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1 Introduction
In RAN#66 meeting, an SI on Licensed-Assisted Access (LAA) using LTE was approved [1]. The objectives within RAN1’s scope are as follows:

· 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.
· Identify and define design targets for coexistence with other unlicensed spectrum deployments, including fairness with respect to Wi-Fi and other LAA services. This should be captured in terms of relevant fair sharing metrics, e.g., that LAA should not impact Wi-Fi services (data, video and voice services) more than an additional Wi-Fi network on the same carrier; these metrics could include throughput, latency, jitter etc. This should also capture in-device coexistence for devices supporting LAA with multiple other-technology radio modems, where it should, e.g., be possible to detect Wi-Fi networks during LAA operation; note that this does not imply concurrent LAA+Wi-Fi reception/transmission. This should also capture co-channel coexistence between different LAA operators and between LAA and other technologies in the same band.
· Identify and evaluate physical layer options and enhancements to LTE to meet the requirements and targets for unlicensed spectrum deployments identified in the previous bullet, including consideration of the methods to address the co-existence aspects on unlicensed bands with other LTE operators and other typical use of the band.
In this contribution, we try to analyze on potential issues and some solutions related to LTE UL transmission in unlicensed band.
2 Potential issues and functionalities requirements for LAA UL transmission
As mentioned in LAA SID [1], LAA operating in unlicensed spectrum is either DL-only or contains UL and DL. In this section, we try to provide and analyze some requirements and issues related to UL transmission for LAA.
2.1 Potential issues on LAA UL data transmission
For LAA UL data transmission, some problem require further study to satisfy regulation or standard requirement.  Such as:
1） How to fast acquire usable unlicensed spectrum for UL data transmission? 

In the same manner with LAA DL, LBT would be required for LAA UL to meet the regulatory requirements and to achieve the fair coexistence with other systems in unlicensed spectrum. A method for fast finds idle U-band for UL data transmission is needed to study.
2） How to reserve the channel after competition to the idle U-band?

There may be some time for CCA/eCCA and actual UL transmissions, therefore, some occupation means need to consider to prevent others re-occupy it. And reduction of the channel reservation period can be further considered for more efficient resource utilization on U-band.

3） How to reduce the delay between CS instant and actual UL transmission timing?
If eNB send UL grant after LBT and the UE performs UL transmission of PUSCH according to the timing, the delay is large and resource efficiency reduces. Therefore, issues on UL grant-to-PUSCH timeline need to study for LAA.

4)    How to  modify UL HARQ?

As  has been pointed out in contribution [2], issues related to UL HARQ for LAA exist, such as UL HARQ timing and cross-carrier transmission. Therefore, UL HARQ of LAA should be further studied.
Observation 1: Issues about UL data transmission need further study in LAA.
2.1.1 UL resource acquisition
LBT would be performed before LAA UL transmission to meet the regulatory requirements. As [3][4] description, generally, two methods: eNB or UE performed LBT for uplink transmission are considered.
· eNB performs LBT operation for UE UL transmission

In this option, if the channel is idle, eNB sends UL grant to schedule UL transmission and UE just follows UL grant without performing LBT. Hidden node problem may occur in this method which only depends on eNB confirming the U-band radio channel as idle, and the transmission collision as well as serious interference produce. 
· UE performs LBT under eNB controlling
In this option, UE itself performs LBT for UL transmission after receiving triggering, such as UL grant from eNB. If the channel is idle, UE can transmit data as ordered by eNB. Otherwise, the UE shall not transmit the PUSCH. This way is in line with the regulatory requirements in most regions, and the sensing result is always reliable from UE point for view.
If UE perform CCA, some OFDM symbols may not be used for PUCCH or PUSCH transmission as on licensed spectrum. Meanwhile, if UE perform LBT, how to implement UL UEs frequency domain multiplexing on the same 20MHz carrier should be considered. Because the interference of each UE may not the same, and the LBT sense result can be different.
We can see for better LAA support based on reliable LBT operation, combination of eNB and UE assisted LBT operation above can be considered.  For one thing, the probability for acquire U-band can improve, for the other the hidden node problem can be removed.

