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1. Introduction
In RAN#66 meeting, an SI on Licensed-Assisted Access (LAA) using LTE was approved [1]. 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.
In this contribution we try to analyze and summarize UL study requirements and give some considerations and suggestions on UL in the R13 LAA WID.
2. Discussion 
2.1 LBT for UL transmission
For LAA, LBT would be performed before LAA UL transmission to meet the regulatory requirements and to achieve the fair coexistence with other systems in unlicensed spectrum. In Japanese regulation, after the main node performs the carrier sensing, any communication occurring within 4 ms can bypass the carrier sense procedure, in other words, it seems to allow UE transmission according to the scheduling eNB’s carrier sensing within 4ms. On the other hand, in Europe, the LBT procedure is required to be performed by the transmitter i.e. for UL by the individual UE. 
Below, we present and analyse different potential LBT alternatives for uplink transmission.
Alternative 1: eNB performs LBT for UL transmission of scheduled UEs
In this option, before transmitting UL grants, the eNB should performs CCA, if the channel is idle, eNB sends UL grant to schedule UEs and UE just follows UL grant without performing LBT. If the operating channel is occupied, the eNB stops or delays transmitting UL grants and UE cannot send UL data.
If eNB perform LBT, reuse the existing UL scheduling and transmission framework can be reached as much as possible after eNB finish CCA carefully and this scheme have minimum spec changes.
However, for eNB perform LBT, methods for effective use of the limited channel occupancy time need further study. Schemes 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. 

Alternative2: UE performs LBT for UL transmission
In this option, each scheduled UE should perform LBT for UL transmission after receiving 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. Each UE practices UL transmission based on its own sensing results. This way is in line with the regulatory requirements in most regions, and the sensing result is always reliable from UE point of view. 
Note that in this scheme the eNB does not know whether the scheduled transmission will actually happen in the scheduled subframe since it depends on the sensing measurement at the scheduled UE. The eNB may need to perform a blind detection for the corresponding PUSCH resources. Or some indication may also be needed to tell eNB the sensing result to avoid eNB detection blindly. In addition, reserves the channel may also be needed if UE perform CCA successfully before UL transmission timing. 
It is easy to see from above discussion, there are more specification work need to be done for UE performing LBT.We think LBT should be included in R13 WID, and it should be firstly clarified whether “carrier-sensing node” and the consequent “transmitting node” should be identical or not. In other words, whether it is allowed a master node do carrier sensing and trigger a slave node’s transmission based on the sensing result. Or eNB/UE both can be considered as candidate to perform LBT. And in R13 WID further evaluation should be used to decide and verify which one option is a better choice from the performance and specification impact.
2.2 Scheduling for UL 

2.2.1 Scheduling scheme and timing
From standardization perspective, centralized scheduling is supported in Rel.13 LAA for timely finalization of LAA SI/WI. For centralized scheduling in LTE, after received the SRs from UEs, eNB determines how to use the UL resource and then send UL grant to UE.
In legacy LTE system, both self-scheduling and cross-carrier scheduling have been supported for carrier aggregation. For LAA SCells, this aspect needs further consideration. It has been identified that for the case with uplink self-scheduling where the UE applies a LBT procedure before transmitting on the UL, two successful LBT operations are required before the UE transmits on the UL. This is because, first the eNB performs an LBT procedure for an LAA SCell to send the scheduling command, and if this is successfully received by the UE, the UE performs an LBT procedure before transmitting in UL. Obviously this procedure may lead to a low probability of uplink transmission opportunity. If the UL grant is scheduled using cross-carrier scheduling on a licensed carrier, one CCA check is avoided. Meanwhile, cross-carrier scheduling also has some problems. For example, if the number of LAA SCells is large, the control channel on the scheduling cell could become heavily congested.
Regarding the scheduling timing for Ucell, it needs to be discussed whether the current UL grant transmission and the corresponding PUSCH transmission timing should be kept or modified. Considering LAA system characteristics such as aperiodic radio channel occupation in Ucell depending on carrier sensing by eNB and/or UE, it is to be discussed which option would be efficient for Ucell scheduling.
2.2.2 UL resource allocation 

