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1. Introduction

In RAN #84 meeting, it was agreed to introduce UL multi-subframe scheduling in LAA as follows [1].
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 (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.

Also, it was agreed to support flexible PUSCH transmission timing in LAA as follows.

Agreement:
· 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

In this contribution, we discuss the details of UL multi-subframe scheduling and flexible PUSCH transmission timing for LAA SCell.
2. DCI design for multi-subframe scheduling
Among the agreed 3 options in last RAN1 meeting, option 3 can be considered as a further enhancement of option 1 or option 2. Therefore, we first discuss option 1 and option 2. We redefine option 1 and option 2 with further details as follows, which we call option 1a and option 2a respectively, to avoid confusion with original options agreed as more general concepts.
Option 1a) Introducing additional DCI format which can schedule PUSCH transmission in N (N>1) subframes
If we call DCI formats for scheduling PUSCH in a single subframe in LAA SCell as DCI format 0A and DCI format 4A for single TB scheduling and 2 TBs scheduling respectively, additional DCI formats 0B and 4B can be introduced for scheduling PUSCH in N subframes (N>1) for LAA SCell.

Since DCI size of DCI format 0B/4B with too large N value may not be acceptable, it is desirable to set N as a value (e.g., N=4) which is smaller than UL MCOT (e.g., UL MCOT = 8 subframes). In this case, eNB can transmit multiple DCI formats 0B/4B in a same subframe to a single UE to schedule more than N subframes to that UE. Moreover, eNB may choose to transmit a multiple DCI formats among DCI format 0A/4A/0B/4B to a single UE in a subframe where restrictions on the possible combinations can be specified further considering other aspects such as UE’s PDCCH blind detection complexity.

Depending on the supported combinations of simultaneous transmission of the DCI formats, number of PDCCH candidates and CCE aggregation levels for each DCI format may be decided.

Option 2a) multiple transmissions of a DCI format for single subframe scheduling
eNB may transmit DCI formats 0A/4A multiple times to a UE in a subframe to schedule PUSCH transmission in multiple subframes. Depending on the number of PDCCH candidates and CCE aggregation levels for each DCI format, maximum number of simultaneous transmission of PDCCHs with each DCI format may be decided.
Even though option 2a has merits of relatively simple specification works, relying only on single subframe scheduling DCI leads to a significant inefficiency in the perspectives of DCI overhead and CCE blockage. That is, DCI CRC overhead for each scheduled subframe and unnecessary repetition of same scheduling information for each scheduling subframe can be avoided by introducing multi-subframe scheduling format as in option 1a. Moreover, with option 2a, if the eNB wants to schedule PUSCH in 8 consecutive subframes (which can be a UL MCOT), it should be able to transmit 8 DCI format 0A/4A PDCCHs in a subframe for a same UE, which will require large number of blind detection at UE side and may cause a significant PDCCH blockage. Therefore, it is recommended to introduce multi-subframe scheduling DCI formats as in option 1a.
Suggestion 1: In LAA SCell, the following DCI design is adopted for scheduling PUSCH.

· Support DCI format 0A and 4A which schedules PUSCH transmission in a single TB and two TBs respectively (or, modification on the existing DCI formats 0 and 4may be possible rather than introducing new DCI formats)

· Support DCI format 0B and 4B which schedules PUSCH transmission in N (N>2, e.g., N=4) subframes with single TB and two TBs respectively.

· Possible combinations of simultaneous PDCCH transmissions with same and/or different DCI formats to a UE in a subframe are decided further considering UE’s blind detection complexity and further details of LBT operation.

DCI format 0B/4B for multi-subframe scheduling can consist of three types of information fields as follows.

· Type A: common to all the scheduled subframes (appearing only once in a DCI). Examples are as follows:
· number of scheduled subframes

· carrier indicator

· resource assignment

· Cyclic shift for DM RS and OCC index
· LBT parameters

· CCA gap indication

· [subframe offset] (see section 3)
· Type B: applied only to a specific subframe (appearing only once in a DCI). Examples are as follows:
· TPC command (TPC command may not be necessary at all[2])

· CSI request

· SRS request
· Type C: subframe specific information (appearing N times for N subframes scheduling). Examples are as follows:
· [MCS]
· NDI

· HARQ process number

· redundancy version

With the structure above, size of multi-subframe scheduling DCI is not increased in proportion with number of scheduled subframes.

Suggestion 2: In LAA SCell, DCI format 0B/4B consists of the following scheduling information types.

