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1	Introduction
In RAN#70, a WI on enhanced LAA focusing on introduction of LAA UL CA operation has been approved in [1], where one of the approved objectives reads as:
· 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 focus on UL scheduling and discuss potential needed enhancements of UL grant content in order to enable flexible PUSCH scheduling through self-scheduling as well as cross-carrier scheduling from licensed LTE cells. 

2	Discussion of possible LAA UL grant enhancements 
In this section we discuss different UL grant enhancements that might be needed depending on the intended LAA UL operation. 
2.1 UL HARQ operation related UL grant enhancements
During the LAA SI phase there have been discussions on introducing Asynchronous UL HARQ for LAA, which will have an effect on the UL grant design, as it requires information on the HARQ process ID as well as the redundancy version. 
Possible UL grants enhancements are therefore depending on UL HARQ operation decisions. We discuss LAA UL HARQ operation and our related proposals including the confirmation the SI conclusion/decision to base LAA UL operation using Asynchronous UL HARQ in a separate companion contribution [3]. 
Observation #1: UL grant enhancements will be needed when using Asynchronous UL HARQ operation (i.e. need to signal HARQ process ID as well as redundancy version). 

2.2 PUSCH resource allocation related UL grant enhancements
As extensively discussed in the SI phase and partially noted in the TR [2], there are certain limitations for PUSCH resource allocation coming partially from regulation (e.g. min. bandwidth occupancy) as well as negative effects of narrowband transmissions on the LBT operation in terms of co-existence. Therefore, a different PUSCH resource allocation mechanism with some restrictions will be needed for LAA compared to the rather flexible LTE UL resource allocation for licensed band carriers, as we discuss also in our companion contribution [4].
Depending on the decision on the LAA PUSCH resource allocation mechanism, the number of bits used in the UL grant for resource allocation might be different (i.e. lower). As a consequence, the LAA UL grant might only contain the required number of bits for the needed LAA PUSCH resource allocation and not the number of bits for licensed band carriers. 
Observation #2: UL grant enhancements in terms of number of bits required for LAA PUSCH resource allocation are envisioned, depending on the final design of the LAA PUSCH resource allocation. 

2.3 Effect of flexible UL scheduling on UL grant design
LTE FS2 supports since Rel. 8 a configurable frame structure configuration (i.e. UL/DL Config. #0 to #6). By knowing the TDD configuration, the timing relation between when the UL grant has been received and when the UE is allowed to transmit the related PUSCH is fully specified, and no specific signaling content in the UL grant has been needed. 
Looking now at UL operation of LTE FS3, LAA might not be limited to the legacy UL-DL configurations any longer. The discussions in the LAA SI phase clearly indicated that a very flexible and ‘rather’ dynamic UL/DL partitioning of the LAA resources in the time domain is envisioned. This includes longer UL TxOPs than what is currently supported by the existing TDD FS2 UL/DL configurations, which is limited to 3 UL subframes plus the UpPTS part of the special subframe (i.e. UL TxOP <4ms).
The LAA WID in [1] clearly indicates, that self-scheduling of LAA UL operation is to be supported which means that also self-scheduling for some very UL heavy usage of the unlicensed carrier is to be supported. As a consequence, it will be required to support PUSCH scheduling of several UL subframes from a single DL subframe. Scheduling of several UL subframes for a single UE can be either done by independent grants (requiring several DCIs to be transmitted to the UE) or through PUSCH multi-subframe scheduling, where a single grant is able to schedule the UE in several PUSCH subframes. Considering, that a rather large number of UL (e.g. up to 10 for a single TxOP) might be envisioned to be scheduled from a single subframe, it seems that fully relying on individual grants only seems to be not a viable option. We therefore propose to specify multi-subframe UL grants for LAA UL operation. 
Proposal #1: Specify multi-subframe UL grants for LAA. Detailed content of multi-subframe LAA UL grants is FFS.
Independent of the introduction of multi-subframe LAA UL grants, one thing to consider is the timing relation between UL grant reception and PUSCH transmissions. A fixed timing relation as being present in LTE might not be feasible any longer considering more flexible (or no) LAA frame structure as well as unsuccessful DL LBT impacting the UL grant transmission in case of LAA UL self-scheduling. 
If the UL grant cannot be transmitted due to DL LBT failure in case of LAA UL self-scheduling, there would be no opportunities for the UL transmission, regardless of whether the channel is idle before the intended UL transmission or not.
In this case, an UL grant mechanism, which allows the UL grant for UL transmission to be signaled by eNB in one of the multiple candidate subframes ahead of the LTE scheduling time (i.e. UL grant transmitted earlier than the LTE n+4 timing relation), could be considered to increase the transmission opportunity of UL grant for UL transmission. As long as the channel is free in one of the DL subframes, the UL grant could be transmitted. Compared to the legacy UL grant transmission with pre-defined scheduling delay, such a forward-scheduling UL grant mechanism can provide more transmission opportunities for the UL grant. Based on some timing indication included in the UL grant DCI, the scheduled UE would know for which subframe it is scheduled for PUSCH transmission. Similarly, for multi-subframe LAA UL grants the same timing indication could be used to define the start of the PUSCH transmission burst scheduled for the UE.
But there is a second reason to consider including some scheduling timing relation in the UL LAA grant. As discussed earlier, LAA might envision some more flexible UL/DL resource partitioning than given by the available LTE FS2 UL/DL configurations. Therefore, a fixed timing relation between UL grant reception and the scheduled UL subframe will not be applicable any longer. Even if there would be some kind of LAA frame structure type of signaling defined in Rel. 14 (as discussed in our companion contribution [5], e.g. as part of the LAA common DCI), there will be a need to include at least some timing relation in the respective LAA UL grant. Otherwise, scheduling of a longer UL TX bursts will not be possible.
The basic operation principle of ‘forward-scheduling’ discussed here is illustrated by some example for the case of single-subframe UL grants in Figure 1 as well as multi-subframe UL LAA scheduling in Figure 2.
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Figure 1: Potential forward-scheduling of LAA UL grants (>=n+4)
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Figure 2: Forward-scheduling of LAA multi-subframe grants (i.e. burst to start earliest from n+4)
Based on the discussions above we propose:
Proposal #2: Consider to support forward-scheduling by including some scheduling timing relation to the LAA UL grant.

