based demodulation for PDSCH
· Support PDSCH starting OFDM symbol #0
· Possible to further discuss
· Applicable resource allocation schemes
· Whether there is a need for a single antenna port transmission scheme
· PDCCH and PCFICH are not transmitted on an LAA SCell
· EPDCCH can be transmitted on an LAA SCell to support scheduling for DL and UL
· CSI measurement for an LAA SCell is only provided based on CSI-RS and CSI-IM

UL discontinuous transmission can be supported by directly reusing the Rel-12 specifications with the addition of LBT support that may be needed at the UE before the start of UL transmission. 

Proposal:
· UL discontinuous transmission is already supported by LTE in Rel-12 by scheduling or configuring the presence of transmissions. 

Conclusions
In this contribution, we discussed potential solutions for the LBT functionality in LAA. The above discussion is summarized with the following proposals:
Proposals:
· LAA SCell supports only DMRS-based demodulation for PDSCH
· Support PDSCH starting OFDM symbol #0
· Possible to further discussion
· Applicable resource allocation schemes
· Whether there is a need for single antenna port transmission scheme
· PDCCH and PCFICH are not transmitted on an LAA SCell.
· EPDCCH can be transmitted on an LAA SCell to support scheduling for DL and UL.
· CSI measurement for an LAA SCell is only provided based on CSI-RS and CSI-IM.

· UL discontinuous transmission is already supported by LTE in Rel-12 by scheduling or configuring the presence of transmissions. 
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