For PUSCH, 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. On this issue, it is to be clarified first which time unit (e.g. symbol level or subframe level or several tens/hundreds of ms) would be used to check whether UL transmission from UE in LAA U-cell can satisfy the regulation. In [2] Occupied Channel Bandwidth test, the sweep time is ＞1s, therefore, depending on the time unit to apply the regulation, possible candidates for UL resource allocation and transmission in LAA U-cell might be different.
In case of applying the regulation per symbol, eNB could schedule two clusters sufficiently far from each other to fulfil ETSI rule. However, this would create severe limitations for the FDMA usage. Therefore, extending the current single and dual cluster allocation to allow multi-cluster (>2) allocation (e.g. RBs/subcarriers spaced uniformly in frequency) has been identified as a candidate waveform that satisfies regulatory requirements and maximizes coverage. The following aspects such as number of clusters needed, size of each cluster, and spacing between clusters or subcarriers may need carefully design to fulfil the Occupied Channel Bandwidth requirement.
Equally-spaced sub-carrier based resource allocation can provide low PAPR, but new resource allocation scheme is to be introduced. On the contrast, equally-spaced RBs based resource allocation can keep current RB granularity.
 In short, regulation requirement of the Nominal Channel Bandwidth should also be considered when performing resource assignment. For future study, such as in R13 WID, further evaluation may be given to decide the SC-FDMA and IFDMA(RBs/subcarriers spaced uniformly in frequency) which is better.
2.3 UL transmission
2.3.1 Transmission burst structure
If SRS or UL data are transmitted, the transmission structure should be identified. Meanwhile, the regulation requirement, such as FBE or LBE should also be considered when design transmission structure. For UL data transmission, there are two possible approaches for UL subframe utilization.

· SUL

Similar as the SDL structure, in this case, only UL transmission occurs on the unlicensed carrier during a certain time, such as a TXOP. The SUL structure can occur with the SDL structure in a TDM manner over the same unlicensed carrier. 
· TDD
Besides SUL, UL transmission structure can be based on TDD operation. However, LAA transmission by eNBs and UEs in the unlicensed spectrum is subject to the channel availability as determined by the clear channel assessment (CCA) procedure. In other words, the channel sensing result may not be well adapted to a fixed DL/UL subframe configuration. Thus, using a fixed frame structure for LAA transmission can result in significant physical layer inefficiencies. 
Therefore, besides the existing TDD UL-DL subframe configurations, new DL-UL configurations and the number of subfurmes of the structure can also be considered. And the duration of continuous UL-DL subframe or DL-UL configuration could be changeable according to the traffic adaptively, and eNB could dynamically signal the flexible UL/DL duration to all UEs, which can maximize efficiency and more access flexibility for both DL and UL transmissions and minimize the channel occupancy time.
Besides, considering LBT requirement, combined FBE and LBE, such as introduce backoff in FBE or limit the LBE (e)CCA start position can also be considered for LAA UL.
In summary, UL transmission structure should be included in LAA R13 WID. The following factors like compatibility, adaptively DL-UL configuration to the instantaneous traffic load for minimization of channel occupancy time , improve spectral efficiency improvement   should be considered when design UL transmission structure. 
2.3.2 PUSCH 
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. And some solution may be needed to consider for UL fast or discontinuous transmission in unlicensed spectrum for LAA. Besides, methods for effective use of the limited channel occupancy time need further study.
· Transmission efficiency
In a licensed band an eNB is required to schedule UL transmissions 4 or more subframes before the actual transmission from UEs. In LAA, considering the maximum 4 ms channel occupancy time limit in Japan, also, eNB may not always have downlink data for a reservation signal in which case eNB would need to send garbage signals. Therefore, some new timing scheme may need to be introduced for fast data transmission to reduce the delay between UL grant and the actual UL PUSCH transmission, which has standard impacts as it changes a fundamental parameter in LTE.
 Otherwise, eNB can transmit UL grants before it performing CCA. In this way, UE can perform UL transmission of PUSCH with pre-received grant immediately after eNB completing a successful CCA/eCCA. Some form of signalling may be needed to indicate UE about UL transmission if eNB performs CCA/eCCA successfully and only the UEs which received both of UL grant and detected the indication signal can transmit UL data. Therefore, UL transmission delay can be reduced.

