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1. Introduction

In RAN1#78bis meeting, the required functionalities and design targets for LAA were discussed and agreed as below.
· Target a single global framework for LAA

· List at least the following as identified functionalities required to meet regulatory requirements in some regions/bands for an LAA system in TR 

· Listen-before-talk (Clear channel assessment)

· Discontinuous transmission on a carrier with limited maximum transmission duration

· Dynamic frequency selection for radar avoidance in certain bands/regions

· Carrier selection
· TPC
*Note: not all functionalities may have a spec impact.
*Note: not all functionalities would be mandatory for all LAA eNBs/UEs
Although it is suggested in LAA SID [1] that “high priority should be on the completion of the DL only scenario”, considering the tight time schedules proposed in [2], it is better to study the DL only and DL+UL options in parallel. In this contribution, we mainly focus on the issues related to the UL transmission in unlicensed spectrum. 
2. Potential Issues Related to Uplink Transmission in Unlicensed Spectrum
Who performs UL LBT
In the same manner with LAA DL, LBT would be required for LAA UL to meet the regulatory requirements and to achieve the fair coexistence with other systems in unlicensed spectrum. If we consider LAA UL with LBT, the first issue is which entity performs LBT for uplink transmission, i.e., eNB or UE. These two options are shown in Figure 1.
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Figure 1. LBT options for UL transmission in LAA
In option 1, UE itself performs LBT for UL transmission after receiving UL grant from eNB. If the channel is idle, UE can transmit data as ordered by eNB. This way is in line with the regulatory requirements in most regions, and the sensing result is always reliable from UE point for view. However, this option may results in UL DTX if the channel is not available due to sensing result, although UL grant would be correctly detected. In this case, eNB may perform link adaptation aiming to increase the coding gain of the UL grant, though this remedy is not necessary.
In option 2, eNB performs LBT for UL transmission. If the channel is idle, eNB sends UL grant to schedule UL transmission and UE just follows UL grant without performing LBT. Since uplink transmission is scheduled by eNB in LTE, it seems natural that eNB makes decision on UL transmission from LTE point of view. However, the delay between the LBT and the UL transmission is not preferable, since the burst length includes the duration of its delay, although the delay duration is not actually used for UL transmission. In addition, the sensing result at the eNB side would not be aligned with actual interference situation at UE side, and hence the LBT at the eNB side may cause severe interference to the surroundings of the UE transmitting the uplink.

Observation 1: 
Following two options can be considered for UL LBT.

· Option 1: UE performs LBT for its UL transmission
· Regulatory requirements can be met in most of the regions.

· UL DTX occurs if the channel is not available due to the sensing result.

· Option2: eNB performs LBT for UL transmission of its served UEs
· eNB can controls UL transmission of the UE as in existing LTE.

· Delay between the sensing an UL transmission is accounted as part of the burst length.

· Accuracy of sensing may not be comparable to the UE sensing option 1.

Potential impacts can be considered on the following aspects for LAA UL.
UL LBT design and frame structure
If UE performs LBT for its UL transmission (option 1), corresponding UL LBT design and frame structure need to be considered. For example, if TDD frame structure for DL+UL option in LAA is assumed, a part of guard period or an additional guard period before UpPTS in the special subframe may be used for sending period. 
If eNB performs LBT for the UE’s UL transmission (option 2), UL LBT needs to be done at eNB before the UL grant transmission. Since the LBT is necessary for DL as well, eNB may be able to perform LBT for both DL and UL at the same time in this case.
UL HARQ procedure
In LTE, UL HARQ-ACK is sent on the carrier where the UL grant is transmitted. Therefore, in LAA, cross-carrier scheduling from a licensed band may be promising. However, if self-carrier scheduling is used, the UL HARQ-ACK may not be sent due to LBT busy at eNB.
UL HARQ-ACK is rather DL LBT related. However, the DTX of PHICH may be a concern considering the synchronous HARQ mechanism in LTE UL. If the UE cannot detect PHICH/PDCCH at the pre-defined timing, the next opportunity of the UL transmission is also a fixed timing (e.g., 6ms later). Considering the requirement of LBT in LAA, it would be desirable to have further flexible scheduling mechanisms in the UL. One of potential scheme is asynchronous uplink HARQ operation, which may be better fit with LAA UL.
[image: image2.png]Ex. TDD config. 1

D
Conventional )\ ¢) ) @) ®) © 1) @ @ @ G & @ & 2
AN A/N AN

LAA

=4 > = S

U U D

s U U D D

D D

D

., /‘s“~&:4~
Y

‘z<'__‘\
56"~ kgt

D D S

4 ’

R
S U/ (f p D s | O U/

U U D

G © D B O O @O @& @ G 6 D 6 O

AN AN AN AN




Figure 2. Sync HARQ is disrupted due to busy channel 
Random access procedure
In LTE, random access procedure is used for acquisition of uplink timing. In LAA, uplink timing is still needed before PUSCH transmission. For scenarios where unlicensed band is co-located with the licensed band, the licensed band can be used to acquire the uplink timing using RA. On the other hand, for scenarios where unlicensed small cell is non-co-located with licensed macro cell, PRACH on unlicensed band may be necessary. 
Currently, the random access on SCell is only triggered by PDCCH. If it is triggered, the UE shall transmit the PRACH on the SCell at the pre-determined timing. Therefore, if the random access is supported on unlicensed band, similar to the other UL transmissions, LBT based on the option 1 or option 2 would be necessary. If the PRACH transmission is not available because of the LBT, the random access completion will be delayed. Such unnecessary delay of uplink timing acquisition and/or increased number of trials for the random access procedure would not be preferable.
Sounding procedure

In LTE, sounding RS (SRS) is periodically and/or non-periodically transmitted so that the eNB can monitor the UL channel quality over the bandwidth. In LAA, however, if the SRS is configured, the UE or eNB is required to perform LBT according to the option 1 or option 2. Therefore, once the high-level concept of UL LBT is fixed, whether/how to support SRS on unlicensed carrier should also be investigated.
Observation 2: 

Depending on UL LBT mechanisms, following may potentially be impacted for LAA UL.

· UL LBT design and frame structure

· UL HARQ procedure

· Random access procedure

· Sounding procedure

3. Conclusion 

In this contribution, we discussed the issues related to the UL transmission in unlicensed spectrum, especially considering the case where LBT for UL transmission is required.  Based on the analysis above, we had following observations.
Observation 1: 

Following two options can be considered for LAA UL.

· Option 1: UE performs LBT for its UL transmission
· Regulatory requirements can be met in most of the regions.

· UL DTX occurs if the channel is not available due to the sensing result.

· Option2: eNB performs LBT for UL transmission of its served UEs

· eNB can controls UL transmission of the UE as in existing LTE.

· Delay between the sensing an UL transmission is accounted as part of the burst length.

· Accuracy of sensing may not be comparable to the UE sensing option 1.

Observation 2: 

Depending on UL LBT mechanisms, following may potentially be impacted for LAA UL.

· UL LBT design and frame structure

· UL HARQ procedure

· Random access procedure

· Sounding procedure
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