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1 Introduction

The study item of “Study on Licensed-Assisted Access using LTE” was approved in the 3GPP TSG RAN #65 meeting [1]. In the SID, one objective for RAN1 is: 
Define an evaluation methodology and possible scenarios for LTE deployments, focusing on LTE Carrier Aggregation configurations and architecture where one or more low power Scell(s) (ie. based on regulatory power limits) operates in unlicensed spectrum and is either DL-only or contains UL and DL, and where the PCell operates in licensed spectrum and can be either LTE FDD or LTE TDD. 
Most of the previous discussions are focusing on DL only transmissions. Since the demand of UL data transmission through unlicensed spectrum will be greatly increased with the rapid UL traffic service increasing, this contribution will analyze the support of UL transmission on the unlicensed spectrum in the LAA system.
2 Design principle for UL transmission
UL transmission in the current LTE system is based on the eNB centralized scheduling or configuration, which should be retained for unlicensed band operation. For UL transmission on the unlicensed spectrum, however, channel occupancy for UL transmission should firstly be guaranteed since the spectrum accessibility is opportunistic. In Europe and Japan, the LBT regulations should be satisfied to transmit signals through unlicensed spectrum. 
There are discussions about whether UE or eNB should perform LBT for UL transmission [3]~[7]:
Alternative1: UE performs LBT for UL transmission
In [9], the regulation states “Before a transmission or a burst of transmissions on an Operating Channel, the equipment shall perform a Clear Channel Assessment (CCA) check using "energy detect"” with Frame Based Equipment requirements or “Before starting transmissions on an Operating Channel, the equipment shall perform a Clear Channel Assessment (CCA) check using "energy detect"” with Load Based Equipment requirements. After scheduling indication is received, the UE is required to perform LBT before transmission to meet the European regulation requirements. If the CCA results indicate the channel is idle, the UE would transmit UL data according to the eNB scheduling; otherwise, the UE would give up this transmission. 
With this alternative, UL scheduling indication would be wasted if the UE fails to access the channel in CCA procedure. However, the eNB would not schedule these resources to other UE, which results in spectrum inefficiency. The main reason is that the channel accessibility of each UE is unpredictable at the eNB side when the eNB performs centralized scheduling for all the served UEs in the LAA system. Consequently, how to handle the mismatch between the eNB scheduling and the UE LBT results should be considered.
Alternative 2: eNB performs LBT for the UE UL transmission

One possible solution to handle the mismatch between eNB scheduling and UE LBT results is to allow the eNB to perform LBT for the UE before scheduling. For example, once the eNB senses that it is allowed to occupy the channel, the eNB transmits UL scheduling information to its served UEs and holds the channel until the UE transmits.
In comparison to alternative 1, UE could transmit every time an UL scheduling is received. However, the eNB perform LBT for the UE is only allowed in certain regions, such as Japan. In addition, this alternative has drawbacks in spectrum inefficiency since the eNB has to transmit some reservation signal to hold the place for the UE. Moreover, the channel detection results at the eNB side and the UE side may be different, which does not reflect the real channel availability experienced by UE.
Therefore, alternative 1 is preferred considering system performance, spectrum efficiency and regulation restriction.

Proposal 1: It is preferable that the UE performs LBT before UL transmission.
When UE senses the channel availability with LBT mechanism, energy detection is used to determine whether a channel is occupied or not. The energy detection threshold, according to the regulation in Europe addressed in [9] states that:
The energy detection threshold for the CCA shall be proportional to the maximum transmit power (PH) of the transmitter: for a 23 dBm e.i.r.p. transmitter the CCA threshold level (TL) shall be equal or lower than ‑73 dBm/MHz at the input to the receiver (assuming a 0 dBi receive antenna). For other transmit power levels, the CCA threshold level TL shall be calculated using the formula: TL = -73 dBm/MHz + 23 - PH (assuming a 0 dBi receive antenna and PH specified in dBm e.i.r.p.).
With this regulation, UEs with higher transmit power is given lower energy detection threshold which aims to expend the sensing range of this UE and avoid strong interference to other equipments.