· UL HARQ
Due to the uncertainty in channel access opportunities on carriers in unlicensed spectrum, it is more efficient for LAA UL HARQ to follow an asynchronous protocol, similar to LAA DL HARQ. The UL retransmission can be scheduled by an UL grant and occur at any time relative to the initial transmission. In order to support an asynchronous protocol, additional explicit information is required to be added in the UL grant in LAA to indicate the HARQ process number and redundancy version to the UE, so that the UE can correctly associate each retransmission with the corresponding initial transmission. With asynchronous HARQ on LAA UL, the UE would reply on the UL grant for UL (re)transmissions and therefore the use of PHICH is not necessary. Therefore, UL HARQ may be standardized in LAA R13 WID.
2.3.3 PUCCH
· SR

According to LTE, before eNB send UL grant, UE should send scheduling requests if it has data to transmit. Rel.12 supports both PUCCH-based and PRACH-based scheduling requests. In the CA framework up to Rel.12, both are currently supported only on Pcell. We think it is not necessary to define a scheduling request procedure carried out over an unlicensed carrier, and therefore suggest concluding that scheduling requests are carried out via a licensed carrier.
· UCI

For downlink data transmission，UL ACK/NACK feedback is needed. Besides, DL CSI is needed for efficient downlink data scheduling, and UE need to do DL CSI measurement and feedback through UL channel. Although the existing CA framework transmitting PUCCH on the Pcell can be reused, UCI transmission on unlicensed spectrum could also be considered. For example, in a certain case, such as only one licensed carrier and more than 4 unlicensed carriers aggregating, UCI transmission on unlicensed spectrum may be considered. 

For LAA, CSI reporting can be the same as in R12 CA. both aperiodic and periodic CSI reporting for an LAA Scell can be supported. Besides, for aperiodic CSI reporting, aperiodic CSI can be reported on PUSCH transmitted on a carrier in licensed spectrum or on an LAA SCell, detail discussion can be seen in our contribution [3].
· UL feedback enhancement
The hidden node problem is typical in LAA especially in multi operator deployment scenario, and some potential solutions is proposed to solve this problem. For example, RTS/CTS like mechanism can be used. For LAA, interference avoidance via UE assisted channel measurements and reporting 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 around this UE. Meanwhile, channel/interference condition can be carried by additional L1 feedback signal via Pcell or Uscell, and eNB can change contention window for LBT based the feedback results. Therefore, UL feedback enhancement is needed for LAA.
2.3.4 PRACH 

In a non-co-located scenario, uplink timing synchronization should be maintained individually for licensed and unlicensed carrier for UL transmission. According to current procedure in LTE, the random access on SCell is only triggered by PDCCH order. And the UE shall transmit the preamble on the assigned PRACH resources of SCell in the first subframe 
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, where a PRACH resource is available, if a PDCCH order is sent in subframe n. However, if LBT is applied, PRACH transmission on the unlicensed carrier could not be guaranteed similar to the other UL transmissions on unlicensed band. Consequently, the whole random access procedure will be delayed. Such unnecessary delay of uplink timing acquisition and/or increased number of trials for the random access procedure would not be preferable. 

