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1 Introduction
With the Rel-13 WI: LAA using LTE being ongoing, further agreements have been achieved during last few meetings. In this contribution, we shall continue discussing the LAA radio link adaptation aspects, and also making further proposals.

2 Discussion 
In the much broader 5GHz unlicensed spectrum, there are many potential unlicensed radio resources available for operators’ use by means of LAA technique, and it has been confirmed that the legacy licensed CA framework, e.g. the data scheduling and transmission means for licensed Pcell/Scells should be reused for LAA Scells as much as possible.

In the legacy CA framework, radio link monitoring (RLM) is not performed with licensed Scells, hence it is not required for LAA Scells either. Based on UE CSI measurements and reports, eNB can get full vision about ongoing radio link’s quality so that it can make more adaptive DL/UL scheduling and transmission. However, unlike the licensed Scell case, where the NZP CSI-RS and CSI_IM can be periodically transmitted, the NZP CSI-RS and CSI-IM transmission for LAA Scells should be subject to LBT (we are not considering the case in the duration inside COT, which is much similar as licensed Scell case). There are two extreme cases here:

Extreme case 1: the LAA carrier is slightly loaded, and eNB has big success ratio for LBT, so the NZP CSI-RS and CSI-IM transmission can still provide UE sufficient samples. In such case, we believe there is no much performance loss for UE’s CSI measurements and reports, so consequently no much performance loss for eNB’s adaptive DL/UL scheduling and transmission.

Extreme case 2: the LAA carrier is heavily loaded, and eNB has small success ratio for LBT, so the NZP CSI-RS and CSI-IM transmission cannot provide UE sufficient samples. In such case, we believe there could be performance loss for UE’s CSI measurements and reports, so consequently also performance loss for eNB’s adaptive DL/UL scheduling and transmission, especially for the beginning few subframes in COT duration.

For the reason of extreme case 2, RAN1 is currently studying how the LAA eNB can provide sufficient NZP CSI-RS and CSI-IM transmission samples in relative shorter period or in aperiodical manner and inform UE about their exact timings, or even in the way of SCS without LBT (please refer to DRS transmission mode and pattern designs in RAN1). As part of various potential solution options, RRC signalling can be used to indicate UE some semi-static information such as SCS on/off, LAA-DMTC info, aperiodic CSI-RS timing relative to the COT beginning, CSI-RS port and resource pattern index etc.
Proposal 1: To guarantee the efficiency of radio link adaptation, LAA eNB should provide sufficient NZP CSI-RS and CSI-IM transmission samples for LAA Scells both periodically and aperiodically, and RRC signaling can convey UE some semi-static assistance info for that.
UE can be either semi-statically configured by high layers to perform periodic CSI reporting on PUCCH, or dynamically trigged by DCI order to perform aperiodical CSI reporting on PUSCH. For LAA Scells, the CSI reporting relies on whether fresh CSI measurement results are available. For aperiodical CSI reporting, LAA eNB can guarantee that UE always has the fresh CSI measurement results available; however, for periodical CSI reporting, it needs to be clarified how UE reports its CSI measurement results if no fresh one is available. As part of various potential solution options, RRC signalling can be used to indicate UE how to handle in different cases.
Proposal 2: To guarantee the efficiency of radio link adaptation, LAA UE should report sufficient and accurate CSI measurement results for LAA Scells both periodically and aperiodically, and RRC signaling can convey UE some semi-static controlling info for that.

In order to alleviate the payload challenge of PUCCH in Pcell, it is still under discussion how UCI, including CSI measurement results can be conveyed in LAA Scells’ PUSCHs. With another ongoing Rel-13 WI: eCA, one secondary PUCCH is supposed to be supported in licensed Scell, it needs to be investigated in future whether one secondary PUCCH can be supported in LAA Scells as well.
Proposal 3: To alleviate the payload challenge of CSI feedbacks in Pcell, UE should be allowed to report CSI measurement results in LAA Scells, and RRC signaling can convey UE some controlling info for that.
Besides CSI feedbacks, SRS info (if LAA UL transmission is activated) can also facilitate eNB’s scheduling, taking the TDD channel reciprocity into account. For that reason, SRS transmission should be supported in LAA Scells. In Rel-13, as no LAA UL data transmission is expected, and since one SRS transmission burst occupies only 1~2 UL OFDM symbols (quite like SCS), hence standalone SRS for LAA Scells may be transmitted by UE even without LBT, otherwise SRS can be transmitted associated with LAA UL data transmission.

Proposal 4: Standalone SRS without PUSCH for LAA Scells can be transmitted by UE to facilitate eNB’s radio link adaptation.
LAA eNB may also adopt different transmission modes (TM1-10) in order to adapt to different LAA radio link conditions, and the switching between different TMs can only be achieved with explicit RRC signaling. Among all TMs so far, TM7/8/9/10 can use DMRS for PDSCH demodulation, but due to lack of LAA UL transmission in Rel-13, TM7, TM8 seem improper for LAA Scells.
Since DMRS based demodulation shows better efficiency and performance over CRS based demodulation, we tend to support DMRS based demodulation for LAA DL data transmission with higher priority. Anyway, it is still open in RAN1 which TMs can be applied with LAA Scells.

Proposal 5: in Rel-13, LAA Scells should be configured with TM9/10 with higher priority.
3 Conclusion

In this contribution, we discussed some radio link adaptation relevant issues for LAA Scells and RAN2 is kindly asked to consider following proposals:
Proposal 1: To guarantee the efficiency of radio link adaptation, LAA eNB should provide sufficient NZP CSI-RS and CSI-IM transmission samples for LAA Scells both periodically and aperiodically, and RRC signaling can convey UE some semi-static assistance info for that.

Proposal 2: To guarantee the efficiency of radio link adaptation, LAA UE should report sufficient and accurate CSI measurement results for LAA Scells both periodically and aperiodically, and RRC signaling can convey UE some semi-static controlling info for that.

Proposal 3: To alleviate the payload challenge of CSI feedbacks in Pcell, UE should be allowed to report CSI measurement results in LAA Scells, and RRC signaling can convey UE some controlling info for that.

Proposal 4: Standalone SRS without PUSCH for LAA Scells can be transmitted by UE to facilitate eNB’s radio link adaptation.
Proposal 5: in Rel-13, LAA Scells should be configured with TM9/10 with higher priority.
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