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Introduction
Although to reuse the features of LTE as much as possible is one of the objectives in LAA SI [1], some modified functions would be required for regulation or fair access requirements. These functions need to be identified clearly. In this contribution, we discuss different aspects for UL transmission in unlicensed band, and whether modified functionality is required therefor.

Although the waveform related discussion like the relation between SC-FDMA and minimum bandwidth requirement is also required, this document addresses only the procedure aspects.


LBT procedure entity for UL 
In Japanese regulation, our interpretation is, after the main node performs the carrier sensing, any communication occurring within 4 ms can bypass the carrier sense procedure [2].  Based on such an interpretation, two options on LBT procedure can be identified, i.e. UE performs LBT before own UL transmissions, or eNB performs LBT before any UL transmission. On the other hand, in Europe, the LBT procedure is required to be performed by the transmitter [3] i.e. for UL by the individual UE. In order to meet a single global solution framework, the LBT functionality needs to be supported by the UE, even if it doesn't need to be executed in specific regions. 

[bookmark: OLE_LINK1][bookmark: OLE_LINK2]Proposal 1:	LBT procedure is supported by UE before UL data transmission in unlicensed band.

Scheduling entity for UL 
In licensed band LTE, basically the eNB determines all resource usage, i.e. the scheduling is centralized. In Wi-Fi, each node determines its own resource usage, i.e. there is distributed scheduling. 
The merit of distributed scheduling is the delay caused by the scheduling request to the resource assignment can be zero. Even in licensed band of FDD, this delay is 11.5 ms according to Rel.8 ITU submission [4]. Note that this delay is not required when large part of data is continuously sent in UL because subsequent transmissions can contain buffer status report updates.

One merit of centralized scheduling is the priority among UEs involving the QoS difference can be taken into account, and collision avoidance procedures among competing UEs of the same eNB can be avoided. In addition, time and/or frequency domain scheduling gain can be also obtained. If MCS is determined by the receiver's observation, that MCS needs to be given to the transmitter. Then to indicate the resource in addition to the MCS is a relatively smaller effort. The commonality with current LTE is the highest merit.

Although we see the potential merit of distributed scheduling in LAA UL especially from the delay perspective, we keep centralized scheduling in Rel.13 LAA in order to timely finalization of LAA SI/WI.

Proposal 2:	Scheduling entity for Release-13 LAA UL is eNB, i.e. no functional change from licensed LTE.


Scheduling for UL transmission
[bookmark: OLE_LINK3][bookmark: OLE_LINK4]Based on the discussion in section 3, if the scheduling entity is the eNB, a scheduling request procedure is required. Rel.12 supports both PUCCH-based and PRACH-based scheduling requests. In the CA framework up to Rel.12, both are currently supported only on PCell, i.e. a licensed carrier. We think that it is not necessary to define a scheduling request procedure carried out over an unlicensed carrier, and therefore suggest to conclude that scheduling requests are carried out via a licensed carrier..

Proposal 3:	The scheduling request procedure is carried out via a licensed carrier. 

Currently the minimum delay between the end of the EPDCCH reception and the start of PUSCH transmission is 2.33 ms for a distance of 100 km due to the propagation delay / timing advance (round-trip delay). Within these 2.33 ms, MAC and corresponding encoding procedure are realized within UE. Considering the period required for EPDCCH transmission and PUSCH transmission respectively as 1 ms each, the total resource occupancy exceeds 4 ms, which is larger than the Japanese regulation's 4 ms rule. In addition, as discussed in section 2, the LBT procedure could need to be executed by the UE. Therefore, when a resource assignment by (E)PDCCH is realized by the eNB, it doesn’t know whether the assigned resource will be available or not. In this sense, the resource assignment by (E)PDCCH is a speculative manner. Depending on the LBT procedure by UE, the assigned resource may be used or not.

Observation 1:	eNB scheduling for UL is a speculative manner in case the LBT procedure needs to be executed by the UE. 

In the case of speculative manner scheduling when the resource usability is not known, the merit of centralized scheduling i.e. prioritized resource assignment among UEs by the eNB cannot be obtained. Therefore, the scheduling behaviour should be "eNB schedules a certain time/frequency resource. If the UE determines that the channel is clear, it transmits UL data. If not, the UE drops the resource grant and waits for the next scheduling assignment". 

Proposal 4:	If a UE cannot use the assigned resource at the scheduled time due to LBT, the UE does not transmit UL and awaits the next scheduling assignment. 

To transmit PUSCH subframe with eNB known timing for example PUSCH on PCell can ease eNB detection. To reuse the licensed carrier timing relation between DL and UL can achieve the commonality. Therefore, similar to LAA DL, we propose that the LAA UL design assumes subframe boundary alignment according to the Rel-12 CA timing relationships across serving cells aggregated by CA. This does not imply that a PUSCH should be started only at the subframe boundary.

Proposal 5:	UL LAA design assumes the subframe boundary alignment according to the Rel-12 CA timing relationships across serving cells aggregated by CA. 

We don't think a 100 km coverage are for LAA deployment is realistic. Therefore, even with a UE processing time of 2.33 ms and with a subframe timing alignment according to the Rel-12 CA timing relation on PUSCH, there would be some time to execute the LBT procedure and potentially transmit reference or reservation like signal before PUSCH. This aspect needs further discussion.


DL/UL duplex 
Regarding the duplex of UL and DL, we identify two possibilities.

- Semi-static subframe position for UL and DL
Similar to licensed carrier TDD of up to Rel.11, the subframe pattern for UL and DL are pre-determined. 
- Dynamic subframe position for UL and DL
Similar to eIMTA TDD, DL and UL subframe position can be changed dynamically. On the other hand, this option does not mean to utilize eIMTA like signalling. 

These should be considered further.

Multi-user multiplexing in UL
According to [3], the Nominal Channel Bandwidth, i.e., the widest band of frequencies inclusive of guard bands assigned to a single channel, shall be at least 5 MHz at all times. On the other hand, to use more than 5 MHz for small data packets is a very inefficient usage of the resource. This means that there is a limit to the potential benefit of multi-user multiplexing in an UL subframe. This may affect to what extent multi-user multiplexing in UL is supported.
Conclusion
In this contribution, we discussed the options for LAA UL. We have the following proposals:
Proposal 1:	LBT procedure is supported by UE before UL data transmission in unlicensed band.
Proposal 2:	Scheduling entity for Release-13 LAA UL is eNB, i.e. no functional change from licensed LTE.
Proposal 3:	The scheduling request procedure is carried out via a licensed carrier.
Proposal 4:	If a UE cannot use the assigned resource at the scheduled time due to LBT, the UE does not transmit UL and awaits the next scheduling assignment.
Proposal 5:	UL LAA design assumes the subframe boundary alignment according to the Rel-12 CA timing relationships across serving cells aggregated by CA.
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