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1 Introduction
A new work item on enhanced LAA for LTE is approved in RAN#70 plenary meeting [1]. The detailed objectives of the work item are to specify support for the following functionalities:

· UL carrier aggregation for LAA SCell(s) (with one or more UL carriers in unlicensed band) using Frame Structure type 3 [RAN1, RAN2, RAN4]

· The channel access mechanism shall use the decisions made in RAN1 during Rel-13 as a starting point

· Specify support for PUSCH and SRS

· Support both self-scheduling and cross-carrier scheduling from licensed spectrum.

· If needed, specify support for PUCCH [RAN1]
· If needed, specify support for PRACH [RAN1]
In RAN1#84 meeting, it is agreed that aperiodic SRS transmission with PUSCH is supported and HARQ ACK and CSI for serving cells at unlicensed carriers on an LAA SCell is supported and Non-contention based PRACH transmission on LAA Scell is supported in eLAA. However, there are several issues that need to be considered. Firstly, before these UL channels/signals on LAA SCell are transmitted, the LBT needs to be executed. Like DL, the Power and the CCA threshold for DL LBT have a close relationship. The relationship between the Tx power and CCA threshold has been determined for DL LBT. In this contribution, we discuss UL Tx power related issues such as CCA threshold for UL LBT. Secondly, even if the UE received UL grant, the UE cannot determine really occupy before CCA detection. If PHR is triggered on the subframe that the UE cannot determine really occupy, this will affect the accuracy of the PHR and UL scheduling. In this contribution, we also discuss PHR related issues.
2 CCA threshold with power control
In RAN1#82 meeting, it was agreed “To avoid severe interference to on-going transmissions of other LAA networks or other technologies (e.g. Wi-Fi), LAA UE device should consider LBT before sending UL transmission burst”. Further, in RAN1#83 meeting, for the DRS without PDSCH transmission LBT procedure and for the category 4 LBT procedure used by LAA, depending on whether or not coexisting with other competition access technologies, the CCA threshold for DL LBT is defined to meet the regulation and reduce the interference of neighboring nodes. More specifically, the agreement about energy detection threshold adaptation procedure is as follows.
An eNB accessing a channel on which LAA SCell(s) transmission(s) are performed, shall set the energy detection threshold (
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is determined as follows:

· If the absence of any other technology sharing the carrier can be guaranteed on a long term basis (e.g. by level of regulation) then:

· 
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· 
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 is Maximum energy detection threshold defined by regulatory requirements in dBm when such requirements are defined, otherwise 
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· Otherwise, 

· 
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· Where:

· 
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= 10dB for transmission(s) including PDSCH; 

· 
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= 5dB for transmissions including discovery signal transmission(s) and not including PDSCH
· 
[image: image10.wmf]H

P

 = 23 dBm, 

· 
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 is the set maximum eNB output power in dBm for the carrier 

· eNB uses the set maximum transmission power over a single carrier irrespective of whether single carrier or multi-carrier transmission is employed
· 
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· BWMHz is the single channel bandwidth in MHz
Since the UE also performs UL LBT before UL transmission, it is natural to consider a similar CCA threshold adaptation as the defined CCA threshold for DL LBT. For example, when the UE transmit power is smaller; the corresponding CCA threshold for UL LBT is higher. A higher CCA threshold may limit the listening area, which may cause hidden nodes. On the other hand, when the UE transmit power is larger; the corresponding CCA threshold for UL LBT is lower. This may reduce the chance for that UE to occupy the channel.
In current LTE, in order to enable eNB to effectively receive the user data, the UE must ensure a particular transmit power. But too large transmit power will have a great impact on the battery life of the UE and may cause inter-cell interference. Therefore, the main purpose of UL power control is to balance between the receiving quality of the user data and the UE Tx transmission power. Note that for LAA, as discussed above, eNB should also consider UE’s CCA threshold for UL LBT when conducting power control. For instance, if a UE did not successfully compete for an unlicensed carrier for some time, eNB may configure to lower the Tx power as a higher CCA threshold for UL LBT that is needed. After that, a lower MCS level is needed to ensure the transmission reliability with low power.
Note that although the CCA threshold for UL LBT can be still based on the formula of CCA threshold for DL LBT, a difference of  [image: image14.png]Prx



 should be considered. [image: image16.png]Prx



 represents the set maximum eNB output power for DL LBT. However, the UE also use maximum output power for UL LBT, which reduce the chance for that UE to occupy the channel due to lower threshold, [image: image18.png]Prx



 more accurately represents UE’s actual transmit power (i.e., [image: image20.png]Prx
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 in UL PC formula). This means that eNB can adjust the CCA threshold by modifying [image: image24.png]


. More specifically, there are the following several Alt.
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In relation to Alt 2 and Alt 3, [image: image32.png]Pofsets e (D)



 in Alt 1 is only a small range of adjustment for [image: image34.png]Penannetc (1



. For unexpected environment and competitive requirement, such as the hidden nodes and improving the success rate of competition, the adjustment is not fast enough. Although Alt 2 and Alt 3 can be a wide range of adjustment, but for Alt 2, [image: image36.png]Pesrax.e(D)
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 cannot be obtained accurately by eNB. This means that [image: image40.png]Pofsetz e ()



 is not accurate enough. However, for Alt 3, eNB can directly adjust CCA threshold by [image: image42.png]Praresine (1)



