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1 Introduction
During RAN1#84bis, the following was agreed regarding PUSCH multi-subframe scheduling in LAA UL.
· DCI format(s) to schedule PUSCH transmission in k<= N subframes with single TB per subframe or two TBs per subframe 

· Value(s) of N is FFS

· Value N is either semi-statically configured or hard-coded, to be further decided

· DCI format(s) will have the following scheduling information types:

· Type A: common to all the scheduled subframes (appearing only once in a DCI)

· carrier indicator, resource assignment, Cyclic shift for DM RS and OCC index

· Type B: subframe specific information (appearing N times for N subframes scheduling)

· NDI 
· FFS MCS is type A or type B
· FFS HARQ process number and redundancy version are type A or type B
· FFS details of scheduling timing indication, and whether it’s type A or type B
· FFS: Type C: applied only to one of the scheduled subframes (appearing only once in a DCI)

· CSI request, SRS request, TPC

· Note: there are maybe other information fields in DCI, to be decided later

· Note: the DCI formats here may not be a complete list, e.g., depending on discussion on resource allocation for PUSCH

In this contribution, we focus on the issues relating to above UL grant design, which can utilize the resources more efficiently.
2 Design considerations on multi-subframe UL grant(s) for UL transmission
A. Discussion on UL grant Types
 Different to the DL LAA scenario, where only NB itself pays attention on collision with other unlicensed band eNB transmitters and unilaterally determines the available channel for transmission. In the UL LAA case, multiple-points to single-point transmission is involved in the UL channel. The scheduled resource at eNB may conflict with the practically available resource observed at the UE side, which leads to resource inefficiency and need more effort and time to complete the UL transmission.  
    In previous meeting, three Types of multi-subframe scheduling for each UE has been approved for reducing LBT overhead. Either cross-cc scheduling and self-scheduling cases can be supported here. For an UE assigned with multiple subframes, adequate resource selection for efficient transmission is relevant. 
    In Type A), single UL grant allows multiple PUSCH subframe transmissions, which is resource efficient especially in self-scheduling case. Neither scheduling request overheads at UE nor multiple trials of DL LBT for UL grant transmissions is necessary. Nevertheless, since scheduling is common to all the scheduled subframes and eNB cannot be aware of the actual channel condition at UE side, some of the allocated subframes couldn’t match with corresponding DCI content and could be inefficient due to UL LBT failure at UE side. 
    Type B) provides multiple UL grants in a single subframe, each UL grant corresponding to a subframe PUSCH transmission. The complexity of processing multiple UL traffics with respect to multiple UL grants is increased at eNB. Compared to Type A), the benefit of this scheme is that eNB can exactly know which UL grant(s) has been processed as a result of UL LBT via ACK/NACK, it prevents resource ambiguity and facilitates re-scheduling. 
    In Type C), multiple subframe candidates are assigned for a UE for single UL grant. This scheme provides multiple opportunities for single PUSCH transmission in view of possible UL LBT failures. It seems create redundancy at first glance, considering multiple UEs can share the same resources for opportunity trials, it could be efficient in multi-UE co-scheduling point of view. For the case that eNB cannot exactly perceive the local channel condition surrounding UEs, this could be a promising scheme to make the whole process of UL transmission efficient, other than repetitive trial-and-errors on limited available resource.   

