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1 Introduction

The work item ”Enhanced Licensed-Assisted Access to Unlicensed Spectrum” has been approved in the 3GPP TSG RAN #70 meeting [1]. In the objective part, RAN1 is mainly responsible for: 

· 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 this contribution, we discuss possible ways to access unlicensed spectrum for uplink transmission which can utilize the resources more efficiently.
2 Design considerations for UL transmission in LAA
    UL transmission in the current LTE system relies on the centralized resource allocation via eNB and multiple UEs can be scheduled in one subframe, which should be followed even for unlicensed band operation. According to the ETSI regulation, the minimum occupied bandwidth is 5MHz, how multiple UEs  can be multiplexed in one subframe should be specified in an efficient way. 
On the other hand, CCA is required for UEs before transmitting on unlicensed bands. However, the first UE to complete CCA and transmit on the unlicensed band will cause other UEs to fail in CCA, hence the scheduled transmission of other UEs will be blocked and only the first UE to complete CCA will have access to the unlicensed band. This so called inter-blocking problem reduces the efficiency of resource utilization. Therefore, the uplink channel access mechanism for LAA should address the inter-blocking problem between multiple co-scheduled UEs. 
Observation 1: The uplink channel access mechanism for LAA should address the inter-blocking problem between multiple co-scheduled UEs.
3 Mechanisms for UL transmission in LAA
a) Self-Scheduling without LBT
For self-scheduling, the uplink grants are transmitted on the same unlicensed carrier on which UEs transmit. In the LAA downlink, if the continuous transmission time the eNB has transmitted on the unlicensed band is less than Tmcot -1(ms), then it is possible for the UE to transmit on the unlicensed band for one subframe without performing LBT. In this case, the transition time from DL to UL is a 16µs gap at the end of the last downlink subframe. Alternatively, a 25µs CCA can be performed to avoid the hidden node problem. The multiple co-scheduled UEs then can transmit in the same subframe without inter-blocking each other.
For the above scheme, the eNB may have to signal an indicator in the last DL subframe indicating the maximum number of UL subframes that the UEs can transmit on without performing eCCA.
b) Self-Scheduling and cross-carrier scheduling with LBT
On the other hand, if the continuous time the eNB has transmitted on the unlicensed band is greater than Tmcot -1(ms), then the UL UEs have to perform eCCA to access the channel. To avoid inter-blocking in this case, the initial backoff counter N has to be the same for all co-scheduled UEs, which can be signalled to the UEs in the UL grants. However, even if the initial backoff counter is the same, there is no guarantee that the backoff counter will be decreased to 0 at the same time, since the channel environment experienced by the UEs are not necessary the same. Hence, inter-blocking between co-scheduled UEs may still happen.
To resolve the inter-blocking problem, a reservation signal should be transmitted on the unlicensed band until the start of the next subframe by the first UE that has a successful eCCA, and the reservation signal should contain information that can be recognized by other co-scheduled UEs. The information can be e.g., the Cell ID of the eNB so that other co-scheduled UEs can also transmit on the unlicensed band when they detect the Cell ID carried by the reservation signal. 
Alternatively, the eNB can schedule the UEs in a group-based manner. In other words, the eNB can divide the UEs into several groups based on their channel conditions or locations. UEs that are in proximity of each other should be co-scheduled so that the reservation signal sent by one UE is more likely to be detected by other UEs that are co-scheduled. In addition, this way can reduce the probability that other co-scheduled UEs collide with devices of other systems located far from the first UE that has a successful eCCA.  Because they assessed the channel to be clean as a result of the long distance from the UE that transmitted the reservation signal. However, the signal transmitted by other co-scheduled UEs may cause interference to them. Therefore, the eNB should schedule UEs in a group-based manner and the UEs in the same group should be near to each other. The reservation signal transmitted by the UE should contain Cell ID, Group ID or C-RNTI depending on how the UEs are grouped or paired. In case the Group ID or C-RNTI is carried in the reservation signal, it should be signalled to the UEs in the UL grants or signalled by RRC messages if the grouping or pairing of UEs are semi-statically configured.
A possible candidate for the reservation signal is using the uplink reference base sequences
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. The UEs in the same group can then use the same base sequences and the mapping of Cell ID, Group ID or C-RNTI to u and v can be signalled by uplink grants or RRC messages to the UEs. Alternatively, the group hopping and sequence hopping specified in TS36.211 can be utilized with the hopping parameterized by Cell ID, Group ID or C-RNTI. Therefore, if the UEs detect a peak value with the hypothesis detection, then they can multiplex their UL transmission in the same subframe with the UEs that they are grouped or paired.
The mapping of the reservation signals to the RE can follow similar way as SRS.  The sequence should be mapped in one symbol and to every other subcarrier in frequency domain since, in this way, it is easier to achieve the required occupied bandwidth. In time domain, the reservation signal should be repeatedly transmitted and aligned to symbol timing for greater detectability.
On the other hand, it is still possible that the first UE that had a successful eCCA transmitted the reservation signal, however, some UEs that are co-scheduled did not detect it so they did not transmit UL data. Therefore, there should be a gap at the end of an uplink subframe for the UEs failed to access the channel to contend for the channel again, otherwise, the UEs failed to access the channel will have to wait for at least two subframes (assuming the starting position is only symbol #0).
For LAA operation, it is more likely that the number of HARQ processes is small, hence, the eNB can schedule the UEs for two subframes at a time. The second subframe is only for UEs that failed to transmit in the first subframe. To increase the efficiency of UL transmission, instead of reserving a gap at the end of the first subframe, UEs failed to transmit in the first subframe should be allowed to transmit in the second subframe when they detect the SRS transmitted by other UEs that they are grouped with. Therefore, the reservation signals should be the repeatedly transmitted SRS signal so that the UEs can perform the same hypothesis detections for reservation signals and possible SRS. The required signalling can then be minimized.
The above described UL LAA channel access mechanism can make the resource utilization more efficient. However, it should be evaluated that when how many UEs are multiplexed may impact the fair co-existence with WiFi.
Proposal 1: Reservation signal, if needed, contains at least one of the following information: 

Group ID, Cell ID or C-RNTI for multiplexed transmission at the same subframe. 
Proposal 2: Sequence design of reservation signal can be the form of SRS-like signal.
Proposal 3: Existing SRS can act as a kind of reservation signal.
4 Conclusions
    In this contribution, how to support UL transmission for LAA system is analysed. We have the following observations and proposals.
Observation 1: The uplink channel access mechanism for LAA should address the inter-blocking problem between multiple co-scheduled UEs.
Proposal 1: Reservation signal, if needed, contains at least one of the following information: 

Group ID, Cell ID or C-RNTI for multiplexed transmission at the same subframe.
Proposal 2: Sequence design of reservation signal can be the form of SRS-like signal.
Proposal 3: Existing SRS can act as a kind of reservation signal.
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