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At the RAN1 #84 meeting, the multiple subframe scheduling of PUSCH on LAA SCell to reduce the PDCCH/EPDCCH overhead was discussed and following agreements were achieved:
Agreements:
· In Rel-14 LAA, UL grant(s) for a UE in a subframe can enable PUSCH transmission for the UE in multiple subframes in LAA SCell for both cross-cc scheduling case and self-scheduling case.
· FFS: Detail
Agreements:
· 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 (N1) 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.
Agreements:
· For UL transmission in eLAA Scells, flexible timing between the subframe carrying the UL grant and subframe(s) of the corresponding PUSCH(s) is supported
· Working assumption: The minimum latency is 4ms
Besides, during Rel-13 LAA SI, following observations regarding PUSCH scheduling design for LAA SCell were also made [1].
Observations:
· Following possible scheduling combinations for a LAA CC are identified:
· Combination 1: DL/UL: self-scheduling
· Combination 2: DL: self-scheduling; UL: cross-carrier scheduling
· Combination 3: DL: cross-carrier scheduling; UL: self-scheduling
· Combination 4: DL/UL: cross-carrier scheduling from a same scheduling CC
· Continue study until RAN1 #81 meeting considering above combinations except for combination 3
· FFS: Combine multiple combinations
In this contribution, we discuss on UL scheduling design for eLAA. The possible enhancements on the UL grant for the scheduling of UL LAA are also provided.
UL scheduling design for eLAA
Multiple subframe scheduling
In legacy UL transmission, usually one DL subframe could only schedule one UL subframe via the UL grant. While this kind of scheduling mechanism has low transmit efficiency for LAA UL transmission due to multiple LBT attempts and multiple UL grants. With this consideration, three options of multiple subframe scheduling, which is introduced in Section 1, were agreed in RAN1#84bis meeting. 
Both Option 1 (single UL grant) and Option 2 (multiple UL grants) could enable UL grant(s) in one subframe to schedule PUSCH transmission in multiple subframes in LAA SCell, While Option 1 would be better than Option 2 in terms of DCI overhead. For the UL grant of Option 1 to scheduling multiple UL subframes of one UE, some of the fields in the UL grant could be common for all the scheduled subframes, such as RB allocation and MCS. Some of the fields are different for the scheduled multiple subframes, such as HPN, NDI and RV. These fields should be designed to minimize the DCI payload size. 
As HPN field may have 3bit or possible larger size, the implicit indication of HPN for each scheduled UL subframe is beneficial. For example, eNB could schedule the PUSCH subframes with a continuous HPN and HARQ process ID could be derived based on the HPN in UL grant with increment subframe by subframe. Another approach is that the HARQ process ID is derived based on the subframe index. 
On the other hand, NDI and RV fields help to determine new transmission or re-transmission with corresponding RV. As NDI has only 1 bit size, explicit indication of NDI for each TB is possible, e.g. using bitmap and 1bit for each TB. While RV may not need to be indicated, since RV0 could be assumed in case of new transmission and RV change based on predefined order such as 0-2-3-1 could be assumed in case of re-transmission. Explicit NDI indication as above could give the eNB the flexibility to schedule subframes with mixture of both new transmission and re-transmission. In another approach, if it restricts only new transmission allowed for multiple subframe scheduling, the NDI and RV may not need to be indicated in UL grant for multiple subframe scheduling. On the other hand, UL grant containing HPN/NDI/RV for single subframe scheduling could be used for re-transmission. 
Proposal 1: For the multiple subframe scheduling, Option 1 would be better than Option 2 in terms of DCI overhead. HPN, NDI and RV fields should be designed to minimize the DCI payload size. 
Option 3 of multiple subframe scheduling is good to reduce the transmission latency, but it may cause resource wastage after successful transmission. So some enhancement to solve the problem can be considered. One of the approaches is to utilize a variation of Option 1 to enable transmission of the same TB with different RVs in multiple subframes. Compared with original Option3, this approach could achieve higher successful detection ratio and then smaller latency since different RVs of the same TB helps a successful decoding.        
