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1 Introduction

Two of the main outstanding aspects related to PUSCH transmission in eLAA are the resource allocation method and whether to support a two-stage PUSCH scheduling for a more effective utilization of the unlicensed spectrum. In RAN1#84, the basic structure of a two-stage scheduling is that a first grant provides scheduling information (e.g. RB allocation, MCS etc.) and a second grant triggers the PUSCH transmission to achieve short latency [1]. During RAN1#85 and the following email discussion, there was more discussion on the two-stage scheduling without conclusion. The related agreement and possible agreement in [85-5-6] are captured below. 
Agreement in RAN1 84:

· For eLAA, flexible timing between UL grant and UL transmission is supported

· For the details of UL grant(s) for a UE in a subframe enabling PUSCH transmission for the UE in multiple subframes in LAA SCell, at least the following options are considered

· Option 1) Single UL grant in a subframe for a UE can schedule N (N(1) PUSCH transmissions for the UE in N subframes with single PUSCH per subframe

· FFS: N is consecutive or non-consecutive

· Option 2) Single UL grant in a subframe for a UE can schedule single PUSCH transmission in a single subframe while UE can receive multiple UL grants in a subframe for PUSCH transmissions in different subframes

· Option 3) Single UL grant in a subframe for a UE can enable the UE to transmit single PUSCH transmission  among one of the multiple subframes depending on UL LBT result

· FFS: Two stage grants. A common semi-persistent grant provides high level information (e.g. RB allocation, MCS etc.) and a second grant in a subframe for a UE can schedule PUSCH transmissions following options 1 and 2 for certain UL subframes.
Possible agreement 9:

· Introduce two-staged grant based operation for scheduling UL PUSCH in eLAA

· First grant provides all the scheduling information for constructing the packet (actual timing is not indicated)

· The timing of UL transmission relative to the trigger is indicated by the “timing/offset field” in the first grant

· Grant based trigger can be used to indicate/derive the actual transmission timing

· The time between the 2nd trigger and UL transmission can be smaller than 4ms (e.g. 1ms or 2ms). 

· The trigger can be transmitted using [1/2] bits in the PDCCH DCI scrambled with CC-RNTI 

· Note: 2 bits can trigger one out of three different groups and also indicate no UL transmission. 1 bit can indicate whether UL transmission for all UEs is performed or not  (i.e. all UEs belong to one group)

· FFS: How the start and duration of UL burst is indicated to the UEs (e.g. in the common DCI)

· FFS: details of LBT mechanism

· FFS: Configuration of such a scheduling mode for UL 

· FFS: Indicate transmission burst ID, e.g., n-bit toggling

This contribution considers operational aspects and the necessity of a two-step UL grant. A companion contribution [2] provides a summary of views on PUSCH resource allocation.
2 Discussion    
2.1 Latency reduction by two-step grant scheduling   

The minimum latency of 4ms between UL grant and PUSCH may lead to poor network efficiency in UL-heavy scenario as the three subframes between the DL subframe carrying UL grant and the subframe of the corresponding PUSCH transmission may not be fully utilized. 

The 4ms latency may also lead to lower channel access opportunity. The eNB can hold the channel for the UE so that UE is more likely to access the channel if the gap between the end of the DL transmission and the start of the UL transmission is sufficiently small. However, the 4ms latency may incur a three subframe gap in UL-heavy scenario and during that gap other nodes may contend and occupy the channel.  
Yet in spite of potential advantages of reduced latency, the 4ms latency for PUSCH transmission is maintained in UL LAA considering the impact on the required UE processing capability for lower latency.      
A two-step UL scheduling grant is expected to efficiently reduce the PUSCH transmission latency. The first grant provides all the necessary information for PUSCH preparation while the second grant is a trigger to indicate/derive the actual transmission timing. UE can finish PUSCH encoding before the second grant and the latency between second grant and the PUSCH transmission can be smaller than the latency between the legacy UL grant and the PUSCH transmission. 1 ms or 2 ms (including TA) is suggested as the minimum latency.