    Based on above analysis, we think each Type has their role in different level of channel confidence. From initial scheduling, multi-UE co-scheduling on top of Type C) could be applied for improving UL transmission opportunity as well as to settle a function as channel condition awareness at eNB. Afterwards, Type A) or Type B) can be adopted for resource assignment with more knowledgeable channel condition. A consolidated solution of Type A) and Type B) can also be considered for flexibility of UL grant and resource granularity, i.e., one or more UL grants lie in a subframe, for each UL grant, one or more subframes can be allocated. 
    As for resource assignments, since each of multiple subframes could belong to a specific carrier, 2 dimensional resource bitmap should be indicated in DCI, for either type of multi-subframe scheduling.
Proposal 1: Uplink grant scheme in Type C) can be considered for initial uplink scheduling.
Proposal 2: Uplink grant schemes in Type A) and Type B) can be consolidated to a more generalized scheme with one or multiple Uplink grants in a subframe and one or more subframes allocation for each Uplink grant. Each uplink grant could be single subframe-specific or multi-subframe specific.
Proposal 3: 2-D bitmap for multi-carrier and multi-subframe resource scheduling should be supported in DCI. 
B. Ambiguity on selected subframe for UL transmission
      For multi-subframe Uplink grant scheduling, the uncertainty of resources being utilized for UL transmission with respect to UL LBT results is increased. eNB may have difficulty in determining which subframe in the assigned multi-subframe is actually being selected by the scheduled UEs. Therefore, exhausted search over all possible resources is inevitable. To alleviate the receiving overhead at eNB, an indication at the front of the selected subframe could be helpful. For example, UE may transmit reservation signal embedded with its C-RNTI in front of selected subframe after UL LBT success, in this way, eNB can determine in advance if the UL data in the following subframe is available and hence reducing decoding efforts. Other implicit scheme using DMRS as an indication could also be considered.
Proposal 4: Explicit or implicit indication of selected subframe in UL granted multi-subframe is necessary for ease of uplink data decoding at eNB.
C. Blocking issue for multi-user multiplexing
    UL transmission in the current LTE system relies on the centralized resource allocation via eNB and multiple UEs can be scheduled in one subframe, even in unlicensed band case. 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. Since LBT is required for UEs before accessing unlicensed bands. For multiple UEs granted on the same subframe, the first UE successes in LBT and transmits accordingly will block other co-scheduled UEs’ transmission at the same subframe.  For multi-user multiplexing, although eNB can handle CWS adjustment with same random back-off counter generation such that UEs observing idle channel can start transmission at the same time, timing drift among scheduled UE could happen for single UL grant with long multi-subframe transmission. In addition, different UE may have different size and location of scheduled subframes, strictly aligned transmission time in certain subframe could be a problem. 

    To resolve above blocking issue, group based multi-subframe UL grant could be considered. 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 could be co-scheduled, in this case, the reservation signal sent by one UE is more likely to be observed by other co-scheduled UEs and then perform joint transmission accordingly. For group-based UL grant, the reservation signal could embed a Group ID which is delivered during UL grant. If the Group ID can be identified by other co-scheduled UE over a threshold, then this also implicates the channel availability. 
Proposal 5: Considering group based UL grant in multi-subframe allocation for ease of multi-user multiplexing.
D. Reservation Signal Design

    In the following, we consider possible solution to embed Group ID or C-RNTI to uplink reference base sequences
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 acting as a reservation signal. The UEs in the same group can then use the same base sequences and the mapping of 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 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.
    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).
   If the eNB schedule the UEs for two subframes at once. The second subframe can be used 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 UL LAA channel access mechanism can make the resource utilization more efficient. However, it should be evaluated the granularity of granted subframes and how many UEs are multiplexed without impact to fair co-existence with WiFi.
Proposal 6: Sequence design of reservation signal could be SRS-like pattern.

3 Conclusions
    In this contribution, how to support UL grant transmission over multiple subframes for LAA system is analysed. We have the following observations and proposals.
Proposal 1: Uplink grant scheme in Type C) can be considered for initial uplink scheduling.
Proposal 2: Uplink grant schemes in Type A) and Type B) can be consolidated to a more generalized scheme with one or multiple Uplink grants in a subframe and one or more subframes allocation for each Uplink grant. Each uplink grant could be single subframe-specific or multi-subframe specific.

Proposal 3: 2-D bitmap for multi-carrier and multi-subframe resource scheduling should be supported in DCI. 
Proposal 4: Explicit or implicit indication of selected subframe in UL granted multi-subframe is necessary for ease of uplink data decoding at eNB.
Proposal 5: Considering group based UL grant in multi-subframe allocation for ease of multi-user multiplexing.
Proposal 6: Sequence design of reservation signal could be SRS-like pattern.
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