In LTE PHY design, UL power control is adjusted by the eNB. If the eNB schedules the UE to transmit with high power level, the corresponding energy detection threshold is decreased and it may be hard for the UE to get the transmission opportunity, which causes a scheduling failure and spectrum inefficiency. 
Therefore, it is necessary to take into account the UE CCA sensing threshold when the eNB conducts UL power control.
Proposal 2: It is necessary to take into account the UE CCA sensing threshold when the eNB conducts UL power control.
3 UL data transmission on the unlicensed spectrum in the LAA system

In [8], LBE and FBE are compared and based on the analysis the pros/cons of LBE and FBE for DL LAA system are summarized. The main advantage of LBE based mechanism is that CCA can be performed at any time which brings more opportunities to access the unlicensed spectrum and flexible transmission duration can adapt to the system load. For FBE based mechanism, the main advantage is having clear frame timing, e.g. the end of the Idle Period can always be at the subframe boundary.
Since UL transmission is based on eNB-controlled scheduling, starting the UL transmission at the subframe boundary will keep the scheduling granularity subframe by subframe, which relieves the eNB scheduling efforts. Therefore, it should be a good choice for UE to perform FBE based mechanism for UL transmission.
Observation 1: FBE based mechanism for UL transmission matches well with the eNB-controlled scheduling operation.
When UL and DL data transmissions on the unlicensed spectrum are supported on the same carrier, a straightforward approach would be to reuse the TDD frame structure. Normally, the supported uplink-downlink configurations of a cell should be one of the available structure specified in [10] within a frame, where the eNB and UE have to switch the RX and TX state according to the DL/UL subframe configuration. For operation with LBT, both the eNB and the UE have to perform CCA before transmission on the cell on unlicensed spectrum. Thus, the channel occupancy opportunity at the NodeB and the UE side is not well adapted to a fixed DL/UL subframe configuration.
Another option is that the DL and UL transmission does not follow the TDD Frame structure. Instead the DL and UL transmission can start at any subframe and finish at any subframe if necessary, as long as the regulation requirements are satisfied. This provides more flexibility for both DL and UL transmissions. With this option, the DL control signals for UL transmission and UL control signals for DL transmission can be based on the aid of Pcell, as has been supported with carrier aggregation. However, more considerations on HARQ timing relationship between transmission and feedback may be needed in flexible DL and UL transmission frame structure.
As a result, whether the DL/UL transmission on the unlicensed spectrum should follow TDD frame structure needs further study.
Proposal 3: Whether the DL/UL transmission on the unlicensed spectrum should follow TDD frame structure needs further study.

4 Uplink control channel transmission in LAA system
Uplink control information transmitted on the PUCCH channel to support DL transmission can be carried on the Pcell in licensed spectrum as defined in the current carrier aggregation mechanism. The cases where UCI is piggybacked on the PUSCH can also be supported as long as there is PUSCH transmission. 

Proposal 4: UCI transmission for carrier aggregation can be reused in LAA system.
Random access procedures on the Scell are needed when there is no primacy cell in the the TAG of the Scell.  As discussed above, the UE should also perform LBT on the Scell for the PRACH transmission at the predefined subframe. After the PRACH transmission is achieved, the eNB indicates the UE about timing advance value in the response procedure. Then the UE performs UL transmission with the adjusted timing. The LBT mechanism may make the procedure more difficult to be accomplished within the expected timescale. 
It is noted that the coverage of small cells on the unlicensed frequency is small in general. Take the cell radius of 40m as an example, the longest round-trip delay in the cell is about 0.27us which is much less than the time advance adjustment granularity 0.52us. Consequently, it can be considered to exempt PRACH transmission on the Scell. 
Proposal 5: It can be considered to exempt PRACH transmission on the unlicensed spectrum.
SRS transmission would be needed on the unlicensed spectrum since SRS is useful to support the UL and DL channel estimation. In the current specification, one SRS transmission occupies 1~2 UL OFDM symbols. If UE performs LBT for SRS transmission, the minimum value of channel occupancy time should be 1ms according to the current European regulation. 
Meanwhile, SRS transmission design should be considered if LBT is performed for the transmission or take it as a short control message.
Proposal 6: SRS transmission design should be considered if LBT is performed for the transmission, or SRS are considered as a short control message.
5 Conclusions
In this contribution, how to support UL transmission for LAA system is analyzed. There are the following proposals and observations.
Proposal 1: It is preferable that the UE performs LBT before UL transmission.
Proposal 2: It is necessary to take into account the UE CCA sensing threshold when the eNB conducts UL power control.
Observation 1: FBE based mechanism for UL transmission matches well with the eNB-controlled scheduling operation.
Proposal 3: Whether the DL/UL transmission on the unlicensed spectrum should follow TDD frame structure needs further study.

Proposal 4: UCI transmission for carrier aggregation can be reused in LAA system.
Proposal 5: It can be considered to exempt PRACH transmission on the unlicensed spectrum.
Proposal 6: SRS transmission design should be considered if LBT is performed for the transmission, or SRS are considered as a short control message.
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