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1. Introduction
In RAN#68 meeting, a WI on Licensed-Assisted Access (LAA) using LTE was approved [1]. It is desirable to prioritize DL-only in Rel-13 WI. Meanwhile, issues of UL+DL transmission should also be discussed to ensure compatible design for UL+DL and DL-only scenario, so that the UL for LAA SCells can be added in future release without modifications to the DL design.

In this contribution we try to analyze and summarize the principles of UL channel access and UL forward compatibility mechanism, and other issues on UL when unlicensed carrier support  DL/UL operation.
2. Frame structure and DL/UL configuration

In this section, we describe various possibilities for the frame structure and DL/UL configurations to be used for LAA and analyze their pros and cons.

Alternative 1: Reuse existing radio frame structure and TDD UL/DL configuration
When UL and DL data transmissions on the unlicensed spectrum are supported on the same carrier, a straight forward approach would be to reuse the TDD frame structure. If eIMTA is used, the eNB can choose the frame structure either semi-statically or dynamically at every channel access opportunity. eNB uses the predetermined DL subframes  for DL transmission on a unlicensed carrier, and UE uses the predetermined UL subframes  for UL transmission on a unlicensed carrier.
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. 
Alternative 2: Redesigned frame structure and adaptive the D/UL configuration
Besides the existing TDD UL/DL subframe configurations, new DL/UL configurations and adaptive variable length frame 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 signal the UL/DL subframe to all UEs at the beginning of each TXOP, which can maximize efficiency and more access flexibility for both DL/UL transmissions. In addition, the chosen DL/UL configuration can be communicated to other eNBs of the same deployment, thus enabling inter-cell interference coordination.
Alternative 3: Frameless grant based transmission or flexible DL/UL utilization
This option is that the DL/UL transmission does not follow the TDD frame structure. Instead the DL/UL transmission can start at any subframe and finish at any subframe if necessary, as long as the regulation requirements are satisfied. Any instant in time can be part of a DL transmission burst or an UL transmission burst based on scheduling. In this case, UE according to DL/UL grants to know which subframe is UL subframe and which subframe is DL subframe. 
However, UE would have to  monitor a significant number of grants per subframe to determine the presence of a valid DL transmission, PUCCH and SRS location, reference signals such as CSI-RS and DRS etc. and if the number of false alarms goes up significantly and can result in the UE and eNB being out of sync or in corrupted measurements. And as the UE has to monitor control channels or CRS, power consumption can increase rapidly. Otherwise, indication is needed to indicate of DL transmission. And the inter-operator cross-link interference in addition to intra-operator cross-link interference is more severely.
Proposal 1: It is recommended that adaptive frame structure for LAA with varying number of DL/UL subframes in each transmission burst is used.
3. LBT and Scheduling scheme for UL transmission
For centralized scheduling in LTE, both self-scheduling and cross-carrier scheduling have been supported for carrier aggregation. And different LBT schemes for UL channel access have been discussed in our contribution [2]. In this section, we discuss proposed design options for LAA UL transmission, with emphasis on UL scheduling, eNB LBT, UE LBT and combined with subframe structure.
Option1: Self-carrier scheduling and only eNB performs LBT for PUSCH transmission
In this option, eNB have PDSCH to send, and transmitting UL grants, and the corresponding PUSCH transmission occur in the same unlicensed band. As Figure 1 illustrated, the eNB performs CCA before sending PDCCH/EPDCCH/PDSCH, if the channel is idle, eNB sends PDSCH and UL grant to schedule UEs and UE just follows UL grant without performing LBT. Otherwise, if the operating channel is occupied, the eNB delays transmitting DL and UE cannot send UL data either.
The subframe structure can be illustrated in figure 1. The GP is at the end of the DL transmission burst subframe or the start of the UL transmission burst subframe, and its duration is as comparable to SIFS. In this mode of operation, the duration between the start of the DL transmission burst and the end of the UL transmission burst is less than the maximum channel occupancy time to meet the regulatory requirement. 
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  Figure 1: An illustration of a series of eNB LBT, UL grant/PDSCH transmission, and PUSCH transmission 
If eNB perform LBT for PUSCH transmission, reuse the existing UL scheduling and transmission framework can be reached as much as possible after eNB finished CCA and this scheme have minimum spec changes except the GP define. Besides, it may satisfy Japanese regulation. However, the collision between UE and its nearby site may happen. And methods for effective use of the limited channel occupancy time need further study. 
Option 2: Self-carrier scheduling and UE Fast LBT for PUSCH transmission 
In this option, the difference from option 1 is that UE also do LBT before transmitting PUSCH. However, UE LBT parameters or scheme should be carefully chosen so that UE LBT can be faster than eNB LBT as description in our contribution [2].  An example of this option is presented in Figure 2. After receiving a UL grant from the same unlicensed carrier, UE performs an LBT at the last OFDM symbol of the previous subframe of the scheduled UL subframe or the first OFDM symbol of the scheduled UL subframe. And if the LBT cannot be completed during the allowed duration, the scheduled PUSCH is not transmitted.
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Figure 2: An illustration of a series of eNB LBT, UL grant transmission, UE fast LBT and PUSCH transmission
It has been identified that for the case with uplink self-scheduling where the UE applies a LBT procedure before transmitting UL, two successful LBT operations are required before the UE transmits on the UL. Obviously this procedure may lead to a low probability of uplink transmission opportunity and produce severely unfair channel access between Wi-Fi and LAA. Therefore, a faster LBT is necessary for UE, which help UEs grab the channel earlier than other contending nodes. Besides, the uncertainty of UL transmission would degrade scheduling efficiency caused by UE’s failure LBT.
Option 3: Cross carrier scheduling and eNB LBT for PUSCH transmission 