Therefore, it is necessary to study the mechanism to reduce the undesirable delay of uplink timing acquisition introduced by LBT, and non-LBT for PRACH transmission should be considered, such as coordinating and multiplexing PRACH resource in a TDM/FDM/CDM manner.
2.3.5 SRS 
SRS transmission is required for maintaining UL timing and facilitating eNB’s UL and DL scheduling (channel reciprocity). Hence SRS transmission should be supported in LAA. The Rel-12 design allows for two cases from a UE point a view, i.e., SRS either transmitted with a PUSCH transmission or transmitted separately from a PUSCH transmission. It is recommended that SRS transmissions are supported for an LAA SCell at least along with a PUSCH transmission. In such case, once the channel is confirmed clear by UE or eNB and the PUSCH is transmitted, SRS can also be transmitted without additional LBT. 
Besides, SRS can be separately transmitted with LBT or without-LBT. Further detail discussion can be seen in our contribution [4]. Besides, if UE performs LBT for SRS transmission, the minimum value of channel occupancy time should be 1ms according to the current European regulation. However, in current LTE, one SRS transmission occupies 1~2 UL OFDM symbols, therefore some design need to consider  in order to allow multiplexing of SRS of different UEs in a same subframe should also support.
We recommend SRS transmission should be specified in LAA R13 WID.
2.4 Multi-user multiplexing in UL
For LAA, support of UL multiplexing of multiple UEs in one subframe has been agreed. With this the LAA UL spectral efficiency can be improved.
If UE performs LBT, how to support UL multi-UE frequency domain multiplexing on the same unlicensed carrier should be considered. Because blocking issue between UEs may occur. For example the first UE would reserve the operating channel and the other UEs would see it as occupied, thus basically prevent FDMA of LAA UEs in UL.To solve this problem, multiplexing UEs could start CCA with the same timing and have the same backoff time and multiplexing in the frequency domain shall be arranged that UEs can start to transmit the signal with the same timing. However, this has some restrictions on multiplexing UEs locations as the sensing result may be different for scheduled UEs. Two options below may also be considered to solve this problem.
Option 1: different CCA pattern configuration or design can be considered for different UEs，and each UE can perform CCA detection based on its own pattern, and different pattern can be associated with the number of multiplexing UEs.
Option 2: the scheduled UEs perform LBT to send uplink data. The first UE with successful CCA/eCCA can reserve the channel with a reservation signal which can inform other scheduled UEs to start multiplex in the frequency domain at the start of the scheduled subframe.
Furthermore, UE multiplexing in one subframe can be achieved by MU-MIMO, which also needs multiplexing UEs start CCA with the same timing and have the same backoff time. If eNB performs LBT for UL transmission, eNB can send PDCCH order to multiplexing UEs after successful CCA, or the eNB can send PDCCH order before CCA and then send indicator to notice UEs when CCA is successful, the UEs which received both of UL grant and the instruction signal shall transmit UL signals in MU-MIMO mode.
In summary we recommend that UL multiplexing of multiple UEs should be supported.
2.5 Summary or suggestions for UL in LAA R13 WID
In this section, we summarize the technical points for LAA UL and their specification impact and priority below in table 1.

Table1. Summarize for LAA UL
	Possible technical point
	Reasons
	Specification Impact

	Transmission burst structure
	To satisfy regulation requirement
	Frame structure design or
TDD DL/UL subframe configuration 

	LBT
	To satisfy regulation requirement
	Minimum spec changes
Or indicator design

	Multi-user multiplexing
	To improve spectral efficiency
	Minimum spec changes

	SRS
	To maintain UL timing and facilitate eNB’s UL and DL scheduling
	Minimum spec changes

	UL asynchronous HARQ
	Discontinuous transmission
	Maximum HARQ number and indicator process ID

	Feedback enhancement
	For interference measurement and report to solve the hidden node problem
	Result can be feedback via Pcell or  LAA Scell, UL feedback enhancement is needed.

	PRACH transmission 
	For TA
	Random access procedure

	UCI 
	For efficient downlink data scheduling
	Reuse CA in Rel-13

	Scheduling mode
	To satisfy regulation requirement
	Reuse eCA 

	Scheduling timing
	To satisfy regulation requirement
	Change timing parameter

	Resource allocation
	To satisfy regulation requirement
	larger spec changes


From the above discussion, it is observed that for PUSCH transmission, UL SRS is needed for UL CSI. Furthermore, for LAA UL transmission, UE and/or eNB should perform LBT before transmission to meet regulation requirement; and modifications of the current LTE transmission structure need to be considered for the regions/bands that LBT is mandatory. However, these issues and corresponding solutions also apply to DL transmission on unlicensed spectrum. In general, there are many common area between supporting DL and UL transmission in unlicensed spectrum, and UL can be introduced with small standardization effort based on DL work.
Observation: Relatively small standardization effort is needed in addition to support LAA UL based on DL specification work.
3. Conclusion
This contribution presents our views on several aspects of LAA UL. We have the following observation:
Observation: Relatively small standardization effort is needed in addition to support LAA UL based on DL specification work.
And the following identified technical points should be included in R13 LAA WID.

· LBT and transmission burst structure design for UL
· Support for eNB and/or UE perform LBT based on FBE or LBE for UL 
· Specification for UL channels/signals transmission burst structure
· Mechanisms to support multi-user multiplexing on the same unlicensed carrier with LBT
· SRS transmission
· Specification to support SRS transmission
· Scheduling and HARQ
· Identification UL scheduling scheme, including self-scheduling and/or cross-carrier scheduling.
· Specification to support UL asynchronous HARQ identified during study phase.
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