  
2.4 Effect of UL Multi-user multiplexing on the UL grant design
During the SI phase, the focus on UL multi-user multiplexing has been fully focusing on multi-user multiplexing within one (UL) subframe with the following agreements being available from the LAA Ad-Hoc [6]: 
Agreements:
· Target the support of UL multiplexing of multiple UEs in one subframe by
· Multiplexing in frequency domain
· The supported resource assignment (e.g. number and location of allocated RBs) is FFS
· Multiplexing by MU-MIMO

One thing not discussed so far is in addition the TDM multiplexing of several UEs within a single UL TxOP (see also the related discussion in our companion contribution [4]), where basically there is a need to provide a gap for UL LBT for some UE starting its UL TxOP later on. 
Clearly, one valid PUSCH and LBT design option for LAA Rel. 14 would be to require LBT before each PUSCH subframe. This is illustrated in an exemplary Figure 3. 
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Figure 3: Required UL LBT gap with shortened PUSCH subframes (LBT before each PUSCH subframe)
A needed UL transmission gap will be needed before each PUSCH subframe in an otherwise continuous burst of UL subframes as shown there. As a consequence, the UL subframes will need to be shorter than 14 SC-FDMA symbols in order to make space for the required UL LBT gap. In case of Figure 3, either at least the PUSCH in subframes #x to #x+2 need to be shortened PUSCH subframes in case the last SC-FDMA symbol(s) are to be punctured and used for LBT, or #x+1 to #x+3 in case the first SC-FDMA symbol(s) within a subframe are to be used for LBT. 
Another UL LBT option for multi-user TDM is shown in Figure 4, where basically there is an UL LBT gap needed between SF#x+1 and SF#x+2, when scheduling at least one new user in UL in SF#x+2 compared to the UEs transmitting in uplink direction in SF#x and SF#x+1.
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Figure 4: Needed UL LBT gap between UL subframes in case the scheduled UL users change.
But not just for TDM of different users there might be a need for an UL LBT gap required some shortened PUSCH, but also for several consecutive UL TxOPs (without a DL between) some LBT gap will be needed in order to efficiently utilize the channel. In terms of Figure 4, the first two UL subframes (SF#x and SF#x+1) as well as the last two UL subframes (SF#x+2 and SF#x+3) might be considered as separate, independent UL TxOPs. Without shortened PUSCH/UL subframes, there might be a need to leave a full subframe empty reducing the LAA UL multiplexing capabilities. 

Independently, overall we might need to make the following observation:
Observation #3: Shortened PUSCH subframes might be needed for providing some UL LBT gap in order to support UL multi-user TDM or operation of two UL Tx bursts separated by a LBT gap.
Similarly as with the Rel. 13 LAA PDSCH shortened ending subframe, the length of such shortened PUSCH subframe (shortened at the beginning or at the end) might need to be signaled to the UE possibly in the UL grant, if not given by specification directly or indicated through some common ‘frame structure’ signaling or common DCI. This includes the case, that in the example Fig. 4 the shortened PUSCH/UL subframe might not be only occurring either at the beginning or the end of a continuously scheduled UL allocation for the UE but based on eNBs discretion.
We would like to summarize the discussions here in the following related observation:
Observation #4: The design decisions of the envisioned UL LBT operation combined with the need for shortened UL/PUSCH subframe might have an impact on the UL grant content.