Proposal 1: Combination of eNB and UE assisted LBT operation could be a preferred option for UL transmission.
2.1.2 UL reservation signal
For LAA UL, a fractional symbol (and/or one or more integral symbols) may occur after a successful CCA/eCCA of UE. Therefore, the reservation signal may be needed to keep hold of the unlicensed carrier for UL transmission. For a fractional symbol, we give the solution in contribution [5].Preamble, DMRS, or SRS can be used for UL.  
2.1.3 UL data transmission
According to the current LTE spec, there is at least a 4ms delay between UL grant and the PUSCH transmission. Since the transmission opportunities on the unlicensed carrier cannot be always guaranteed, the existing UL grant-to-PUSCH timeline and UL synchronous HARQ functionalities may not be suitable or guaranteed for LAA. Some solution may be needed to consider for UL fast or discontinuous transmission in unlicensed spectrum for LAA.
· Pre- scheduling
For eNB or UE perform LBT, UL grant to UE for PUSCH transmission can be before LBT operation, which is called pre-scheduling. In this way, UE can perform UL transmission of PUSCH with predefined grant immediately after eNB or UE completion a successful CCA/eCCA. The UL transmission delay can be reduced especially for UE also participate in compete unlicensed resource, and it may has no effluence on standard.
· Modify UL grant-to-PUSCH timeline 
Besides pre-scheduling, for eNB performed LBT, methods to effective use of the limited channel occupancy time need further study. Some new timing scheme may also be introduced for fast data transmission to reduce the delay between LBT instant and actual UL PUSCH transmission especially considering the maximum 4 ms channel occupancy time limit in Japan. Therefore, UL grant-to-PUSCH timeline may reduce,, which may need to modify specification. 
· UL asynchronous  HARQ
As discussed in [2], considering the requirement of LBT in LAA, it would be desirable to have further flexible scheduling mechanisms in the UL, and UL asynchronous HARQ can be considered as one of the better choice for UL transmission in unlicensed spectrum.  
· UL TPC

Transmit power control is a mechanism to be used by the RLAN device to ensure a mitigation factor of at least 3 dB on the aggregate power from a large number of devices. This requires the RLAN device to have a TPC range from which the lowest value is at least 6 dB below the values for mean EIRP for devices with TPC. The regulation only put limits on the maximum output power and power control range, but not dynamic power control. 

In current LTE system, the range of maximum UL transmit powers is configured by the eNB.  Moreover, the UL power adjustment is almost totally under the eNB’s control. It seems that we could directly reuse the current UL power control mechanism to support the TPC. 

Proposal 2: Solutions for UL transmission, such as pre-scheduling and modified UL timing may be considered for LAA.
2.1.4 Frame structure modification to support of UL transmission
Frame structure for LAA is in discussion. For the case of both DL and UL transmission supported within one frame, one issue needs to be discussed is who performs the CCA. Two options can be considered:
Option 1: CCA is performed by the eNB only.

Option 2: CCA is performed by both eNB and UE.

Figure 1 gives such an example for Frame structure, and more details can be found in our contribution [8].
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Figure 1: Example of Frame structure for DL and UL, FBE 

In this structure, UL grant-to-PUSCH timeline can be kept. However, this frame may not satisfy Japanese regulation requirement. For UL data transmission satisfy Japanese regional requirement, pre-scheduling or reduce timeline for UL grant and PUSCH transmission given above can be considered. 
Besides existing TDD UL-DL subframe mode, following SUL (single UL) structure can also be considered for UL transmission. Similar as the SDL structure, in this case, only UL transmission occurs on the unlicensed carrier during a certain time. The SUL structure can occur with the SDL structure in a TDM manner over the same unlicensed carrier as illustrated in figure 2. 
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Figure 2 Example of DL/UL transmission operations 

For this structure, UL grant for PUSCH transmission can be pre-sent on licensed carrier or obtained unlicensed carrier. And the maximum channel occupancy time for eNB and UE is no more than 4ms.Therefore, modifications of the current LTE frame structure need to be considered for the regions/bands that LBT is mandatory. 
Proposal 3: TDD UL/DL configuration frame structure can be used as a starting point for LAA UL frame structure design.

2.2 Other issues
Besides data transmission, some other problems below related to LAA UL should also be considered.
· PRACH 
In a non-co-located scenario, uplink timing synchronization should be maintained individually for licensed and unlicensed frequency for UL transmission. Therefore, TA should be obtained and LBT or non-LBT for PRACH transmission should be studied.
· SRS transmissions for LAA UL

SRS transmission is required for maintaining UL timing and facilitating eNB’s UL and DL scheduling (channel reciprocity). Hence SRS transmission should be supported on the unlicensed frequency for UL transmission. Similarly as PRACH, it should also be discussed whether LBT is required for SRS transmission.
Proposal 4: When UL transmission is supported on unlicensed frequency, PRACH and SRS transmissions on unlicensed frequency should be further studied. 
· UE  assistance to solve the hidden node problem
As discussed in [6], hidden node problem exist for LAA UL transmission. To solve this problem, some potential solutions is proposed to solve this hidden node problem. For example, RTS/CTS like mechanism can be used to solve this problem. For LAA, interference avoidance via UE assisted channel measurements and reports may be an option. CSI reporting from UE would be a better indication of the instantaneous channel/interference condition, which allows the eNB to automatically take into account the interference from the hidden nodes for this UE. Meanwhile, channel/interference condition can be carried by additional L1 feedback signal. 
Therefore, interference measurement and report mechanism could be used to assist to detect the hidden node. 

