Page 4
Draft prETS 300 ???: Month YYYY
[bookmark: OLE_LINK1][bookmark: OLE_LINK2][bookmark: _GoBack]3GPP TSG RAN WG1 Meeting #84                                                        	R1-161000
St. Julian’s, Malta, 15th – 19th February 2016

Source: 	Ericsson
[bookmark: Title]Title:	On Coordinated UL Channel Access for Enhanced LAA
Agenda Item:	7.3.1.5
Document for:	Discussion and Decision
[bookmark: _Ref298777854]Introduction
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
In our companion contribution [2] we discussed our views on the UL channel access mechanism. In this contribution we describe the benefits of a coordinated UL channel access mechanism and the functionalities needed to be specified to enable this feature. 
Discussion
LTE is a scheduled system where UL transmissions are controlled by the eNB such that no transmission by any UE occurs unless it is granted and permitted by the eNB. 
Moreover, multi-user multiplexing is a key feature for performance efficiency of LTE where multiple users can simultaneously be served in a single subframe. Utilizing this feature in LAA for operation in unlicensed spectrum has considerable importance, since by serving multiple UEs simultaneously the system operates more effectively and consequently unlicensed spectrum is utilized more efficiently. This is aligned with the requirements for proper operation in unlicensed spectrum. 
On the other hand, LAA UL transmissions are in general subject to LBT. For a group of UEs scheduled by the same eNB for a given subframe, earlier access of any of those UEs may be perceived as interference by the other scheduled UEs and results in their abandoning the corresponding granted UL transmissions due to failed LBT attempts. This scenario can happen if the concurrently scheduled UEs are located such that the transmission by one would interfere with another one. In this case if the eNB schedules these UEs simultaneously, this would most probably result in transmission failure and hence improper operation of eNB for wasting the spectrum. Based on the above analysis and discussion we make the following observation and conclusion:
Observation:
· Uncoordinated access to the unlicensed spectrum for concurrently scheduled UEs impacts multi-user multiplexing capability of LAA and hence the efficient usage of unlicensed spectrum.
Conclusion:
· Coordinated channel access among concurrently scheduled UEs should be considered to increase multi-user multiplexing gain.
Based on the design principle concluded above, it is important to increase the probability that concurrently scheduled UEs access  unlicensed spectrum simultaneously in an efficient manner to achieve the gains due to multi-user multiplexing. In other words, the eNB should be capable of techniques to at least mitigate the interference caused by its own UEs to themselves. Since the eNB is in control of all transmissions by the UEs, the eNB can as well control the channel access parameters such that the chance that all scheduled UEs for a scheduling unit can access the channel simultaneously would increase. In other words by controlling the channel access parameters the eNB is capable of avoiding situations where one of the concurrently scheduled UEs has failed to access to the channel due to transmission by another UE which is scheduled by the same eNB for the same subframe. 
In our companion contribution [2] where we discussed our views on the UL channel access mechanism we proposed to support LBT based on a CCA of at least 25 µs in addition to Cat 4 LBT for UL transmissions.  One example of concurrent transmission is that in case of CCA of at least 25 us, the UEs perform CCA of 25 µs only once and at specific time for example before the 2nd DFT-S OFDMA symbol as discussed in [3]. In this case, the concurrently scheduled UEs contend for the channel simultaneously while not interfering with each other and in the absence of other sources of interference, those UEs can access the channel and start transmission at the same time, i.e. at the 2nd symbol. Another case is where the scheduled UEs are instructed to start Cat 4 LBT at the same time using the same random back off counter to increase their chances to simultaneously access the channel. 
Whether the UEs are using Cat 4 or CCA of 25 µs as the LBT option depends on the load and scenario. Also it is important to note that 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 depending on the load, deployment scenario, management complexity, etc. All these design goals can be achieved by supporting some signalling in LAA design to inform UEs on the LBT option to be used and its corresponding parameters. Since in Rel-13 common PDDCH DCI for LAA signalling purposes is already introduced, it can be reused for signalling LBT related parameters. 
Therefore based on the above discussion we propose the following:   
Proposal:
· The LAA UL LBT parameters can be signaled via a common PDCCH DCI message to UEs. The UL LBT signaling can include at least one or more of the following:
· LBT option to use:
· LBT based on Cat 4 with value of common random backoff counter
· LBT based on 25 us CCA 
· The time instant to start/resume LBT
· The time instant to stop/freeze LBT
· Information on the maximum channel occupancy time [2]
· Note: This information is useful when UE is scheduled for subsequent subframes
· FFS on the signaling details


In our view in case of Cat 4 based LBT, the adjustment of the CWS is preferred to be done on a per UE basis using the similar methodology as agreed in Rel-13.  That means that the CWS is increased if 80% of the  UE’s UL transmission in its previous UL transmission burst have failed and it is reset otherwise. In case the eNB is controlling the LBT parameters, the CWS adjustment is performed by the eNB. In this case the eNB tracks the success of UL transmissions of UEs and adopts a conservative approach by using the largest contention window size among the scheduled UEs to draw a common random back off number. Therefore we propose:

Proposal:
· For Cat 4 based UL LBT, the CWS is updated per UE based on its corresponding failed or successful transmissions using the Rel-13 update procedure.
· For Cat 4 based UL LBT, eNB updates CWS for all UEs in case of coordinated channel access, otherwise each UE updates its corresponding CWS.
· For Cat 4 based UL LBT, in case of coordinated channel access, the eNB draws the common random back off number from the largest CWS among the scheduled UEs.

Conclusion
In this contribution we discussed the benefits of a coordinated UL channel access mechanism and the functionalities needed to be specified to enable this feature Based on the discussion we proposed the following: 
Proposals:
· The LAA UL LBT parameters can be signaled via a common PDCCH DCI message to UEs. The UL LBT signaling can include at least one or more of the following:
· LBT option to use:
· LBT based on Cat 4 with value of common random backoff counter
· LBT based on 25 us CCA 
· The time instant to start/resume LBT
· The time instant to stop/freeze LBT
· Information on the maximum channel occupancy time [2]
· Note: This information is useful when UE is scheduled for subsequent subframes
· FFS on the signaling details

· For Cat 4 based UL LBT, the CWS is updated per UE based on its corresponding failed or successful transmissions using the Rel-13 update procedure.
· For Cat 4 based UL LBT, eNB updates CWS for all UEs in case of coordinated channel access, otherwise each UE updates its corresponding CWS.
· For Cat 4 based UL LBT, in case of coordinated channel access, the eNB draws the common random back off number from the largest CWS among the scheduled UEs.
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