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1 Introduction

In RAN #65 meeting, a new SI on Licensed-Assisted Access (LAA) was approved [1]. RAN1 began the study with the investigation on functionalities to fulfill the regulatory requirements. Then, in RAN1 #79 and RAN1 #80 meeting, RAN1 preliminarily discussed PHY layer candidate solutions for DL transmission. Besides, RAN1 continued the discussion on remaining details of deployment scenarios and evaluation methodology. Substantial progress has been made [2][3]. Considering limited time left for LAA SI, it is desirable to prioritize DL-only in Rel-13 SI. Meanwhile, it would be beneficial to also consider a future-proof design of both UL and DL to ensure that DL-only and DL+UL LAA designs are compatible. In the companion contributions [4], our consideration on LBT mechanism for LAA UL is provided. In this contribution, we discuss regulatory issues as well as the efficiency for LAA UL.
2 Discussion  
2.1 Occupied channel bandwidth

According to ETSI regulation, the Occupied Channel Bandwidth, defined to be the bandwidth containing 99% of the power of the signal, shall be between 80% and 100% of the declared Nominal Channel Bandwidth. However, meeting the requirement would need close to full UL bandwidth transmission by the UE. This can result in significant loss of UE power efficiency as well as system spectral efficiency (especially for Nominal Channel Bandwidth of 20MHz) since UL control/data typically does not require a large number of resource blocks and multi-user multiplexing in the same subframe cannot be performed. 
On the other hand, it is also possible to define the Nominal Channel Bandwidth to be the minimum bandwidth of 5MHz as specified by ETSI and consider a 20MHz system bandwidth as four adjacent channels (each with 5MHz bandwidth), which is also allowed by ETSI. In this case the requirement is that at least 5MHz signals should be transmitted by a UE in a subframe. 
In any case, further study is required on ways to meet the occupied channel bandwidth requirement by ETSI.
Observation 1: 
· Meeting the Occupied Channel Bandwidth requirement for UL by nearly full UL bandwidth transmission (especially for Nominal Channel Bandwidth of 20MHz) will result in significant loss of UE power efficiency as well as system spectral efficiency. 
· Further study is required on ways to meet the occupied channel bandwidth requirement by ETSI.
2.2 Efficient UL transmission/reception  
As required by the regulation for certain regions, e.g. Europe, carrier sensing should be performed at the transmitter side before any transmission to achieve sufficient co-existence between multiple systems. Thus, at least CCA at UE side should be supported for the UL transmission in unlicensed band [4]. One undesirable by-product of CCA at the UE side is the potential waste of UL resource. Because the UE and eNB are in different locations, it is probably that the interference observed at the eNB side is different from that observed at the UE side. Furthermore, considering the latency between UL grant and UL transmission, it is also possible that the observed interference in UL grant subframe has already changed before UL transmission. Consequently, the mismatch between eNB scheduling and the CCA result at the UE side would lead to frequently UL transmission dropping. The UL transmission efficiency would be poor especially in high load case. 
Enhancements to increase the transmission opportunities should be considered.  Considering LTE is a network-centric system, it may not be desirable to support complete UE autonomous UL transmission. Thus, restricted UE autonomous UL transmission behaviour as configured by the network could be considered, e.g. UL transmission with reduced power instead of dropping or backing off. As discussed in [5], the allowed maximum transmission power could vary correspondingly with detected energy level by CCA. UE may adjust its transmission power according to the detected interference within the range configured by eNB. Another example is that UE may be allowed to try to access the channel for multiple UL subframes before dropping. Meanwhile, it would be beneficial if eNB could properly control the UL power to increase the UL transmission opportunity as well as conduct efficient adaptive UL scheduling. Therefore, the assistance information of interference perceived at the UE side to eNB may be helpful.

Furthermore, the uncertainty of UL transmission would have impact on eNB behaviour, e.g. the eNB would have to blindly detect whether the scheduled PUSCH is transmitted or not. Besides, eNB has no clear idea whether UE misses the UL grant or UE drops the PUSCH due to occupied channel, which makes it difficult for eNB to make a proper link adaptation for UL grant. Thus, it is beneficial to provide scheduled PUSCH transmission status to eNB. 

