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1 Introduction
In RAN#65 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.
The third objective of identify and evaluate physical layer options and enhancements to LTE to meet for coexistence with other unlicensed spectrum deployments is very important for the study of LAA in unlicensed band. In this contribution, we analyse UL enhancement requirements and give some potential solutions.
2 Discussion on LAA UL  
As mentioned in LAA SID [1], LAA operating in unlicensed spectrum is either DL-only or contains UL and DL.  In addition, DL-only should be at a high priority. However, we believe that it is beneficial to consider them together, not independently. In this section, we provide a detailed technical analysis on the related issues.
· DL-only based mode

It is considered that the DL-only can only be used for separate downlink data scheduling and transmission and there will be no uplink information transmission on unlicensed spectrum.  
However, for LAA based DL-only mode, some UCI and other UL information transmission for downlink data scheduling (examples are given below) are needed, and if these information are transmitted only on licensed spectrum,   system efficiency could be degraded.
1）For downlink data transmission，UL ACK/NACK feedback is needed.
2）DL CSI is needed for efficient downlink data scheduling, and UE need to do DL CSI measurement and feedback through UL channel.
3）As discussed in [2], some uplink-slot may be need for UE to send occupation signal to reserve the channel after competition to the idle U-band, which can help to effectively sense and find a clear unlicensed carrier and occupy it immediately.  
4）For LTE TDD system, UL SRS  is needed to use uplink-to-downlink channel reciprocity to acquire  DL CSI .
Some information, such as ACK/NACK/CSI mentioned above may be transmitted via licensed spectrum like CA. Other signals, such as occupation signal in unlicensed spectrum, could be sent via unlicensed spectrum to improve efficient of downlink data scheduling. Therefore, enhancement of UL transmission of unlicensed spectrum is needed.
Observation 1: UL transmission in unlicensed spectrum can improve efficiency of downlink data scheduling.
3 Analysis of LAA UL feedback enhancement

3.1 Requirement analysis on LAA UL feedback enhancement
The hidden node problem is depicted in Fig. 1, where eNB A and B are hidden nodes to each other. When node eNB A sends a packet to UE, eNB B cannot sense the transmission because A and B are out of each other’s sensing range. In this case, eNB B can transmit at the same time with eNB A, which causes interference to each other.
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Figure 1 An example of the hidden node problem
The problem is typical in LAA especially for inter-operators deployment, and some solutions is needed to solve this hidden node problem. For example, RTS/CTS like mechanism can be used. For LAA, interference avoidance via UE assisted channel measurements and reports may be an option. 
Observation 2: Hidden node problem needs further study.
3.2 Consideration on LAA UL feedback enhancement
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 those hidden node. Meanwhile, channel/interference condition can be carried by additional L1 feedback signal.
For example, as depicted in figure 2a-2b, UE can report or feedback channel/interference condition to eNB before eNB send DL data transmission. For this option, UE access the channel availability automatically or via eNB triggering, after that UE feedback CS (carrier sensing) result to eNB, which could help alleviating the hidden node problem. What need to be explained is that CS result can be feedback via license spectrum or unlicensed spectrum. If transmission on unlicensed spectrum, occupation signal to prevent other transmission from other AP/UE.
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Figure 2 Example of UE assisted feedback to solve the hidden node problem
Proposal 1: UL feedback enhancement is needed for LAA.
4 Consideration on LAA UL access enhancement
4.1 Analysis of LAA UL access scheme

Based on LTE structure, some new access scheme can be considered for LAA UL. Possible options for UL radio access scheme based LBT operation can be classified according to which party performs CS operation, between eNB and UE. 
Case 1) eNB performs CS operation for UL transmission

In this case, the UL transmission can be illustration as figure 3:
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Figure3 Example of UL transmission operation by eNB CS based LBT 

With this option, when radio channel is assessed as idle in U-band by performing CS, eNB reserves and occupy the channel. Then, the UE performs UL transmission of PUSCH according to UL grant received. As discussed above, hidden node problem may occur in this scenario as the U-band radio channel status is only depend on eNB assessment, and the transmission collision and serious interference produce. 
Case 2) UE also performs CS operation for UL transmission
In this case, two methods can be considered as follows, and UL transmission operation can be depicted in figure 4：
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Figure 4 Example of UL transmission operation by UE CS based LBT 
● Option 2-1: UE performs CS operation for UL transmission by eNB triggering

With this option, eNB instructs UE to perform CS on U-band, and transmit UL scheduling grant to the UE for PUSCH transmission at the same or different timing. UE feedback CS results to eNB after U-band acquirement. Then UE reserves the channel and performs UL transmission of PUSCH with predefined grant.
In this scheme, some control or triggering signals need to be sent to UE.  When channel is assessed as idle in the U-band, UE can directly perform UL transmission of PUSCH without reporting the channel assessment result to the eNB.  

● Option 2-2: UE performs CS operation for UL transmission full automatically
In this case, UE can perform CS operation automatically without eNB triggering. If channel is detected as idle in the U-band, UE starts UL PUSCH transmission which may feedback CS result to eNB. After receiving UL grant, the UE can complete UL transmission.  
In this method, some new transmission scheme may be introduced for fast data transmission.
From above discussion, we can see for better LAA support with reliable LBT operation, combination of eNB and UE assisted perform CS operation above should be considered.
Proposal 2: Combination of eNB and UE assisted CS operation could be a preferred option.
4.2 Other requirements analysis on LAA UL data transmission enhancement

From the above discussion, we see enhancement is need for LAA UL data transmission and some issues need further study. We summarize these problems as follows:
1） Fast acquirement of unlicensed spectrum
According to regulation for unlicensed frequency band, LBT operation is already mandated for some bands and some regions. Furthermore, considering coexistence between different systems/operators without any coordination or cell planning in unlicensed band, CS based LBT can be a good solution for the support of LAA.  .
2） Channel reservation for idle U-band
There is some time for CS instant and actual UL transmissions, therefore, some occupation signal need to be considered to prevent others AP/UE from transmission. Reduction of the channel reservation period can be further considered for more efficient resource utilization on U-band.

3） Reduction of the delay between CS instant and actual UL transmission 
To minimize delay and improve resource utilization efficiency, the delay between CS instant and the actual UL transmission should be reduced.
4)    TPC
TPC operation is also mandated for some bands and some regions. Some enhancement is needed to meet the regulation requirement.
Proposal 3: UL enhancement for data transmission is beneficial for LAA. 
5 Conclusion
This contribution shared our views on several aspects of LAA UL enhancement requirements and gives some considerations .The proposals and observations are as follows:
Observation 1: UL transmission in unlicensed spectrum can improve efficiency of downlink data scheduling.
Observation 2: Hidden node problem need further study
Proposal 1: UL feedback enhancement is needed for LAA.
Proposal 2: Combination of eNB and UE assisted CS operation could be a preferred option.
Proposal 3: UL enhancement for data transmission is beneficial for LAA. 
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