Proposal 2: Enhancement of Option 3 to solve the resource wastage problem could be considered.   
Scheduling combinations for DL+UL LAA
According to the agreements made in Rel-13 LAA SI, we have following three possible scheduling combinations for DL+UL LAA.
· Option 1: DL/UL: self-scheduling
· Option 2: DL: self-scheduling; UL: cross-carrier scheduling
· Option 3: DL/UL: cross-carrier scheduling from a same scheduling CC
It is straightforward to support at least option 1 and 3 since these mechanisms are already covered by current CA framework. However, in case with LAA SCell, each of these options has some restriction due to LBT-based operation on LAA SCell. 
In option 1, i.e., self-scheduling for both DL and UL, PUSCH transmission would require LBT success twice, one is DL LBT for UL grant transmission and another is UL LBT for scheduled PUSCH transmission. In addition, due to 4 ms delay between UL scheduling and transmission, eNB may need to keep the channel even after sending UL grant and need to stop its DL transmission just before scheduled UL subframe with appropriate time margin for UL LBT. Otherwise, scheduled UL transmission would fail due to channel access of other LAA/Wi-Fi node as shown in Figure 1 (a).
In option 3, i.e., cross-carrier scheduling for both DL and UL, when eNB prepares DL grant for possible first subframe of DL transmission burst, eNB has not yet obtained a channel access right for the DL transmission burst. According to the agreement in Rel-13 LAA, UE receiving cross-carrier DL grant assumes the presence of corresponding PDSCH but it may not be present actually as shown in Figure 1 (b). Then, unnecessary NACK reporting will be performed by UE. In addition, for ending partial subframe, common DCI on LAA SCell needs to be monitored even when cross-carrier scheduling is applied to LAA SCell.
Compared with above two options, option 2 can relax both of above issues in option 1 and 3, and hence option 2 seems the most promising scheme for DL+UL LAA. Possible concern on option 2 is the increase of blind decoding effort due to monitoring on multiple carriers. However, if monitoring on multiple carriers is applied, dynamic switching between self-scheduling and cross-carrier scheduling would be beneficial since an appropriate scheduling scheme would be different on a case-by-case basis. For example, DL self-scheduling would be appropriate for the former subframes of DL transmission burst while DL cross-carrier scheduling can be used for the latter subframes of DL transmission burst. Some blind decoding enhancements for option 2, i.e., splitting the DL and UL scheduling cell and dynamic switching option should be further studied. Rel-13 eCA already supports some mechanisms to reduce blind decoding effort and hence it should also be possible for eLAA.
Proposal 3: Support following three scheduling combinations for DL+UL LAA.
· Option 1: DL/UL: self-scheduling
· Option 2: DL: self-scheduling; UL: cross-carrier scheduling
· Option 3: DL/UL: cross-carrier scheduling from a same scheduling CC
Proposal 4: Dynamic switching between self-scheduling and cross-carrier scheduling for both DL and UL LAA can also be considered as possible option.
Proposal 5: Some enhancements to reduce the number of blind decodings on each scheduling cell should be further studied.
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Figure 1: Possible scheduling issues due to LBT busy
UL grant enhancements for eLAA
Since eLAA PUSCH transmission will have several big changes from LTE PUSCH transmission, e.g., LBT-based transmission, shortened UL subframe [2], multiple subframe scheduling, asynchronous UL HARQ operation, RB-level multi-cluster transmission, UCI transmission by PUSCH on unlicensed carrier and SRS position indication in case it is transmitted with PUSCH [3] and so on, corresponding UL grant enhancement needs to be considered.
As agreed in the last RAN1 meeting, both a Cat.4-based and a Cat.2-based, i.e. a CCA of at least 25 µs before the UL transmission burst UL LBT are supported in eLAA to match different use cases. Therefore, dynamic indication of LBT type should be included into the UL grant. Depending on the type of LBT, appropriate blank symbols in a PUSCH subframe may also need to be indicated to UE. Besides, for Cat.4-based LBT, to achieve multi-user multiplexing within a cell, eNB should generate and indicate the common random back-off counter value to UEs so that UEs can start transmission at the same time.