Observation 2: The uncertainty of UL transmission would degrade scheduling efficiency and increase the detection complexity at eNB side.  
Proposal 1: Enhancements could be considered to increase the UL transmission opportunities, e.g. UL transmission with reduced power, or multiple channel access attempts before dropping UL transmission. 
Proposal 2: The assistance information by UE may be helpful to improve the scheduling efficiency and reduce the detection complexity at eNB side.
2.3 UL HARQ Procedure
Unlike asynchronous DL HARQ, the time relations between PUSCH, UL ACK/NACK and retransmitted PUSCH is fixed for synchronous UL HARQ. The required discontinuous transmission on a carrier with limited maximum transmission duration, which could suspend either ACK/NACK or UL retransmission. As a result, synchronous UL HARQ procedure may not be possible. 
If the cross-carrier scheduling is supported, PHICH or UL grant for retransmission can be transmitted on cells in licensed band to guarantee the fixed time relation, e.g. on Pcell. If the PDCCH capacity on licensed band or PHICH collision probability is a problem (e.g. PCell can be a macro cell or the number of CCs in unlicensed band could be larger than 4), self-scheduling on LAA carriers would be needed. Furthermore, the rule that PHICH is only transmitted on the DL CC that was used to transmit the UL grant may need modification. 
For PUSCH retransmission, it may be beneficial to consider more flexible retransmission schemes, e.g. continue the incomplete HARQ processes on Pcell or another LAA cell to alleviate the impact of prolonged latency.

In our view, discussions should first take place on whether synchronous HARQ and non-adaptive retransmission is suitable for LAA uplink. 

Observation 3: Synchronous UL HARQ procedure may not be possible due to discontinuous transmission in unlicensed band.

 Proposal 3: Discussions should first take place on whether synchronous HARQ and non-adaptive retransmission is suitable for LAA uplink.
2.4 PRACH and SRS 
Random access procedure is used to acquire uplink timing synchronization. In LAA scenarios identified so far, UL CCs on licensed band and unlicensed band could belong to different TAGs, e.g. non-co-located scenario. Thus, a separate random access procedure on unlicensed band would be required. According to current procedure, UE shall transmit PRACH in the first subframe 
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, where a PRACH resource is available, if a random access procedure is initiated by a PDCCH order in subframe n. However, if LBT is applied, PRACH transmission on the unlicensed UL CC scheduled by the PDCCH order in subframe 
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could not be guaranteed. Consequently, the whole random access procedure will be delayed. And even worse, potential UL transmissions on all UL CCs within the same sTAG would be delayed. Therefore, it is necessary to study the mechanism to reduce the undesirable delay of uplink timing acquisition introduced by LBT.    
SRS is used to facilitate adaptive scheduling as well as to maintain UL timing. To enable efficient UL transmission on unlicensed band, SRS should be supported. With LBT, SRS transmission shall be dropped if the channel is occupied. The method to increase the SRS transmission opportunity would be worth studying. 
Proposal 4: The mechanism to reduce random access procedure and sounding delay needs study if LBT is required for PRACH and SRS transmission. 
2.5 UCI transmission  
According to current CA framework, uplink control information by PUCCH is only transmitted on Pcell, which should be on licensed band. The on-going new WI of CA [6] investigates larger number of aggregated CCs up to 32 and also the extension of PUCCH on Scell(s). With such large number of CCs, UL capacity would be a bottleneck if PUCCH is only supported on licensed band. However, due to the uncertainty of UL transmission on unlicensed band, the UCI could not be guaranteed which degrades the DL spectrum efficiency. UCI transmission piggybacked on the PUSCH suffers similar uncertainty. Therefore, it is necessary to discuss whether to support UCI transmission on unlicensed band taking UL control channel capacity and DL performance degradation into account. If UCI transmission is supported on unlicensed band, new mechanism to guarantee the UCI transmission efficiency should be studied.
Proposal 5: Discussion on whether to support UCI transmission on unlicensed band should take UL control channel capacity and DL performance degradation into account. 
3 Conclusions
Based on the discussion above, we have the following observations and proposals:

Observation 1: 
· Meeting the Occupied Channel Bandwidth requirement for UL by nearly full UL bandwidth transmission (especially for Nominal Channel Bandwidth of 20MHz) will result in significant loss of UE power efficiency as well as system spectral efficiency. 
· Further study is required on ways to meet the occupied channel bandwidth requirement by ETSI.
Observation 2: The uncertainty of UL transmission would degrade scheduling efficiency and increase the detection complexity at eNB side.  
Observation 3: Synchronous UL HARQ procedure may not be possible due to discontinuous transmission in unlicensed band.
Proposal 1: Enhancements could be considered to increase the UL transmission opportunities, e.g. UL transmission with reduced power, or multiple channel access attempts before dropping UL transmission. 
Proposal 2: The assistance information by UE may be helpful to improve the scheduling efficiency and reduce the detection complexity at eNB side.
Proposal 3: Discussions should first take place on whether synchronous HARQ and non-adaptive retransmission is suitable for LAA uplink.
Proposal 4: The mechanism to reduce random access procedure and sounding delay needs study if LBT is required for PRACH and SRS transmission. 
Proposal 5: Discussion on whether to support UCI transmission on unlicensed band should take UL control channel capacity and DL performance degradation into account.
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