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1 Introduction

In RAN #65 meeting, a new SI on Licensed-Assisted Access (LAA) was approved [1]. Considering limited time left for LAA SI, it is desirable to prioritize DL-only in Rel-13 SI. In recent RAN1 LAA Adhoc meeting, there has been extensive discussion on PHY layer candidate solutions for DL-only transmission and the great progress has been achieved [2]. Meanwhile, RAN1 preliminarily discussed solutions for UL+DL transmission to ensure compatible design for both UL+DL and DL-only scenario. The following has been agreed for LAA UL,
· Asynchronous UL HARQ
· Recommend to support asynchronous UL HARQ for UL LAA operation
· Rapporteur shall capture the above agreement in TR
· Target the support of UL multiplexing of multiple UEs in one subframe by
· Multiplexing in frequency domain
· The supported resource assignment (e.g. number and location of allocated RBs) is FFS
· Multiplexing by MU-MIMO

In this contribution, we discuss the remaining issues of 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, taking into account as well the recent RAN1 agreement to target support of UL multiplexing of multiple UEs in one subframe by multiplexing in frequency domain and multiplexing by MU-MIMO.
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, taking into account as well the recent RAN1 agreement to target support of UL multiplexing of multiple UEs in one subframe by multiplexing in frequency domain and multiplexing by MU-MIMO.
2.2 Channel access mechanism

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, it seems straightforward to support carrier sensing at the UE side. Some companies proposed that it would be possible that only eNB performs CCA  and UE could just transmit UL signals in the scheduled subframe. The potential risk is the collision between UE and its nearby nodes if the interference perceived at the eNB side is not aligned with that at the UE side. Further evaluations are required to study such interference mismatch problem and its impact on fair coexistence with Wifi.  Even in the case of same interferer sensed by the eNB and UE at the same time, the interference in downlink subframe transmitting UL grant could still be different from the scheduled UL subframe, which is 4 ms later. Because other nodes could access the channel in these 4 ms, unless the eNB could hold the channel for the UE by transmitting reservation signals until UE transmits. The overhead of the reservation signal is not negligible especially in the case of small maximum channel occupancy time. Therefore, at least CCA at UE side should be supported for the UL transmission in unlicensed band, while other options could be studied.
Observation 2: Further evaluations are needed to study the impact of interference misalignment between eNB and UE on fair coexistence with Wifi. 
Proposal 1: At least UE side CCA is required for UL transmission in unlicensed band while other options could be studied. 
2.2.1 FBE or LBE

Two channel access mechanisms defined by ETS, i.e. FBE (Frame Based Equipment) and LBE (Load Based Equipment), are considered for LAA. Briefly, LBE may show a higher channel access probability than FBE since LBE can perform an extended CCA check if an initial CCA check is not passed. However, a channel reservation signal that holds an operating channel until the upcoming LAA-LTE subframe boundary is required in case of LBE. From the perspective of Wi-Fi, FBE can be seen as a better neighbor than LBE since FBE has a smaller number of channel access opportunities that are limited by a fixed frame duration.
In case of the DL only scenario, either FBE or LBE that shows better performance with respect to throughput and/or coexistence can be selected as a channel access mechanism for LAA-LTE. However, in case of the both UL and DL transmission scenario, additional aspects that are raised by the UL transmission of UEs should be carefully taken into account.
One aspect is the fixed timing between UL grant and UL transmission. LTE is a network-centric system. UE could transmit PUSCH in the corresponding subframe only if UE receives UL grant from eNB in a certain subframe. It would be desirable to keep such fixed timing and restrict the transmission starting point at the subframe boundary for UL LAA. FBE could naturally work well, while some modification is needed for LBE. Unlike LBE for DL, UL transmission based on LBE may only allow UE to randomly start eCCA, but could start UL transmission only at the scheduled subframe boundary except the reservation signal, e.g. 4ms after UL grant subframe. For LBE, it has been suggested in [3] that 4ms is sufficient time for the UE to choose a reasonable starting point of CCA; however it seems not easy for a UE to do within limited UL grant delay (4ms, even smaller if the UL grant delay is reduced).  On the one hand, UE will not be able to transmit UL if it starts CCA too late that there will be not enough time to finish the eCCA procedure before the scheduled subframe. On the other hand, the overhead of reservation signal will be quite large if UE starts CCA too early and quickly access the channel. Then, the maximum length of data transmission could be dramatically reduced in the case of 4ms maximum occupancy time because the reservation signal is also part of occupancy time. 

Another aspect is the potential inter-user blocking. UL multiplexing of multiple UEs in one subframe should be supported per the agreement. Unfortunately, in the case of LBE, the channel reservation signal transmitted by a UE at an arbitrary time may prevent other UEs who still perform CCA from accessing the channel. On the other hand, inter-user blocking in the same cell could be avoided by FBE wherein all UEs served by the same cell perform CCA at the same time instances. Existing multi-user multiplexing operation by FDM or SDM could be easily achieved. Nevertheless, the blocking issue between UEs served by asynchronous cells may still occur for FBE, such as multi-operator deployment. To alleviate such successive blocking, cell-specific variable starting point of UL transmission could be introduced. 
Observation 3: When we discuss the channel access mechanism for UL LAA, the characteristics of FBE and LBE with respect to channel access probability, coexistence and additional aspects raised by the UL transmission should be taken into account. 