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

· Type B: applied only to a specific subframe (appearing only once in a DCI)

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

3. Flexible PUSCH transmission timing
A simplest way of supporting flexible PUSCH transmission timing is to introduce “subframe offset” field in DCI formats for PUSCH scheduling in LAA SCell. That is, if subframe offset field in DCI format 0A/4A transmitted in subframe n indicates value ‘l’, UE may transmit the corresponding PUSCH in subframe n+[4]+l, where minimum timing gap [4] between UL grant and PUSCH transmission should be confirmed further. In case of multi-subframe scheduling with DCI format 0B/4B, the subframe offset value can be used to determine the first PUSCH transmission timing among multiple scheduled subframes. In case of multi-subframe scheduling, it may be beneficial to support scheduling of non-consecutive subframes especially when reduced UL grant to PUSCH timing is supported as shown in figure 1. In [3], we showed large gain on LAA SCell UL throughput according to the reduced delay between UL grant and PUSCH transmission. Therefore, it should be decided whether to support reduced delay between UL grant and PUSCH transmission as well for LAA.
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Figure 1. Multi-subframe scheduling with minimum 2 subframes delay between UL grant and PUSCH

Suggestion 3: In LAA SCell, for single subframe scheduling, subframe offset ‘l’ in the UL grant transmitted in subframe n indicates PUSCH transmission in subframe n+[4]+l.

Suggestion 4: In LAA SCell, for multi-subframe scheduling, subframe offset ‘l’ in the UL grant transmitted in subframe n indicates the first PUSCH transmission in subframe n+[4]+l. among PUSCH transmissions scheduled for multiple subframes.
Suggestion 5: Decide whether to support PUSCH scheduling on non-consecutive subframes by multi-subframe scheduling DCI depending on whether/how to support reduced UL grant to PUSCH timing

As flexible timing between UL grant to PUSCH is introduced, there can be cases where different UL grants for a same UE schedule PUSCH transmission in a same subframe. Since there doesn’t seem to be good use cases for the overlapped UL grants, this case can be avoided and regarded as an error case.

Suggestion 6: In LAA SCell, UE doesn’t expect multiple UL grants which schedules PUSCH transmission in a same subframe.

Another domain of flexible PUSCH transmission timing can be discussed based on option 3 agreed in RAN1#84. That is, delaying scheduled PUSCH transmission within scheduled multiple subframes. In general, this approach may not be desirable since there can be misalignment between eNB and UE on the actual contents (HARQ process, TBS, etc.) of the transmitted PUSCH. On the other hand, it could be considerable to support triggering single PUSCH transmission among multiple scheduled subframes by multi-subframe scheduling DCI format, if it doesn’t involve additional complexity in the design of multi-subframe scheduling DCI format.

Suggestion 7: It can be considered multi-subframe scheduling DCI format may support triggering single PUSCH transmission among multiple scheduled subframes.

4. Summary and conclusions

In this paper, we discussed multi-subframe scheduling of PUSCH on LAA SCell. The suggestions of this paper are summarized as follows.
Suggestion 1: In LAA SCell, the following DCI design is adopted for scheduling PUSCH.

· Support DCI format 0A and 4A which schedules PUSCH transmission in a single TB and two TBs respectively (or, modification on the existing DCI formats 0 and 4may be possible rather than introducing new DCI formats)

· Support DCI format 0B and 4B which schedules PUSCH transmission in N (N>2, e.g., N=4) subframes with single TB and two TBs respectively.

· Possible combinations of simultaneous PDCCH transmissions with same and/or different DCI formats to a UE in a subframe are decided further considering UE’s blind detection complexity and further details of LBT operation.

Suggestion 2: In LAA SCell, DCI format 0B/4B consists of the following scheduling information types.

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

· Type B: applied only to a specific subframe (appearing only once in a DCI)

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

Suggestion 3: In LAA SCell, for single subframe scheduling, subframe offset ‘l’ in the UL grant transmitted in subframe n indicates PUSCH transmission in subframe n+[4]+l.

Suggestion 4: In LAA SCell, for multi-subframe scheduling, subframe offset ‘l’ in the UL grant transmitted in subframe n indicates the first PUSCH transmission in subframe n+[4]+l. among PUSCH transmissions scheduled for multiple subframes.

Suggestion 5: Decide whether to support PUSCH scheduling on non-consecutive subframes by multi-subframe scheduling DCI depending on whether/how to support reduced UL grant to PUSCH timing

Suggestion 6: In LAA SCell, UE doesn’t expect multiple UL grants which schedules PUSCH transmission in a same subframe.

Suggestion 7: It can be considered multi-subframe scheduling DCI format may support triggering single PUSCH transmission among multiple scheduled subframes.
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