3	General UL scheduling considerations
Rel. 13 LAA (DL) supports self- as well as cross-carrier scheduling. Based on the Rel. 14 LAA WI description, the same scheduling methods are also supported for the LAA UL SCell. For licensed band operation, there is just a scheduling mode for an SCell – either self-scheduling for UL & DL or cross-carrier scheduling from a single scheduling cell for UL and DL grants. 
The supported UL scheduling methods had been already extensively discussed during the LAA SI phase, and some recommendation has been included in the TR [2], where it reads:
Four possible scheduling combinations for an LAA SCell are identified below.
-	Combination 1: Self-scheduling on both DL and UL
-	Combination 2: Self-scheduling on DL and cross-carrier scheduling on UL
-	Combination 3: Cross-carrier scheduling on DL and self-scheduling on UL
-	Combination 4: Cross-carrier scheduling from the same scheduling carrier for both DL and UL
The LTE design in Rel-12 supports combinations 1 and 4 above. In addition, 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. Therefore, it could be beneficial to support scheduling combination 2 above in addition to combinations 1 and 4 which are already supported in LTE. In contrast, no clear use case has been identified for combination 3. Therefore, it is recommended that combination 3 should not be a design target for LAA. It can be further considered whether combination(s) 1, 2, and 4 should all be supported or some of them should be supported. 

As UL and DL LAA are to both support (at least independent) self- and cross-carrier scheduling as noted above, we think that clearly Combination 1 and Combination 4 should and could be supported, considering that these combinations are also supported for licensed band LTE carriers and no additional specification will be needed (on top of the self- & cross-carrier UL scheduling support specifically mentioned in the LAA Rel. 14 WID [1]). 
This leaves us with the question, if combination 2 should be supported. Based on the discussions during the study items phase (as noted also in the TR as copied above), we also think that clearly Combination 2 has some merits and should be also supported – even though it will require some further specification changes to split the UL and DL scheduling cell for a single LAA SCell. 
Proposal #3: Rel. 14 LAA supports SCell scheduling Combination 1 (UL & DL self-scheduling), Combination 2 (DL self-scheduling, UL cross-carrier scheduling) as well as Combination 4 (UL & DL cross-carrier scheduling). 
The required needed specification changes in order to support LAA scheduling combination 2 (DL self-scheduling, UL cross-carrier scheduling) clearly have an RRC impact, as the RAN2 specifications will need to support the separate RRC configuration of an UL and DL scheduling cell as part of the CA configuration of a Rel. 14 LAA Scell. 
Observation #5: The RRC configuration of a Rel. 14 LAA SCell will need to enable the separate configuration of an UL and DL scheduling cell in order to support Scheduling Combination 2.
Moreover, as noted in [7] there is a need to consider the number of blind decodes a UE needs to perform. In case the UE is required to monitor all the DCI formats on both carriers with the same number of aggregation level candidates, the DL control decoding complexity for this scheduling method would be double. As noted in [7] a reduced number of aggregation level candidates on the UL and DL scheduling cell as well as restrictions on the number of DCIs to be monitored on the UL and DL scheduling cell for such an LAA Scell can be considered. 
Proposal #4: RAN1 to study and specify blind decoding reduction methods for the support of having a split UL and DL scheduling cell (i.e. Scheduling Combination 2) for Rel. 14 LAA. 


4	Conclusion
In this contribution we discuss potentially needed enhancements to the UL grant design for LAA and LAA UL scheduling. 
Based on the discussions in this contribution the following observations and proposals are made related to UL grant enhancements: 
· Observation #1: UL grant enhancements will be needed when using Asynchronous UL HARQ operation (i.e. need to signal HARQ process ID as well as redundancy version).
· Observation #2: UL grant enhancements in terms of number of bits required for LAA PUSCH resource allocation are envisioned, depending on the final design of the LAA PUSCH resource allocation. 
· Proposal #1: Specify multi-subframe UL grants for LAA. Detailed content of multi-subframe LAA UL grants is FFS.
· Proposal #2: Consider to support forward-scheduling by including some scheduling timing relation to the LAA UL grant.
· Observation #3 & #4: Shortened PUSCH subframes might be needed for providing some UL LBT gap in order to support UL multi-user TDM or operation of two UL Tx bursts separated by a LBT gap. The design decisions of the envisioned UL LBT operation combined with the need for shortened UL/PUSCH subframe might have an impact on the UL grant content.

The discussions on UL LAA scheduling we would like to summarize here as:
· Proposal #3: Rel. 14 LAA supports SCell scheduling Combination 1 (UL & DL self-scheduling), Combination 2 (DL self-scheduling, UL cross-carrier scheduling) as well as Combination 4 (UL & DL cross-carrier scheduling). 
· Observation #5: The RRC configuration of a Rel. 14 LAA SCell will need to enable the separate configuration of an UL and DL scheduling cell in order to support Scheduling Combination 2.
· Proposal #4: RAN1 to study and specify blind decoding reduction methods for the support of having a split UL and DL scheduling cell (i.e. Scheduling Combination 2) for Rel. 14 LAA. 
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