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1. Introduction

In RAN #70 meeting, a new work item (WI) on enhanced LAA (eLAA) was approved with the following objectives [1].

	· 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]
· The work item should also specify base station and UE core requirements of 5 GHz spectrum to support the above features [RAN4]

· Complete support for 10 MHz system bandwidth as an LAA SCell [RAN4, RAN1]


In this contribution, we discuss PUSCH transmission in LAA SCell, which is one of the main objectives in Rel-14 eLAA WI.
2. Considerations on OCB
As discussed in [2], it should be discussed what is the design target of LAA UL to be compliant with ETSI regulation on the OCB (Occupied Channel Bandwidth). Depending on the design target, several options can be considered for PUSCH in LAA UL.
Option A) Scheduler implementation
If LAA UL design targets to satisfy OCB regulation statistically over, e.g., 1 second, eNB scheduler may satisfy OCB regulation by implementation without modification of existing PUSCH structure. For example, eNB may schedule PUSCH to statistically occupy 80% of system bandwidth in a long term.
Option B) Wideband DM-RS

If LAA UL design targets to satisfy OCB regulation in a short term, e.g., per every subframe, it may be considered UEs always transmitting wideband DM-RS regardless of its RB allocation for PUSCH, where different UEs’ wide band DM-RS can be multiplexed with comb structure or OCC across slots. However, PUSCH transmission may not resort on this approach only to distribute 99% transmit power for PUSCH transmission over 80% of system bandwidth.
Option C) Resource allocation with Interlaced RBG sets

Another option to satisfy OCB regulation in a short term, e.g., per every subframe or every OFDM symbol is to introduce PUSCH resource allocation with interlaced RBG sets over whole system bandwidth [3]. To multiplex maximum 2N UEs’ PUSCH transmission in a subframe, 2N interlaced RBG sets are defined over system bandwidth where a UE can be assigned with single or multiple RBG sets in a subframe as shown in figure 1. 
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Figure 1  Interlaced RBG set structure
In figure 2, we observe that difference in CM performances between interlaced RBG set structure and existing single cluster transmission structure is within 1 dB in general. 


[image: image2]
Figure 2  CM performances of interlaced RBG set structure;
x RB/RBG (y RBs) indicates that total y RBs are allocated by equally spacing RBGs where each RBG consists of x RBs
To support interlaced RBG set structure for LAA PUSCH, at least the following aspects should be considered further.
· DM-RS structure to support interlaced RBG structure

· MPR issues

· configuration between RA methods between Rel-13 PUSCH and Rel-14 LAA PUSCH

· Impact to the TBS granularity due to limited RB assignment granularity

Suggestion 1: Consider the following options for PUSCH in LAA to satisfy ETSI regulation on OCB
· Option A) Scheduler implementation

· Option B) Wideband DM-RS
· Option C) Resource allocation with Interlaced RBG sets
3. Other aspects on PUSCH in LAA
3.1. DCI for PUSCH scheduling
For the contents of DCI for UL grant for PUSCH, the following aspects should be considered.

Asynchronous HARQ: 
· As already agreed during Rel-13 LAA discussion, HARQ process number and redundancy version should be included explicitly [3]. Then, the following aspects should be considered.
· IMCS reserved to indicate redundancy version may be used for other purposes (e.g., to indicate modulation order as in DL grant for PDSCH)

· RB allocation + IMCS combination for aperiodic CSI triggering in PUSCH may be redefined (e.g., RB allocation combined with modulation order or explicitly assigned redundancy version)

Multi-subframe scheduling

· As discussed in [4][5], support of multi-subframe scheduling of PUSCH seems essential for Rel-14 LAA UL design. The following aspects should be considered in design of DCI for UL multi-subframe scheduling
· DCI size reduction by, e.g., identifying DCI fields common to all (or some) of the scheduled subframes and specific to each scheduled subframe

· DCI size reduction by reducing some DCI fields (e.g., resource allocation field) for UL multi-subframe scheduling

· Differentiation between DCI formats for single subframe scheduling and multi-subframe scheduling (e.g., by separate blind detection)

· Certain level of flexibility for the timing relationship between UL grant transmission and the corresponding PUSCH transmission may be desirable for efficient multiplexing of DL/UL transmission in case of self-scheduling with multi-subframe scheduling in LAA SCell. 

LBT related information
· As discussed in [4][5], DCI for UL grant may carry information related to LBT operation for PUSCH transmission (e.g., partial subframe length, contention window size, LBT priority class, etc.)
Suggestion 2: Consider the following aspects in designing DCI contents for PUSCH scheduling
· Asynchronous HARQ

· Multi-subframe scheduling

· LBT related information

3.2. PUSCH in partial subframe
As discussed in [4][5], partial subframe transmission of PUSCH is essential to support efficient LBT operation in LAA UL.
Suggestion 3: Partial subframe PUSCH should be supported in LAA UL
3.3. UCI piggyback on PUSCH
Regarding aperiodic CSI report in LAA UL, the following was agreed during Rel-13 LAA discussion [3].

	For the purpose of CSI reporting the following two options have been identified.
-
Support for both aperiodic and periodic CSI reporting for an LAA SCell
-
Support only for aperiodic CSI reporting for an LAA SCell
For both options above, the aperiodic CSI reports can be carried on PUSCH transmitted on a carrier in licensed spectrum or on an LAA SCell. It is recommended to follow the existing mechanism in CA for aperiodic CSI reporting (if no issue is identified), including potential additional Rel-13 CA enhancement(s) if no issue is identified for using Rel-13 CA enhancement(s), with the following addition
-
If the PUSCH containing aperiodic CSI is scheduled on LAA SCell and cannot be transmitted in the scheduled subframe on the scheduled carrier, the aperiodic CSI based on the same scheduling grant is not transmitted in another subframe or another carrier
Further pruning of the above listed alternatives is possible considering the transmission schemes that are eventually supported.


In case that PUCCH transmission on LAA SCell is not supported, it seems natural not to piggy-back UCI onto PUSCH transmitted on LAA SCell except for the aperiodic CSI triggered with PUSCH on LAA SCell. This is because UE may not have enough processing time to carry UCI on PUSCH in LAA SCell before the UE decides to actually transmit the PUSCH based on LBT result. Anyhow, at least for aperiodic CSI transmission on PUSCH, it should be considered how to map UCI on PUSCH when the PUSCH is transmitted in a partial subframe.

Suggestion 4: In case that PUCCH transmission on LAA SCell is not supported, UCI is not piggy-backed onto PUSCH transmitted on LAA SCell except for the aperiodic CSI triggered with PUSCH on LAA SCell
4. Summary and conclusions

In this paper, we discussed PUSCH transmission in LAA SCell. The suggestions of this paper are summarized as follows.
Suggestion 1: Consider the following options for PUSCH in LAA to satisfy ETSI regulation on OCB

· Option A) Scheduler implementation

· Option B) Wideband DM-RS
· Option C) Resource allocation with Interlaced RBG sets
Suggestion 2: Consider the following aspects in designing DCI contents for PUSCH scheduling

· Asynchronous HARQ

· Multi-subframe scheduling

· LBT related information

Suggestion 3: Partial subframe PUSCH should be supported in LAA UL

Suggestion 4: In case that PUCCH transmission on LAA SCell is not supported, UCI is not piggy-backed onto PUSCH transmitted on LAA SCell except for the aperiodic CSI triggered with PUSCH on LAA SCell
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