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The main objective of the WID on eLAA [1] is to specify UL support for LAA SCell operation in unlicensed spectrum. Part of the objective of the WI on enhanced LAA (eLAA) is to specify support for the following functionalities:
· UL carrier aggregation for LAA SCell(s) (with one or more UL carriers in unlicensed band) using Frame Structure type 3 [RAN1, RAN2, RAN4]
· The channel access mechanism shall use the decisions made in RAN1 during Rel-13 as a starting point
· Specify support for PUSCH and SRS
In our companion contribution [2] we discussed our views on the UL channel access mechanism. In this contribution we focus on the channel access procedure aspects that potentially impact PUSCH and SRS design.
Discussions
In [2], we discussed our views on channel access procedures for UL transmissions and proposed that LAA should support not only Category 4 based channel access schemes  but also LBT schemes based on a CCA of at least 25 µs. Moreover we discussed in another companion contribution [3] that it is beneficial to support coordinated UL channel access to enhance system efficiency. As discussed in [3], in order to maximize the multi-user multiplexing gain, the eNB can coordinate the channel access time of the scheduled UEs. One example is that the UEs perform CCA of 25 µs prior to the scheduled time for transmission. Another case is that the scheduled UEs are instructed to start Category 4 LBT at the same time using the same random back off counter to increase their chances of simultaneously accessing the channel. 
However the LAA design should be flexible enough to allow either eNB or UE to control the LBT parameters such as starting or ending time of LBT procedure that can depend on the load, deployment scenario, management complexity, etc. Therefore in general the time spent for the UL channel access operation can vary but due to scheduled transmissions it is limited. In that respect it is important to understand when the CCA time interval overlaps with the PUSCH time interval, what is the best occasion for the overlap to occur? More precisely, is it preferable for the CCA time interval to overlap at the beginning or the end of the PUSCH subframe?
In order to reduce the impact on the UL throughput we assume that at most only one DFT-SC OFDM symbol can be considered for CCA purpose and that leads to the two following options:
· Option 1: CCA during the 1st  DFTS-SC OFDM symbol of the subframe
· In case of successful LBT, PUSCH transmission for the scheduled UE starts at 2nd symbol of the current subframe
· Option 2: CCA during the last DFTS-SC OFDM symbol before the subframe boundary
· In case of successful LBT, PUSCH transmission for the scheduled UE starts at 1st symbol of the next subframe
In our view the first option is preferable for at least the following reasons:
· Self-contained subframe in terms of LBT and granted transmission
In this manner an UL subframe would be self-contained in terms of both CCA and the possible PUSCH transmission without requiring any dependency on previous subframes. Consider the following cases for two consecutive transmission bursts by two LAA nodes (eNB and UE or two UEs) which clearly highlights the strength of option 1 over option 2:
· Full DL subframe followed by UL subframe
· If the previous subframe is a full DL subframe, the next subframe can be scheduled for UL without any impact on the DL subframe with option 1. In this case the UE can perform LBT at the beginning of the scheduled subframe for accessing the channel without affecting the previous DL transmission. In case of option 2, either the eNB cannot schedule an UL subframe immediately after a full DL subframe or the previous DL subframe should always be an ending partial subframe for allowing UL transmission in the next subframe.
· Partial DL subframe followed by UL subframe
· In this case both options are possible.
· Consecutive UL transmissions
· Option 1 can operate based on being self-contained on a subframe basis. However signalling is needed to facilitate option 2 to inform the UE to puncture the last symbol, in order to allow the scheduled UE for the next subframe to contend for access to the channel. 
· UL transmission followed by DL transmission
· It can be argued that option 2 facilitates DL transmission at the subframe boundary following a UL transmission by puncturing the last symbol of the UL transmission for eNB LBT operation while it is not possible with option 1. With option 1, the following DL PDSCH transmission can start only at the slot boundary. It is important to note that typical DL transmissions are dominated by best effort traffic. In this case, the channel access priority class 3 is used with defer period of 43µs and {CWmin, CWmax} = {15,63}. Therefore only a random back off number of maximum 3 can guarantee PDSCH transmission starting at the subframe boundary if the channel is sensed to be idle. Apparently such an event is not a highly probable event and the eNB would eventually, in the most likely case, start the PDSCH transmission at the slot boundary of the subframe, which is similar to option 1. 
· Minimizing specification impact
The last symbol in the uplink subframe can be used for SRS transmission. In our companion paper [4] we discuss in details our view on SRS transmissions for LAA operation in unlicensed spectrum. There we highlight that we are in favour of aperiodic SRS by scheduled UEs to avoid double LBT operations for SRS and PUSCH. With such operation there is no need to change the SRS location, which reduces changes in the specifications. In contrast, it is apparent that option 2 will require significant changes to SRS transmission. Hence we prefer the SRS transmission follows the PUSCH transmission in a subframe as in previous releases.


Based on the above discussion and analysis we see significant advantages with CCA option 1 and propose the following:
Proposal:
· Among the DFT-S OFDM symbols of a scheduled UL subframe, the first symbol can be used by a scheduled UE for the purpose of LBT operation.  
Conclusion
In this contribution we discussed our views on the aspects of channel access that potentially impact the PUSCH and SRS design. We propose the following which ensures a self-contained design without requiring extra signaling and impact on SRS occasions:  

Proposal:
· Among the DFT-S OFDM symbols of a scheduled UL subframe, the first symbol can be used by a scheduled UE for the purpose of LBT operation.  
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