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1. Introduction

In RAN Plenary #70 meeting, a new WI eLAA was approved and in RAN1 #84 meeting, following agreements were made [1].

Agreements:

· For eLAA, flexible timing between UL grant and UL transmission is supported

· For the details of UL grant(s) for a UE in a subframe enabling PUSCH transmission for the UE in multiple subframes in LAA SCell, at least the following options are considered

· Option 1) Single UL grant in a subframe for a UE can schedule N (N(1) PUSCH transmissions for the UE in N subframes with single PUSCH per subframe
· FFS: N is consecutive or non-consecutive
· Option 2) Single UL grant in a subframe for a UE can schedule single PUSCH transmission in a single subframe while UE can receive multiple UL grants in a subframe for PUSCH transmissions in different subframes

· Option 3) Single UL grant in a subframe for a UE can enable the UE to transmit single PUSCH transmission  among one of the multiple subframes depending on UL LBT result

· FFS: Two stage grants. A common semi-persistent grant provides high level information (e.g. RB allocation, MCS etc.) and a second grant in a subframe for a UE can schedule PUSCH transmissions following options 1 and 2 for certain UL subframes.

Agreement:

· For UL transmission in eLAA Scells, flexible timing between the subframe carrying the UL grant and subframe(s) of the corresponding PUSCH(s) is supported

· Working assumption: The minimum latency is 4ms

Agreement:

· In Rel-14 LAA, UL grant(s) for a UE in a subframe can enable PUSCH transmission for the UE in multiple subframes in LAA SCell for both cross-cc scheduling case and self-scheduling case.
· FFS: Detail
In this contribution we would like to look at a few issues related to UL transmission burst over multiple carriers concerning the latest RAN1 agreements and mainly focus on enhancements to support a more flexible carrier selection procedure at UE side to increase UL spectrum resource efficiency.
2. Discussion
In the conventional operation, the eNB is responsible to select and reselect a carrier from long term basis, and a carrier can be added as a SCell using RRC signalling. The RRC configuration latency and MAC activation/deactivation latency are in the order of hundreds of ms and tens of ms respectively, which we consider too long to handle the quick variations in unlicensed band channel utilization due to the discontinuous transmission. 
Besides,  UL transmission burst(s) is/are under eNB’s scheduling and when eNB makes UL grant(s), it can’t completely capture and estimate the interference situation in the coming slot(s) when UE(s) performing the LBT procedure before PUSCH transmission(s). 

If fast carrier selection were not supported at UE side, it would be of great probability that UL resources over unlicensed band would not be utilized efficiently either due to UE not receiving valid UL grant(s) or sensing the channel busy before PUSCH transmission(s).
Therefore, it is beneficial to make the following enhancements in order to make efficient UL resource utilization and meanwhile comply with the current regulation rules over unlicensed band.
Based on the above analysis, we give following proposal:
Proposal 1: Allow the number of configured carriers for a specific UE to exceed the UE capability of simultaneous data transmission for the purpose to support fast carrier selection at UE side.

It is fairly obvious that new RRC signalling needs to be enhanced and potential L1 signalling needs to be introduced. And three alternatives can be considered to support fast carrier selection at UE side. We would suggest the following to be discussed, for selecting one of the two alternatives.
Alternative 1: 

One potential solution to support the “fast carrier selection” is via L1 signalling plus measured RSSI and Channel Occupancy. For the procedure of Alternative 1, RRC will set up multiple carriers for the UE to be prepared to use, , considering the eNB measurements and possibly UE reported RSSI and Channel Occupancy, and then L1 signalling explicitly indicating  the actual channel used in the coming multiple SFs. Such a mechanism allows the eNB scheduler to react more quickly to the unpredictable interference on LAA carriers and hence increases the UL resource utilization probability compared with the conventional design such as just relying on RRC measurement reporting. Based on this alternative, we give following proposal:
Proposal: Using the L1 scheduling to determine the dynamic usage of the configured component carriers to transmit PUSCH in the coming multiple SFs 
Alternative 2:
Another potential solution to support the “fast carrier selection” is via L1 signalling plus measured Energy Detection status.   It is proposed that the type of channel access procedure, e.g. Cat 2 or Cat 4 UE(s) utilize to get access to the channel is configured by eNB. For the procedure of Alternative 2, RRC will configure the UE(s) which carriers UE(s) need to monitor and which kind of LBT UE(s) will utilize on each configured carrier and then UE(s) record and report to eNB the LBT results periodically or event triggered. 
After eNB receiving this kind of information, L1 signalling will further indicate which carrier to be used in the coming multiple SFs. Such a mechanism also allows eNB to react more rapidly to the unpredictable interference on LAA carriers, and to some extent, guarantees that UE(s) can perform a successful LBT before PUSCH transmission(s)and hence increases the UL resource utilization probability. 
Based on this alternative, we give following proposals:
Proposal: eNB configures on which carriers need to be monitored and which kind of LBT procedure will be utilized on each configured carrier.
Proposal: UE(s) report the energy detection results such as successful rate performed on each configured carriers periodically or event triggered.

Following table illustrates the pros and cons of each alternative. Again, we would suggest them to be discussed, for selecting one of the two alternatives.
	
	Feature
	Pros 
	Cons

	Alt 1
	· RRC setting up multiple carriers for the UE to be prepared to use.
· L1 signalling indicating which carrier to be utilized concerning to UE reported RSSI and Channel Occupancy.
	· RSSI and Channel Occupancy report has been specified in Rel-13 LAA.

· eNB making the UL grant(s) more adaptive to capture the interference status over unlicensed band.

· UE may just perform the LBT procedure on the carrier(s) on which UE having a valid UL grant.
	· L3 configuring multiple carriers to be prepared to use.

· Adding additional signalling to L1.

· This alternative can only capture the interference status at the time when eNB making the UL grant(s), but cannot capture the interference situation when UE performing the LBT because of the flexible timing between SF carrying UL grant and PUSCH transmission(s).

	Alt 2
	· RRC setting up multiple carriers for the UE to be prepared to use, to monitor and to perform the LBT procedure
· UE reporting to the eNB the ED status such as the successful rate.

· L1 signalling indicating which carrier to be utilized in the coming multiple SFs concerning to the ED status report.
	· UE need to perform LBT procedure over multiple carriers and some of them may not be used.
· This alternative can provide to eNB the information that whether UE suffering hidden node problem on a specific frequency range.
	· L3 configuring multiple carriers to be prepared to use, to be monitored and to be performed LBT on. 

· Adding additional signalling to L1.

· UE reporting the Energy detection results periodically or event triggered which adding additional control signalling overhead.


3. Conclusion 
In his contribution we have looked at several issues related to UL transmission burst over multiple carriers and consequently suggest the following enhancements be considered in the Rel-14 eLAA WI phase:
Proposal 1: Allow the number of configured carriers for a specific UE to exceed the UE capability of simultaneous data transmission for the purpose to support fast carrier selection at UE side.
In addition we suggest that the following alternatives for UL carrier selection should be further discussed.
Proposal 2: The following should be considered for UL carrier selection: 
a) Using the L1 scheduling to determine the dynamic usage of the configured component carriers to transmit PUSCH in the coming multiple SFs.

b) eNB configures on which carriers need to be monitored and which kind of LBT procedure will be utilized on each configured carrier.

c) UE(s) report the energy detection results such as successful rate performed on each configured carriers periodically or event triggered.
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