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1 Introduction
[bookmark: OLE_LINK9][bookmark: OLE_LINK10]In the RANP #75 meeting, a new work item on enhancements to LTE operation in unlicensed spectrum was agreed [1]. And one of the objectives in this WID was:
· Specify support for multiple starting and ending positions in a subframe for UL and DL on SCell with Frame structure type 3.
In the RAN1 #88bis meeting, the following agreement [2] was achieved for DL ending positions: 
· No additional DL ending positions are introduced in this WI.
In the previous RAN1 Meeting #90, no further agreement [3] was made regarding the DL initial partial subframe.
This contribution mainly discusses on the introducing of multiple starting positions in the DL initial partial subframe.

2 [bookmark: OLE_LINK64][bookmark: OLE_LINK65]Discussion
In Rel-13, LAA has already supported initial partial subframe for FS3 with one candidate starting position of symbol 7. If LBT fails at symbol 0, eNB will continue to listen to the channel for channel clear access. Once access procedure success, eNB may transmit reserving signals until symbol 7 for the real useable transmitting. Normally, eNB should keep the MAC scheduling results (e.g., TBS, PRB allocation, etc.) unchanged, and re-ratematch coded bit into the physical REs.
As mentioned above, reserving signals is need from perspective view of eNB to improve transmitting probability on unlicensed band. Comparing with only applying LBT channel clear access before frame or slot boundary, eNB will miss some transmitting occasion while it is already allowed to transmit under restrict of LBT but grabbed by other nodes because of waiting for slot boundary. So implementable reserving signalling is meaningful for LAA eNBs. But reserving has its own problem, because it transmits signal just for reserving which contains no useful data or information. On one hand, it wastes radio resource and reduces system throughput, on the other hand, it may be unfair to other nodes. 
So the introducing of symbol 7 is a great leap to halve the waste and achieve significant performance gain, but it still has maximum possible 0.5ms waste. For channel access priority class 1, the maximum channel occupation time is 2ms. The reserving time proportion is up to 25% which is a huge proportion that may face up with regulation risk in the future. As mentioned in [4], “the work item scope for the next version of ETSI 301 893 contains a topic to consider not allowing transmission of reservation signals”. Even if reservation signals are not forbidden, the proportion of reservation signals can also be limited by regulations. Introducing of multiple starting positions in the DL initial partial subframe can not only improve performance even though maybe marginal gain but also reduce the reservation proportion.
Observation: Introducing of multiple starting positions in the DL initial partial subframe can not only improve performance gain but also reduce the reservation proportion.
Ideally, starting initial partial subframe that enabled on every OFDM symbol is an aggressive method to reduce maximum possible reserving signals duration and utilize radio time resource efficiently. However, it is a very hard work for terminals hypothesis testing on the starting symbol which seems an impossible job on practical implementation complexity. In LAA, CRS is used for terminals to detect if eNB transmitting subject to LBT is available or not. For a normal subframe CRS is delivered on symbol 0, 4, 7, and 11, therefor selecting CRS symbol as the candidate of starting initial partial subframe symbol can achieve similar detection complexity and accuracy.
The introducing of new starting symbol candidate is not a challenge on transmitting available hypothesis test. However, it may be a challenge for transmitting signals preparation. For example, on introducing of new candidate symbol 4 means if the symbol 0 attempt is blocked subject to LBT, then there is only 4 OFDM symbols time for eNB preparing next transmitting signals. In a similar way, if symbol 4 channel clear access fails, only 3 OFDM symbols time remains for re-modulation. The time includes CCA failure notification from RRH, a possible new scheduling process, rate matching, RE mapping, OFDM generation and transmitting time from BBU to RRH.
But some striving should be taken under Rel-15 which sTTI is introduced. It is a basic consensus that Rel-15 sTTI will not introduce into FeLAA. That means the design of FeLAA doesn’t depend on the physical layer process of sTTI, but the benefit of hardware structure and ability for sTTI should not preclude. This benefit may allow eNB re-modulation within 3 OFDM symbols. Besides the benefit of sTTI, multiple preparations of possible signals are another way to overcome time problem. In that way, only CCA failure notification from RRH and transmitting time from BBU to RRH are needed. Utilizing sTTI structure or multiple preparations are depended on eNB ability and if the introducing of new candidate of starting symbol will benefit system performance and cause little specific impact, it should be considered.
The candidate on starting symbol 11 is a special use case, that available symbol for PDSCH is too few for demodulation. But starting symbol not only means PDSCH scheduling but also PUSCH grant in PDCCH. The introducing of symbol 11 can increase PDCCH resources for more flexible and efficient uplink scheduling. Especially for heavy uplink load scenario, opportunity starting symbol 11 allows an earlier grant that need not wait for the next slot as in LAA. Since uplink ending symbol 6 is introduced, downlink starting symbol 11 following uplink ending symbol 6 gives a more efficient way for uplink grant or HARQ process. In this way, the next subframe can be granted for an uplink transmitting as the needed downlink control information is transmitted at the current subframe when starting symbol 11 used. Besides, even if the demodulation and decoding are not correct on starting symbol 11, it also brings advantage of the useful soft combining information for HARQ instead of just useless reservation signals. So we propose to consider the candidate on starting symbol 11, eNB can decide transmitting uplink grant only, transmitting PDSCH additionally, or not transmitting. If benefit can be achieved on some use case, we should further study the impact of specific and implement.
Proposal: Both symbol 4 and symbol 11 are introduced as new candidate starting positions in the DL initial partial subframe.

3 Conclusion
In this contribution, we provided our views on the introducing of multiple starting positions in the DL initial partial subframe, and we observe and propose that:
Observation: Introducing of multiple starting positions in the DL initial partial subframe can not only improve performance gain but also reduce the reservation proportion.
Proposal: Both symbol 4 and symbol 11 are introduced as new candidate starting positions in the DL initial partial subframe.
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