There can be two alternatives for a two-step grant scheduling a PUSCH transmission. 
· Alternative 1: 1st grant is by semi-static signalling, e.g., RRC signalling. Due to HARQ-ACK feedback, the eNB can know whether or not the UE detected the 1st grant. This approach also requires signalling of only the 2nd grant which can be beneficial for operation on unlicensed spectrum as its availability is only occasional. Power control information can be included in the 2nd grant. If flexible PUSCH transmission timing is to be supported, the timing offset relative to the reference subframe can also be conveyed in the 2nd grant. The reference subframe can be the DL subframe of the 2nd grant transmission or the beginning of the UL burst. Since the 2nd grant includes some UE-specific parameters, UE-specific or UE group-specific like Format 3/3A is more suitable than cell-common signalling. The latency between 2nd grant and PUSCH transmission includes the processing time for UL grant decoding, UL power preparation, some subframe specific processing (such as sequence generation) [3], and TA. 
· Alternative 2: 1st grant is dynamic signalling, e.g., legacy UL grant without the triggering function. HARQ information and power control information can also be conveyed by the 1st grant. If the flexible PUSCH transmission timing is to be supported, the timing offset relative to the reference subframe can be included in the 1st grant or, to support multiple triggering opportunities, in the 2nd grant. The 2nd grant may only act as a trigger. Since the 2nd grant does not include UE-specific parameters, cell-common signalling, for example in C-PDCCH, can be used if all UEs addressed by the 1st grant are triggered PUSCH transmissions in the same subframe; otherwise, UE-group common signalling, such as with DCI format 3/3A, can apply. UE group triggering can also be supported by C-PDCCH by adding two or more bits in the DCI format to address respective two or more groups of UEs where the group for each UE is configured by RRC. When eNB triggers one UE-group, only UEs that already received the 1st grant transmit scheduled PUSCH in the corresponding UL subframe. The latency between the 2nd grant and PUSCH transmission includes the time for grant decoding, some subframe specific processing (such as sequence generation) and TA. However, power adjustment time may still be needed, when UE finds to be power limited upon the reception of the 2nd grant. UE cannot figure out the total transmit power depending on the number of UL carriers to be transmitted in the same UL subframe, until UE receives the 2nd grant which derives the actual transmission timing. Therefore, power scaling after the 2nd grant would happen although no new TPC command is included in 2nd grant.    
2.2 Error cases in two-step grant scheduling 

A UE may fail to detect the UL grant for legacy one-step grant scheduling and then the UE does not transmit the scheduled PUSCH. For two-step grant scheduling, a UE may fail to detect the 1st grant or the 2nd grant. If the eNB transmits a new 1st grant to override a previous 1st grant before triggering the transmission for a UE and assigns the resource indicated by this previous 1st grant to another UE, collision between UEs can occur if the first UE fails to detect the new 1st grant. If the 1st grant is by RRC, protection is provided against such error case by the HARQ-ACK feedback. HARQ-ACK feedback can also be introduced for the 1st UL grant by PDCCH. In another case, if the eNB assigns overlapped frequency resources to different UEs for respective PUSCH transmissions and the eNB intends to trigger these UEs in different UL subframes by transmitting 2nd grants for different UL bursts, the PUSCH transmissions may collide if some UE miss detects its  2nd grant and assumes the detected 2nd grant as its triggering. Such error case appears when 2nd grant is by C-PDCCH.  

Therefore, mechanisms to ensure the same understanding for a 1st grant and an associated 2nd grant are needed. 
2.3 Reference subframe 
UE should know the reference subframe to derive the actual transmission timing because only the offset relative to the reference subframe is indicated by the eNB. 

For legacy one-step grant scheduling, the reference time is the DL subframe of the UL grant reception. For two-step grant scheduling, the reference time can be either the DL subframe of the 2nd grant reception or the first subframe of the UL burst. Whether explicit or implicit indication of the starting position of UL burst needs further study with the consideration of the signalling overhead and scheduling flexibility. In addition, the UL burst duration may also need to be indicated. 
2.4 Others 

For simultaneous UL transmissions on both licensed and unlicensed carriers in the same UL subframe, a UE confirms the UL transmissions on licensed and unlicensed carriers at different times because the latency between 2nd grant and PUSCH transmission on unlicensed carriers is less than the latency between UL grant and PUSCH transmission on licensed carriers. As a result, a UE may not know the actual transmission timing on unlicensed carriers when the UE begins preparation for UL transmission on a licensed carrier despite the received 1st grant for unlicensed carriers. One related issue is PHR report. A UE cannot determine the PHR type (real or virtual) for unlicensed carriers when the UE calculates the PHR for all active carriers because the UE does not know whether there is any transmission on unlicensed carriers in the PHR reporting subframe. 

Furthermore, a two-step grant scheduling also requires for a UE to buffer each PUSCH generated per LAA SCell in response to a respective 1st grant. This is a functionality that is not currently supported by UEs and will result to increased UE complexity.
Based on the analysis above, many aspects related to a 2-step PUSCH scheduling on LAA SCells need to be studied and specified to enable proper operation. Considering specification timelines, this is more appropriate to do in the next LAA-related WI.
Proposal: Two-step grant scheduling is not supported in Rel-14 eLAA.  
3 Conclusions
This contribution considered aspects related to a two-step (2-grant) scheduling approach for PUSCH transmissions on LAA cells. Several aspects require further consideration and for this reason, it is proposed that two-step PUSCH scheduling is further considered in the next LAA WI.
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