Proposal 5: UL feedback enhancement needs further study in LAA.
· UE assisted detection for DFS
In the last meeting, whether the DFS for radar avoidance is needed to be supported in the UE is FFS. For some situation, we think UE assisted radar detection may be needed, such as:
1) While eNB perform DL transmission, it may not be able to do detection like radar signal at the same time. Besides, for DL-only, eNB with radar detection may waste occupation time. On the contray, eNB may choose different UE to help doing this at different time, as a result, UE power consumption is not large and U-band resource ultilization can improve.

2) Hidden node problem may exist, where eNB cannot sense the radar caused by out of sensing range which UE may sense, especially in small cell scenario where the UE power can be match with eNB .
3) As ETSI regulatory requirement, a slave device can be configured with a Radar Interference Detection function, and in some case slave devices need to implement radar detection when these devices are used in fixed outdoor point to point or fixed outdoor point to multipoint applications [7]. Therefore, when LAA support D2D, UE may need to support DFS. 
4) Compared with wifi, UE has the similar power with AP, if AP needs to do DFS for radar interference avoidance, UE may need to do this as well. Besides, STAs shall use the DFS procedures as defined in [9] to meet regulation requirement, if UE assimilate to STA as slave devices, DFS function may also need for UE. 
Therefore, the slave devices or UEs could be equipped with their own radar detection mechanism for the purpose of radar avoidance. And if radar is detected, UE need to report or feedback the measurement result to eNB. Some signalling interaction may be needed for UE and eNB to vacate and prohibit LAA Scell channel access for duration of time.
Proposal 6: UE assisted DFS should be considered. .
· UL Control information related
UCI has the problem that it is necessary or unnecessary transmission on the unlicensed frequency. Although, existing CA framework transmitting PUCCH on the Pcell can be reused, UCI transmission on unlicensed spectrum could also be considered. For example, in certain case, such as only one licensed spectrum, more than 4 unlicensed spectrum aggregate, UCI transmission on unlicensed spectrum may need to be considered. For example, ACK/NACK transmits in the way of SCS, and CQI/PMI/RI feedbacks using non periodic mode transmission on the unlicensed spectrum.
Proposal 7: Control related information transmission on the unlicensed spectrum shall also be considered.
2.3 Summarized functionalities for LAA UL

In this last section,   
and    we summarize   the problem and requirements of each issue of LAA UL faced and their   priority below in table 1.

Table1. Issues of LAA UL summary
	Possible Functionalities
	Requirements
	Specification Influence
	Standardization Priority

	SRS
	For maintaining UL timing and facilitating eNB’s UL and DL scheduling
	Minimum spec changes
	High

	UE assistance to solve the hidden node problem
	For interference measurement and report
	Result can be feedback via Pcell or UScell, UL feedback enhancement is needed.
	Medium

	UE assisted detection for DFS
	In some situation
	Result can be feedback via Pcell or UScell, UL feedback enhancement is needed.
	Medium

	PRACH transmission on U-band
	For TA
	Random access procedure need to reconsidered on U-band
	Medium

	UL Control information related（ACK/NACK&CSI）
	For efficient downlink data scheduling
	Reuse CA in Rel-13, transmission on the unlicensed spectrum has more spec influence.
	Low

	Frame structure modification to support of UL transmission
	To satisfy regulation requirement
	Rel-13 should accomplish.
	High

	UL resource acquisition
	eNB performs LBT
	To satisfy regulation requirement
	Minimum spec changes.
	High

	
	UE performs LBT
	UE performs LBT under eNB controlling
	Affect PUCCH or PUSCH transmission.
	Medium

	UL reservation  signal
	UE reserve U-band for fractional symbol in LBE
	Content /additional function/duration needs standardization.
	Medium

	UL data transmission
	Pre-scheduling
	UL transmission delay  reduction
	Minimum spec changes.
	Medium

	
	Modify UL grant-to-PUSCH timeline
	reduce UL transmission delay    or improve spectrum efficiency
	Modify specification and HARQ timing also revised.
	Medium

	UL asynchronous  HARQ
	discontinuous transmission
	Rel-13 should support, also need revise specification.
	Medium

	UL TPC
	reduce inference and meet the regulatory requirements
	The existing mechanism can support, and small or no influence on spec.
	High


3 Conclusion
This contribution shared our views on several aspects of LAA UL requirements and gives some considerations .The proposals and observations are as follows:
Observation 1: Issues about UL data transmission need further study in LAA.
Proposal 1: Combination of eNB and UE assisted LBT operation could be a preferred option for UL transmission.
Proposal 2: Solutions for UL transmission, such as pre-scheduling and modified UL timing may be considered for LAA.
Proposal 3: TDD UL/DL configuration frame structure can be used as a starting point for LAA UL frame structure design.

Proposal 4: When UL transmission is supported on unlicensed frequency, PRACH and SRS transmissions on unlicensed frequency should be further studied. 
Proposal 5: UL feedback enhancement   needs further study in LAA.
Proposal 6: UE assisted DFS should be considered. .
Proposal 7: Control related information transmission on the unlicensed spectrum shall also be considered.
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