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Introduction
In February 2016 RAN1-84 it was agreed to support at least RB-level multi-cluster transmission (>2) for eLAA PUSCH. Detailed design and support of legacy PUSCH resource allocation on the LAA SCell was left FFS. 
Furthermore, it was agreed to support flexible timing between UL grant and UL transmission where several identified design options were left FFS. It is a working assumption that the minimum latency between the subframe carrying the UL grant and the corresponding PUSCH(s) is 4 ms. It was agreed that UL grant(s) for a UE in a subframe can enable PUSCH transmission for the UE in multiple subframes on the LAA SCell for both self-scheduling and cross-carrier scheduling.
In terms of UL channel access, it has been agreed in February 2016 RAN1-84 that UL LBT based on a Cat-4 channel access procedure and UL LBT based on CCA of at least 25 us before the UL transmission burst are supported. Conditions, restrictions and eventual details for when these options are to be used were left FFS. 
In this contribution we provide our views on PUSCH and UL grant design for R14 eLAA.

Discussion
Design considerations for LAA UL operation
When considering UL operation for R14 eLAA, there are several design considerations arising out of well-established LTE principles which need to be accounted for.
The LAA eNB will always issue an UL grant before any UE can transmit in the LAA UL. In order to be able to transmit an UL grant to the UE, the eNB first needs to successfully complete a DL LBT channel access procedure. The UE cannot transmit the PUSCH in an UL subframe for which it received an UL grant if its UL LBT procedure results in “channel busy”. In this case the UE will discard the UL grant and it will need to obtain another UL grant from the eNB. UL transmissions use asynchronous HARQ. The eNB can use two different scheduling options to transmit UL grants to UEs, i.e. self-scheduling on the LAA SCell DL or cross-carrier scheduling from the PCell DL. 
The LAA eNB will usually, yet not necessarily always try to schedule multiple UEs for an UL subframe. The UL transmissions from multiple scheduled UEs may be multiplexed in frequency-domain or may use spatial multiplexing. UEs must be able to access the channel simultaneously without mutual interfering with each other’s channel access. Either way, multiple UEs scheduled by the eNB for a given LAA cell in an UL subframe must be able to simultaneously perform the UL LBT channel procedure without blocking channel access for each other. This implies a time-aligned UL LBT channel access period for UEs scheduled for an LAA UL subframe and a time-aligned start of PUSCH transmission for those UEs which successfully completed UL LBT. 
Furthermore, DL and UL scheduling should be considered as independent functionalities from the eNB perspective and the UE capability. In particular, it cannot be assumed that the UE knows whether DL transmission(s) by the eNB immediately preceded the UL subframe for which the UE is scheduled. This principle is clearly implied in the cross-carrier scheduling case. But also for the self-scheduling case due to DRX, it cannot be assumed that the LAA UE always monitors each and every DL subframe.
One major difference between LAA DL and UL LBT is the design constraint that the R13 DL A/N-based CW adaptation mechanism cannot be re-used as is for the UL. In presence of UL asynchronous HARQ, UL grants are used by the eNB to re-schedule a given RV for a given UL HARQ process. The UE cannot unambiguously infer from the received UL grants whether a previous PUSCH transmission successfully completed or not. In addition, UEs scheduled in the LAA UL will not decode UL grants transmitted by the eNB to other UEs. For DL LBT, the eNB can use multiple A/N’s for multiple DL scheduled UEs. For a UE performing UL LBT, only its own ongoing HARQ processes are visible.
UL transmissions for LAA are power-controlled. This makes that UL power-control which is under immediate control of the eNB through RRC signaled parameter settings is intimately linked to the effectively observable CCA range for concurrent devices present in radio vicinity.
Finally, the delay between reception of an UL grant by the UE and the corresponding PUSCH transmission needs to be considered. Preserving the existing UL grant delay n≥4 implies limitations with respect to the overall incurred maximum channel occupancy time.