In this option, DL traffic is not present and the UL grant is sent on a licensed carrier, and it allows the eNB to perform LBT on behalf of the scheduled UE for PUSCH transmission while the scheduled UE does not perform any sensing. Furthermore, eNB after performing LBT ensures that it transmits reservation signal, the reservation signal may include some DL signals such as DRS and CSI-RS. Figure 3 shows an illustration of a series of UL grant, eNB LBT and PUSCH transmission. And the GP duration is as comparable to SIFS and also can be used for RX-to-TX switching for UE.
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Figure 3: An illustration of a series of UL grant, eNB LBT and PUSCH transmission via cross carrier scheduling
In this case, UE can perform UL transmission of PUSCH with pre-received grant after eNB completing a successful CCA. And the UL transmission delay on unlicensed band can be reduced and the problem caused by the maximum 4 ms channel occupancy time limit in Japan can be resolved. Some form of signalling may be needed to indicate UE about UL transmission if eNB performs CCA successfully and only the UEs which received both of UL grant and detected the indication signal can transmit UL data. Besides, reservation signal can cause a noticeable degradation to throughput.  
Option 4: Cross carrier scheduling and UE regular LBT for PUSCH transmission 

The difference of this option from option 3 is that UE do a regular LBT before transmitting PUSCH. And the UL LBT scheme for UE is the same as DL. UE performs a regular LBT during k symbol(s) of the previous subframe of the scheduled UL subframe. And if the UE finish CCA successfully ahead of the PUSCH transmission timing, a reservation signal may be need. Figure 4 shows an illustration describing possible sequence of UL grant transmission, UE regular LBT and PUSCH transmission via cross carrier scheduling.
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Figure4. An illustration of a series of UL grant, UE regular LBT and PUSCH transmission via cross carrier scheduling 

If PUSCH is scheduled using cross-carrier scheduling on a licensed carrier, one CCA check is avoided compared with self-scheduling. 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, therefore, multi-subframe scheduling can be introduced. Besides, the overhead of reservation signal will be quite large if UE starts CCA too early.
Considering the coexistence with wifi, we think LBT and scheduling scheme for PUSCH transmission can dynamically adjusted according to different case. When eNB perform CCA successfully, it can choose to indicate to the UE not to perform LBT before transmission or tell UE to perform a simpler CCA. 
Proposal 2: Allow dynamic and/or semi-static switching among the combinations UL scheduling and LBT scheme for LAA UL. 
4. Discussion on other issues of UL 
4.1 PUCCH 
For downlink data transmission, UE ACK/NACK is needed. Besides, For LBT Category 4 operation for PDSCH, contention window size can adjust based on feedback/report of UE, such as ACK/NACK or CQI. Supporting PUCCH on Scell in Rel-13 CA is under discussion, and considering the overload of licensed carrier, PUCCH transmission through the unlicensed carrier may be supported. 
Although，PUCCH transmit with PUSCH are support in CA, the coverage can be effected. Therefore, if the PUCCH carrying UCI separately transmitted on unlicensed carrier and occupy only the two boundary position of UL system bandwidth, and transmission Occupied Channel Bandwidth is not satisfied the regulation. Therefore, design of PUCCH to satisfy the regulatory requirement of occupied channel bandwidth should be taken into account if LAA support PUCCH transmission separately on unlicensed band.
4.2 CSI reporting
For LAA, DL CSI is needed for efficient downlink data scheduling, and UE need to do DL CSI measurement and feedback to eNB through UL channel. Besides, UE can help to solve hidden node problem, For example, RTS/CTS like mechanism via UE or UE assisted channel measurements and reporting may be an option. 