. In addition, when eNB disable adjustment for CCA threshold in eNB side, UE assumes that [image: image44.png]Praresine (1)



 is equal to [image: image46.png]Pesrax.e(D)
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, i.e., the above formula directly backoff into the existing UL PC mechanism. Therefore, Alt 3 has more advantages and can solve the unexpected environment and competitive demand by adjusting CCA threshold. Thus,
Proposal 1: eNB needs to consider the CCA threshold for UL LBT, when it configures power of UE. Some parameters for UL PC on LAA SCell need to be considered. We prefer to Alt3 on CCA threshold.
3 Power allocation priority of carrier or channel
For PUCCH and PUSCH in LTE CA scenario, each CC has equal priority when the power is allocated among different CC. PUCCH and PUSCH with uplink control information (UCI) has a higher priority. However, for CA between licensed carrier and unlicensed carrier, it needs to reconsider the priority of licensed carrier and unlicensed carrier, or channel priority of licensed carrier and unlicensed carrier. As UL PCC (license carrier) is not only used for data transmission, but also maintained connection, so the communication quality of PCC needs to be guaranteed. On the other hand, UL on LAA SCell is also scheduled by eNB and the physical resource actually exists only when UL LBT is successful. If UL on LAA SCell often fails due to less power allocated, it does not achieve the goal of increasing throughput. Therefore, the UL power allocation priority for PCell and LAA SCell, as well as that for different channels need to be decided. Several options are shown as below.
· Alt 1: Explicitly defined carrier or channel priority
· Alt 1-1: eNB directly configure carrier or channel priority through dynamic/semi-static signaling
· Alt 1-2: UE request to improve/reduce carrier or channel priority
· Alt 2: Predefined carrier or channel priority
· Alt 2-1: PCC>licensed SCC>unlicensed SCC, or PCC>unlicensed SCC>licensed CC (without regard to channel type)
· Alt 2-2: PUCCH>PUSCH with UCI>PUSCH without UCI (without regard to carrier type)
Alt 1 can adjust carrier or channel priority with flexibility, but has signalling overhead. Alt 2 can avoid signalling overhead by predefined priority, but may not flexibly adjust priority. For Alt 2, assuming UE always firstly allocates power to all the channels/signals of licensed carrier(s) and then allocates power to unlicensed carrier(s). The benefit is that the channels/signals of licensed carrier are not affected, so that the basic function of the system is not affected. If there are several unlicense carriers, power is firstly allocated to the licensed carrier, and the remaining power is allocated to unlicensed carriers in accordance with the rules in Rel-13, or the remaining power is allocated to unlicensed carriers through UE implementation (for example, equal distribution). In general, we think UL power allocation priority rule for LAA needs to be decided. Thus,
Proposal 2: UL PC priority for LAA SCell(s) needs consideration. FFS on explicit or predefined priority rules.
4 PHR for UL LAA
In order to perform UL scheduling by eNB in a more reasonable way, PHR can be feedback to the eNB. eNB can determine the number  of  UL bandwidth by PHR, which eNB can avoid allocating more resources to power limited UE. eNB can also estimate SINR, PSD and pathloss according to PHR, which eNB can better perform UL PC. It can be seen that PHR and the accuracy of PHR are very important for UL scheduling and UL PC.
For CA scenario, if the PHR is triggered on the UL subframe with corresponding UL grant/UL scheduling, this means that the PHR on the UL subframe is real transmission PHR, i.e., the “V” value in extended PHR is equal to 0. If the PHR is triggered on the UL subframe without corresponding UL grant/UL scheduling, this means that the PHR on the UL subframe is reference format PHR, i.e., the “V” value in extended PHR is equal to 1. According to the above content, UE decided to feedback the PHR is real transmission PHR or reference format PHR according to UL grant/UL scheduling once the PHR is triggered.
But for LAA scenario, even if the UE received UL grant/UL scheduling, UE can not confirm whether the actual occupation of UL subframe before CCA detection. If UE calculate the real transmission PHR according to UL grant/UL scheduling, but UE ultimately did not succeed in competition to the UL subframe. In this case, UE should be feedback is reference format PHR, but the final feedback is real transmission PHR in which will impact PHR accuracy and UL scheduling. A way to alleviate the above problem is that real transmission PHR and reference format PHR are reported simultaneously on the UL subframe with CCA detection. eNB identify which PHR type is valid according to whether or not to receive PUCCH and/or PUSCH, more specifically, when eNB received PUCCH and /or PUSCH, the real transmission PHR is valid and when eNB did not receive PUCCH an /or PUSCH, the reference format PHR is valid. On the other hand, the legacy PHR scheme is used on the UL subframe without CCA detection. Thus,
Proposal 3: Real transmission PHR and reference format PHR are reported simultaneously on the UL subframe with CCA detection.
5 Conclusion
In this contribution, we have presented our views on LAA UL PC. In conclusion, we have the following proposals:
Proposal 1: eNB needs to consider the CCA threshold for UL LBT, when it configures power of UE. Some parameters for UL PC on LAA SCell need to be considered. We prefer to Alt3 on CCA threshold.
Proposal 2: UL PC priority for LAA SCell(s) needs consideration. FFS on explicit or predefined priority rules.
Proposal 3: Real transmission PHR and reference format PHR are reported simultaneously on the UL subframe with CCA detection.
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