Proposal 2: For both FBE and LBE, it may be necessary to enhance the CCA mechanism to support multi-user multiplexing in one subframe for both synchronous and asynchronous deployment.  
2.2.2 Frame structure
When both DL and UL transmission is supported in unlicensed band, it is likely that UL and DL is multiplexed by TDM. Existing TDD frame structure with DL/UL subframes and special subframes could be the starting point, but it needs to be modified taken into the unlicensed band specific feature.   

· Flexible UL/DL duration

To support UL/DL traffic adaption, it is desirable to support flexible UL/DL configuration. For example, the duration of continuous UL subframes could be changeable according to the traffic, e.g. subframes not scheduled for UL transmission in the fixed frame period could be used for DL. eNB could dynamically signal the flexible UL/DL duration to all UEs. 
· Continuous DL and UL subframes 

If CCA should be separately performed for DL and UL transmission, i.e. CCA by eNB for DL and CCA by UE for UL transmission, it is desirable to continuously occupy the channel as long as possible within one channel occupancy time for either DL or UL, and avoid unnecessary switch between DL and UL transmission. Thus, longer D2U/U2D switch-point periodicity is preferable, e.g. 10ms.  
· Reserved time for CCA for DL/UL
To avoid interference from eNB when UE performs CCA, there should be a gap between the end of DL transmission and the start of UL CCA period. Similarly, there also should be a gap between the end of UL transmission and the start of DL CCA period.  Meanwhile, Rx/Tx switching time should be reserved as well. For UL transmission, proper GP configuration in special subframe could provide sufficient room for both CCA period and Rx/Tx switching at the UE side. For DL transmission, additional gap should be introduced in addition to timing advance for TDD system which takes Rx/Tx switching time into account (20us) to incorporate both CCA period and Rx/Tx switching at the eNB side. Either reserving some samples at the beginning of DL subframe or shortening UL subframes, such as further extending TA or puncturing some samples at the end of UL subframes, could be considered.
· Combination of FBE and LBE for DL/UL TDD frame structure
Different channel access mechanisms (i.e., FBE and LBE) show different characteristics. Especially, if we consider that multiple UEs perform UL transmission simultaneously in a UL subframe while only a single node (i.e., eNB) performs DL transmission in a DL subframe, it is possible that each of DL and UL will prefer to be designed by different channel access mechanisms. In this context, combining different channel access mechanisms can be one of possible options when we design a DL/UL TDD frame structure of LAA-LTE.
Besides, in the case of FBE for UL, whether single CCA slot is required for a UL burst or multiple CCA slots are required need further investigation. With single CCA slot before the UL burst as shown in fig 1, all UEs to be scheduled in the same UL burst should be scheduled from the first UL subframe in adjacent to UL CCA period, otherwise, the channel could be grabbed by other devices in subframes between CCA period and first transmitting UL subframes. To support more flexible UL scheduling, shorter fixed frame period could be considered at the cost of a larger overhead reserved for idle period/CCA. Hence, there would be multiple CCA slots in one UL burst.
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Figure 1 Example of TDD frame structure based on hybrid LBE (DL) and FBE (UL)
Proposal 3: DL/UL TDD frame structure of LAA-LTE should be designed taking both TDD feature and unlicensed band specific feature into account.
2.3 Other issues for efficient UL transmission/reception   
As is discussed in section 2.1, CCA results at the eNB and UE side would be different which 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 [4], 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 4: The uncertainty of UL transmission would degrade scheduling efficiency and increase the detection complexity at eNB side.  
As agreed in LAA ad hoc in Paris, asynchronous HARQ procedure will be used for UL transmission. To support asynchronous HARQ, the information such as HARQ process number should be added into the UL grant. Besides, it seems unnecessary to support ACK/NACK indication by PHICH at least for the case of self-scheduling due to the discontinuous transmission. Furthermore, 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.

Observation 5: It may be beneficial to allow HARQ retransmission on a carrier different from the initial transmission. 
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. 
Observation 6: The mechanism to reduce random access procedure and sounding delay needs study. 
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 [5] 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.
Observation 7: UL channel of an unlicensed cell is not suitable for UCI transmission. 
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, taking into account as well the recent RAN1 agreement to target support of UL multiplexing of multiple UEs in one subframe by multiplexing in frequency domain and multiplexing by MU-MIMO.
Observation 2: Further evaluations are needed to study the impact of interference misalignment between eNB and UE on fair coexistence with Wifi. 

Observation 3: When we discuss the channel access mechanism for UL LAA, the characteristics of FBE and LBE with respect to channel access probability, coexistence and additional aspects raised by the UL transmission should be taken into account. 
Observation 4: The uncertainty of UL transmission would degrade scheduling efficiency and increase the detection complexity at eNB side.  
Observation 5: It may be beneficial to allow HARQ retransmission on a carrier different from the initial transmission. 
Observation 6: The mechanism to reduce random access procedure and sounding delay needs study. 
Observation 7: UL channel of an unlicensed cell is not suitable for UCI transmission. 

Proposal 1: At least UE side CCA is required for UL transmission in unlicensed band while other options could be studied. 
Proposal 2: For both FBE and LBE, it may be necessary to enhance the CCA mechanism to support multi-user multiplexing in one subframe for both synchronous and asynchronous deployment.  

Proposal 3: DL/UL TDD frame structure of LAA-LTE should be designed taking both TDD feature and unlicensed band specific feature into account.
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