For asynchronous UL HARQ operation combined with multi-subframe scheduling as discussed in section 2.2, besides the HARQ process number and redundancy version fields are included into the UL grant, the number of candidate subframes for the different or same TBs should also be included and 1-bit flag to differentiate between the same and different TBs in multiple subframes is introduced for multiple subframes scheduling. In addition, since random access on LAA SCell is supported, UL grant in RAR may also need to contain HARQ process number field for asynchronous HARQ operation. However, since there seems to be no sufficient room for the new information fields in current MAC RAR format, some enhancement to solve this issue may be necessary.
[bookmark: _GoBack]For UCI transmission for unlicensed carrier, if PUCCH is not supported, it is beneficial for eNB to determine whether/which UCI e.g. HARQ-ACK, CSI can be offloaded from licensed carrier to unlicensed carrier according to its channel conditions [4]. This information can be carried by UL grant or common PDCCH. In [3], we propose to support eNB indication of SRS position for SRS transmission with PUSCH, i.e., the SRS position for SRS transmission with PUSCH is at the 1st available valid symbol of the UL burst if it multiplexed with SRS only transmission; otherwise, the SRS position for SRS transmission with PUSCH is at the end of the valid symbol of the UL burst. Therefore, 1 bit in UL grant or common PDCCH is necessary for this indication.
In summary, UL grant for eLAA would need to have some additional fields and corresponding bits. On the other hand, it would be possible to reduce/remove some unnecessary fields/bits for eLAA in current UL grant. For example, resource allocation type can be fixed to the multi-cluster type and use the bitmap or predefined RB mapping pattern with offset as discussed in [2] to reduce the number of required bits for resource block assignment.  
Proposal 6: Support and enhance following information fields in UL grant for eLAA in addition to HARQ process number and redundancy version.
· UL channel access scheme
· Presence and number of blank symbols in a PUSCH subframe
· Random back-off counter value (in case that Cat.4-based UL LBT is indicated)
· Number of scheduled subframes
· UCI transmission mode on unlicensed carrier (if it should be indicated by DCI)
· SRS position for PUSCH transmission with SRS
· Resource allocation for RB-level multi-cluster transmission 
Conclusion 
In this contribution, we have discussed on UL scheduling design for eLAA. We made the following proposals. 
Proposal 1: For the multiple subframe scheduling, Option 1 would be better than Option 2 in terms of DCI overhead. HPN, NDI and RV fields should be designed to minimize the DCI payload size. 
Proposal 2: Enhancement of Option 3 to solve the resource wastage problem could be considered.   
Proposal 3: Support following three scheduling combinations for DL+UL LAA.
· Option 1: DL/UL: self-scheduling
· Option 2: DL: self-scheduling; UL: cross-carrier scheduling
· Option 3: DL/UL: cross-carrier scheduling from a same scheduling CC
Proposal 4: Dynamic switching between self-scheduling and cross-carrier scheduling for both DL and UL LAA can also be considered as possible option.
Proposal 5: Some enhancements to reduce the number of blind decodings on each scheduling cell should be further studied.
Proposal 6: Support and enhance following information fields in UL grant for eLAA in addition to HARQ process number and redundancy version.
· UL channel access scheme
· Presence and number of blank symbols in a PUSCH subframe
· Random back-off counter value (in case that Cat.4-based UL LBT is indicated)
· Number of scheduled subframes
· UCI transmission mode on unlicensed carrier (if it should be indicated by DCI)
· SRS position for PUSCH transmission with SRS
· Resource allocation for RB-level multi-cluster transmission 
References
[1] 3GPP TR 36.889 v13.0.0 (2015-06), “Study on Licensed-Assisted Access to Unlicensed Spectrum; (Release 13),” July 2015.
[2] 3GPP, R1-162799, NTT DOCOMO, INC., “Discussion on PUSCH design for eLAA UL,” April. 2016.
[3] 3GPP, R1-162801, NTT DOCOMO, INC., “Discussion on SRS design of eLAA UL,” April. 2016. 
[4] 3GPP, R1-162802, NTT DOCOMO, INC., “Discussion on UCI transmission and PUCCH design for eLAA UL,” April. 2016.
- 1/6 -
image1.emf
UL grant

DL LBT

UL LBT 



busy

(No DL data)

1 subframe

LAA SCell

LAA SCell

Licensed cell

DL grant and data 

preparation

DL LBT 



busy

(a) UL self-scheduling when no DL data at eNB

(b) DL cross-carrier scheduling for first subframe of DL burst

Transmission of other node

Transmission of other node


