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In this contribution, we discuss different options that could be considered for accessing unlicensed spectrum for LAA uplink transmissions. 
Discussion
Frame based or load based LBT for uplink transmission:
We discussed in our companion contribution [1] that the load-based CCA procedure is not only very similar to the Wi-Fi physical medium sensing procedure but also provides flexible spectrum utilization and adaptability to traffic load. Therefore it is recommended to design the LBT procedure for LAA based on the load-based procedure both for UL and DL transmission. Focusing more on the uplink, the frame based LBT may appear to benefit the UE with power saving and reduced complexity due to the fixed CCA time. However, the load based LBT is also capable of providing such benefits without compromising transmission efficiency due to its flexibility in accessing the channel as opposed to the frame based LBT procedure with its rigid structure. 
The fact that the UE is aware of its uplink grant 4ms prior to its corresponding scheduled subframe provides enough time for the UE to choose a reasonable starting point of CCA.  Also having the load based LBT approach does not impose unnecessary constraints on the eNB to schedule the UEs for the uplink traffic with consideration to the CCA time as a function of the total transmission duration depending on the number of subframes the UE is scheduled for as in the case of the frame based approach. The load based LBT provides more flexibility in the scheduler to better adapt to uplink traffic load by making the start points of CCA more flexible. Moreover, UE power saving can be achieved by allowing defer periods in channel sensing when the medium is observed to be occupied. For example a UE that is scheduled for two consecutive subframes, starts CCA close to the subframe boundary of the first scheduled subframe. If it fails to succeed in load based LBT for that subframe, the UE can defer and continue sensing close to the next subframe boundary and save power. Note that introducing defer periods can also ensure better coexistence with Wi-Fi as discussed in [1]. Based on the discussion above we propose the following: 
Proposal:
· When an LBT procedure is used for uplink transmission in LAA, ETSI rules defined for Load Based Equipment should be considered as a starting point.
Mandatory or optional LBT for uplink transmission:
In the previous RAN1 meeting there have been discussions regarding enforcing LBT when it comes to uplink transmissions in LAA. Therefore we try to analyze here different potential alternatives.
The default approach is that each UE has to perform LBT to be permitted for its uplink transmission. Although this approach seems reasonable regarding the basic principles of accessing the unlicensed band, there might be possibilities to relax some of the requirements on UEs to perform LBT prior to uplink transmission without resulting in any unfair exploitation of the unlicensed channel with respect to other transmitting nodes. For example, the number of UEs doing LBT can be probably reduced in a group of UEs that are located close enough to each other and experience similar observed interference. The possible advantages could be improved UE power saving and possibly more efficient transmission by avoiding unnecessary LBT attempts. Moreover, there have been further discussions on relaxing all the UEs on performing LBT for example by sharing the corresponding eNB channel access for uplink transmissions [2][3][4]..
Considering the discussion above, it seems that all three approaches could be reasonable depending on the deployment scenarios. Therefore we make the following observation:
Observation:
· The LBT attempts at UE for LAA uplink transmissions could be considered mandatory for all UEs, optional for some of the UEs or not required for any of the UEs.
· Each of the three alternatives differently impacts UE power saving and transmission efficiency.
Finally, we propose the following:
Proposal:
· Further study and coexistence evaluations could be considered to determine the benefit of the following three alternatives for uplink LBT:
1. LBT mandatory for all UEs
2. LBT optional for some UEs
3. LBT not required for all UEs
Conclusions
In this contribution, we discussed our view on adopting frame based or load based LBT for the LAA uplink transmission. We further discussed potential alternatives for performing LBT at UE side for the LAA uplink transmission. The above discussion is summarized with the following observation and proposals:
Proposal:
· When an LBT procedure is used for uplink transmission in LAA, ETSI rules defined for Load Based Equipment should be considered as a starting point.
Observation:
· The LBT attempts at UE for LAA uplink transmissions could be considered mandatory for all UEs, optional for some of the UEs or not required for any of the UEs.
· Each of the three alternatives differently impacts UE power saving and transmission efficiency.
Proposal:
· Further study and coexistence evaluations could be considered to determine the benefit of the following three alternatives for uplink LBT:
1. LBT mandatory for all UEs
2. LBT optional for some UEs
3. LBT not required for any of the UEs
[bookmark: _Ref363567898][bookmark: _Ref367350341][bookmark: _Ref370111837][bookmark: _Ref370203071][bookmark: _Ref377571746][bookmark: _Ref386564944][bookmark: _Ref386565146][bookmark: _Ref395083208]References
[bookmark: _Ref410223102][bookmark: _Ref410136434]R1-150584 Further details on LBT for LAA; Ericsson
[bookmark: _Ref410223107]R1-144905 Further regulation issues for LAA; LG Electronics
[bookmark: _Ref410136436]R1-144901 Carrier selection and other coexistence methods; LG Electronics
[bookmark: _Ref410217991]Section 9.25 “Reverse Direction Protocol” IEEE Std 802.11-2012, Part II: Wireless LAN MAC and PHY Specifications