PUSCH design for R14 eLAA 
The extension of existing LTE R8 single and R10 dual cluster allocations in R14 to multi-cluster allocations has been identified as a possibility to satisfy applicable regulatory requirements.
Based on earlier work done in support of R10 carrier aggregation feature, we think that a new R14 UL resource allocation method for PUSCH using a single RB allocation unit spaced 10 RBs apart is a suitable approach. The existing UL per-RB allocation granularity can be preserved and reasonable CM properties can be achieved. Among several other considerations, the performance impact resulting from decreased channel estimation accuracy will also need to be determined. 
In particular, for 20 MHz UL operating bandwidth, RB allocation cluster #1 comprises RBs 0, 10, 20,…,90. The RB allocation cluster #2 comprises RBs 1, 11, 21,…, 91. The total number of available RBs per RB allocation cluster therefore scales with nominal UL operating bandwidth, i.e. up to 10 RBs for 20 MHz.
Furthermore, more than 1 RB allocation cluster can be assigned to an eLAA capable UE. UL grant design to support eLAA PUSCH will therefore need a new UL allocation type 2 with an index indicating individual and multiple cluster allocations to UEs.
Proposal 1:
R14 eLAA PUSCH supports a new multi-cluster RB allocation. An UL allocation cluster is comprised of 10 RBs total for UL BW 20 MHz with 10 single RBs carrying PUSCH spaced apart by equidistance gaps of 10 RBs. Multiple allocation clusters can be allocated by the eNB for a UE in a given UL subframe.
It may be considered that in terms of the UL link budget for eLAA PUSCH, there is no immediate reason to preclude legacy single-and dual-cluster PUSCH resource allocation types. For many deployment types and some regulatory domains, legacy PUSCH resource allocation may be sufficient. The new R14 eLAA PUSCH resource allocation type could be used by the eNB for those UEs where the PSD limitation results in an undue maximum Tx power cap. However, supporting multiple PUSCH allocation types in the eLAA UL grant will also come at the cost of a more complicated UL grant design and impact onto UL power control handling by the UE. In particular the latter aspect may result in a very non-negligible amount of specification work.
In summary, we think that LTE legacy single-and dual-cluster PUSCH resource allocation types should not supported.
Proposal 2:
R14 eLAA doesn’t support LTE legacy PUSCH resource allocation types.

UL grant design for R14 eLAA 
In our view, the design considerations from Section 2.1 can be satisfied when using the Cat-4 LBT scheme for LAA UL channel access. We provide more details in our companion contribution [4].
LAA UEs which obtain an UL grant valid for UL subframe n start their initial defer period which includes the initial defer duration and a single CCA slot prior to the begin of the contention window at the beginning of the first OFDM symbol in UL subframe n. The initial defer period of 25 µs includes a defer duration of 16 us followed by one CCA slot. Then, the maximum contention window size is chosen from X={3, 4, 5, 6}.
The eNB-signaled UL grant contains a 2 bit random backoff counter valid for the UE’s UL LBT channel access attempt. In addition, when the CW size set by the eNB for the UL subframe n extends into the second OFDM symbol of UL subframe n, PUSCH transmissions can only start with the third OFDM symbol. PUSCH will be punctured during the RE mapping stage. The UL grant will therefore also contain one out of two alternative PUSCH transmission configurations using one additional bit in the UL grant, i.e. PUSCH starts in the second OFDM symbol or it starts in the third OFDM symbol of UL subframe #n.
Proposal 3:
The R14 eLAA UL grant contains a 2-bit random backoff counter and a 1-bit PUSCH start symbol index.
 
Multi-subframe / cross-subframe scheduling
Providing more flexibility for the eNB to schedule UL transmissions from any available LAA SCell DL subframe is a key prerequisite for efficient use of radio resources in LAA.
During the discussion in February 2016 RAN1-84 on the support for flexible UL grant to PUSCH timing and multi-TTI grants, the following 4 options were identified,
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 our view, Option 2 is not desirable due to the much higher average (e)PDCCH load and decoding complexity incurred by the UE. Similarly, two-stage grants are best avoided in our view, because they would necessitate additional specification work and the need to consider error handling cases.
We think that eLAA PUSCH should support a mix of Option 1 and 3, i.e. the eLAA UL grant allows for the possibility to assign single subframe PUSCH within a time window of {n+4, n+5, n+6, n+7} while in the same time allowing for multi-subframe PUSCH allocations of a limited set of durations {2, 3, 4, 5} ms. The possible PUSCH starting subframe instants and allocation durations can be signaled by means of a single index field of not more than 4 bits. 
Proposal 4:
R14 eLAA UL grants for PUSCH contain a single 4-bit Uplink Assignment Index supporting PUSCH single subframe transmission in subframes {n+4, n+5, n+6, n+7} and multi-subframe PUSCH transmission of duration {2, 3, 4, 5} ms.
  
Conclusion
In this contribution we provide our views on PUSCH and UL grant design for R14 eLAA. In summary, we propose:
Proposal 1:
R14 eLAA PUSCH supports a new multi-cluster RB allocation. An UL allocation cluster is comprised of 10 RBs total for UL BW 20 MHz with 10 single RBs carrying PUSCH spaced apart by equidistance gaps of 10 RBs. Multiple allocation clusters can be allocated by the eNB for a UE in a given UL subframe.
Proposal 2:
R14 eLAA doesn’t support LTE legacy PUSCH resource allocation types.
Proposal 3:
R14 eLAA UL grant contains a 2-bit random backoff counter and indicates a 1-bit PUSCH start symbol index.
Proposal 4:
R14 eLAA UL grants for PUSCH contain a single 4-bit Uplink Assignment Index supporting PUSCH single subframe transmission in subframes {n+4, n+5, n+6, n+7} and multi-subframe PUSCH transmission of duration {2, 3, 4, 5} ms.
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