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Introduction
The new Rel-14 work item on enhanced LAA is tasked with specifying efficient operation of uplink LAA [1].  The channel access mechanism functionality for UL transmission should be addressed and the decisions made in RAN1 during Rel-13 should be used as a starting point [2]. The following was agreed in RAN1 #84 [3]:
· Agreement: 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
· 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
· 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

In this contribution, we provide further analysis and designs for the multi-subframe scheduling support in Rel-14 eLAA.
Multi-subframe scheduling methods
As discussed in [2], it was observed that LAA UEs had difficulty in competing with Wi-Fi nodes to access the medium at the scheduled UL subframe especially in the case of self-carrier scheduling. This resulted in significant LAA UL throughput degradation even with fast UL LBT schemes. The main limiting factor at low load is not the UL LBT scheme itself (since only few users are active at the same time), but rather the UL grant transmission method. Two separate issues had been identified. First, as shown in Figure 1, single fixed subframe scheduling consumes half of the channel access time. Second, as shown in Figure 2, long UL grant delay introduces additional delays and channel blocking (by other devices). Both issues should be addressed in the design of the multi-subframe scheduling methods.
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[bookmark: _Ref427141843]Figure 1:  Legacy single fixed frame scheduling
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[bookmark: _Ref447190634]Figure 2:  Multi-subframe scheduling with legacy long grant delay
Self-carrier scheduling
The Rel-8 UL index for TDD UL/DL configuration #0 is based on a bit map principle: the two bits indicate which or both of subframe n+6 and n+7 are scheduled for UL transmissions. This basic principle can be directly applied to the present multi-subframe scheduling for LAA SCells. A bitmap of the N addressable upcoming subframes can be used to indicate the subframes in which the current DCI is applicable. The scheduled subframes can hence be consecutive or non-consecutive. In the latter case, the eNB shall provide necessary operation parameters to the scheduled UE [4]. More specifically, the bitmap covers the first schedulable subframe (based on the grant delay, e.g., n+4 for the legacy delay) until the furthest subframe (e.g., n+N+3). 
Proposal: Multi-subframe scheduling for a LAA SCell is based on bitmap of the N addressable subframes. With legacy grant delay, the addressable subframes from subframe n are n+4, n+5, …, n+N+3.

System evaluation studies had shown substantial LAA UE and system performance improvement with UL grant delay shorter than the Rel-8 setting of n+4 [5][6][7]. In general, 3GPP is also working toward reducing LTE operation latency in Rel-14. Therefore, we believe the grant latency for LAA UL operations should be reduced from the beginning. If the UL scheduling DCI is carried by PDCCH in a full DL subframe, it is feasible to adopt an n+1 grant delay timing. If the UL scheduling DCI is carried by PDCCH in a DL initial partial subframe or an EPDCCH, it may be more practical to set the grant delay to n+2 timing. 
Based on the above discussion, we recommend continue studying solutions to introduce shorter grant delay for better LAA UL performance.
Proposal: Continue studying solutions to introduce shorter grant delay for better LAA UL performance.

The Rel-13 LAA specifications recommend four different LBT and MCOT parameters for four different access classes. For instance, the best effort class allows an MCOT of up to 8 ms. However, the LAA base stations and UEs shall also comply with additional regional regulatory requirements. In certain cases, the MCOT can be further restricted or requires additional operation steps (e.g., additional CCA). Therefore, it is beneficial to allow the eNB to set the number of addressable subframes in a multi-subframe scheduling DCI via higher layer configuration. The range of valid value for N can be, for example, 2 to 7. The minimum of 2 is selected because multi-subframe scheduling with N=1 is effectively a single-subframe scheduling. The maximum of 7 is based on the 8 ms recommended MCOT value.
Proposal: The number of addressable subframes, N, is configurable by higher layer from a range of valid values. Valid values for N are 2, 3, 4, 5, 6 and 7.

To increase LAA UL performance, it is necessary to enable the possibility to schedule many UL subframes (possibly up to eight) from a single DL subframe. The restriction imposed by option 2 requires a large number of PDCCH/EPDCCH to be transmitted in a single DL subframe considering also that multiple UEs may needed to be scheduled in each subframe. The restriction does not bring appreciable benefits while imposing unnecessary cost and constraint on efficient LAA UL operations. 
Proposal: Multi-subframe scheduling Option 2 is not considered further.

With regard to two stage grants, it has been proposed to use a common semi-persistent grant that provides high level information (e.g. RB allocation, MCS etc.) and then a second grant in a subframe for a UE to schedule PUSCH transmissions following options 1 and 2. There appear to be several drawbacks with such an approach. Firstly, using a semi-persistent grant to set MCS and RB allocations may not be dynamic enough to adapt to time-varying interference conditions on the unlicensed carrier. For example, the semi-persistent grant may be based on outdated channel information, whereas the LAA SCell may receive aperiodic SRS transmissions that are more indicative of current UE channel state and can be better exploited when grants are made using Option 1. Secondly, the use of an additional grant to trigger the UL PUSCH transmission implies a higher probability of UL transmission failure, since both an additional DL LBT and UL LBT immediately afterwards must succeed before the PUSCH can be transmitted. 
Proposal: Further evaluations are needed to determine the performance benefits of two stage grants.

Cross-carrier and multi-carrier scheduling
The designs presented in the last section for self-carrier scheduling can be applied to cross-carrier scheduling. The same carrier indicator mechanism in existing specs can be reused.
The designs can be further extended to multi-carrier scheduling. To reduce complexity and to enhance coexistence with Wi-Fi, excessive flexibility for multi-carrier multi-subframe may be better avoided. It should be enough to enable identical multi-subframe scheduling on a choice of multi-carriers. Therefore, an additional bitmap of the configured carriers (in the unlicensed band) can be used to indicate which carriers the UL multi-subframe scheduling DCI is applicable.
Proposal: Cross-carrier multi-subframe scheduling is supported using the carrier indicator mechanism.
Proposal: Multi-carrier multi-subframe scheduling is supported using a bitmap of the configured carriers.

Conclusion
Based on analysis presented in this document, we propose the following.
Proposal: Multi-subframe scheduling for a LAA SCell is based on bitmap of the N addressable subframes. With legacy grant delay, the addressable subframes from subframe n are n+4, n+5, …, n+N+3.
Proposal: Continue studying solutions to introduce shorter grant delay for better LAA UL performance.
Proposal: The number of addressable subframes, N, is configurable by higher layer from a range of valid values. Valid values for N are 2, 3, 4, 5, 6 and 7.
Proposal: Multi-subframe scheduling Option 2 is not considered further.
Proposal: Further evaluations are needed to determine the performance benefits of two stage grants.
Proposal: Cross-carrier multi-subframe scheduling is supported using the carrier indicator mechanism.
[bookmark: _GoBack]Proposal: Multi-carrier multi-subframe scheduling is supported using a bitmap of the configured carriers.
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