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. Aperiodic CSI report transmitted on unlicensed band could offload some payload. But aperiodic CSI report might be detained due to the uncertainty of UL transmission on unlicensed band. Therefore, whether aperiodic CSI report could be transmitted on unlicensed band need further study. Detail discussion can be seen in our contribution [3].
4.3 SRS

SRS transmission can facilitate eNB’s DL scheduling (channel reciprocity). 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. However, if SRS is still sent at the last symbol as current specification, other UE CCA successfully may be affected. In this case, SRS carrying cell-specific information can be can considered to tell other UE of the same cell transmit at next subframe. Or the SRS transmit on another predefined symbol would be another choice to solve the problem.

Besides, SRS can be separately transmitted with LBT or without-LBT. 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.
4.4 Multi-user multiplexing

In SI, support of UL multiplexing of multiple UEs in one subframe has been agreed. 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, such as CCA pattern can related to allocation resource，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.
Because the channel accessibility of each UE is unpredictable at the eNB side when the eNB performs centralized scheduling for all the served UEs. And the allocated resource may be wasted caused by the UE LBT failure. As a result, the spectrum usage would not be satisfying the Occupied Channel Bandwidth requirement due to a mismatch between the eNB scheduling and the UE LBT results. For this, multiple UEs’ transmission multiplexed in spatial domain by MU-MIMO can alleviate this problem. 
4.5 Reservation signal
For LAA UL, as show in section 3, 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. Besides, from section 4.4 discussions, we can see reservation signal may be used for accomplishment UL multi-UE frequency domain multiplexing. Therefore, the reservation signal for UL need to further study.
4.6 Multi-cluster allocation 
In SI, 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 as well as support multi-user multiplexing in one subframe. The spacing between RBs/subcarriers for one UE indirectly determines the multiplexing capacity in frequency domain. Equally-spaced sub-carrier based resource allocation can preserve the single-carrier low CM property, but new resource allocation scheme is to be introduced. On the contrast, equally-spaced RBs based resource allocation can keep current RB granularity as well as higher CM. Besides, the spacing between RBs/subcarriers should also consider the impact on channel estimation performance. 
The parameters of this resource allocation scheme, such as the size of each cluster, spacing between clusters or subcarriers, and the number of clusters each UE allocation should be carefully designed.  So that,  even the worst case that only one UE out of all scheduled UEs in the given subframe transmitting PUSCH  happen, the regulatory requirement of occupied channel bandwidth or the PSD can still be satisfied.  In other words, the uncertainty of UL transmission should also be taken into account. Therefore, PUSCH waveform should be specified.     
4.7 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.
4.8 PUSCH transmission
· 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.

· Transmission efficiency
If the UE not be able to transmit its data in the required subframe due to the failure LBT, a large delay in the UL LAA transmissions may occur. Therefore, increase UL transmission opportunities method should be considered for LAA. Besides, effective use of the limited channel occupancy time also need further study. In 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.

Proposal 3: To support DL/UL transmission effectively, further UL design may be needed and additional specification efforts are needed for LAA UL.
5. Conclusion
This contribution presents our views on several aspects of LAA UL framework. The proposals and observations are as follows:
Proposal 1: It is recommended that adaptive frame structure for LAA with varying number of DL/UL subframes in each transmission burst is used.
Proposal 2: Allow dynamic and/or semi-static switching among the combinations UL scheduling and LBT scheme for LAA UL. 

Proposal 3: To support DL/UL transmission effectively, further UL design may be needed and additional specification efforts are needed for LAA UL.
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