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1 Introduction

Study on Licensed-Assisted Access to unlicensed spectrum (FS_LAA_LTE) is approved with objectives described in RP-141664 [1] (and revised to RP-141817 [2] in RAN#66), as a complementary tool to augment the service offering in unlicensed spectrum, including following possible scenarios:


In order to support UL and DL transmission in unlicensed spectrum, meeting the regulatory requirements, we will discuss on the possible LAA operation focusing on the UL transmission, considering LBT operation and supporting the UL multiplexing. We also introduce a potential solution, supporting UL data transmission. 
2 Discussion on the UL transmission for LAA
According to the previous discussion related to supporting UL multiplexing in [4][5]

 REF _Ref419447543 \n \h 
[6]

 REF _Ref419380033 \n \h 
[7]

 REF _Ref419387363 \n \h 
[8]

 REF _Ref419447549 \n \h 
[9], following options are considerable for LAA:
· eNB and/or UE performs CCA and reserves the medium to perform UL transmission

· Common CCA related value at the same time for the scheduled UEs

· eNB schedules the UL data not to overlap (the CCA time) at the same time

· scheduled UE transmits UL data using new waveform (i.e., interleaved FDMA) in the occupied channel 
To support UL multiplexing using any above option(s) and its scheduling (self-scheduling or cross-carrier scheduling) for LAA, CCA by eNB and/or UE is necessary to transmit the uplink data as a part of accessing for the DL+UL and/or UL transmission opportunity. Even if the channel is occupied as a result of the CCA, additional CCA is necessary to transmit the uplink data if the residual time of the occupied time is less than the uplink transmission time after receiving a UL grant (i.e., residual time < k). Note that if a UL receives a UL grant at subframe n, the UE shall transmit uplink data at the subframe n+k, where k is 4 in FDD and 4~7 in TDD frame structure (Please see our companion contribution [10], which introduces the UL timing issue and potential solution to resolve the issue).
Observation1: channel reservation is necessary to support UL (multiplexed) data transmission in unlicensed spectrum and the channel reservation can be performed by eNB and/or UE

Proposal1: RAN1 shall study how to support UL channel reservation for multiple UEs, with possible alternatives:

· Alt1: eNB performs LBT for UE’s UL transmission

· Alt2: UE performs LBT for its UL transmission
2.1 UL cross-carrier scheduling with LBT by UE
Figure 1 is an example of UL transmission if UL cross carrier is configured with FBE (left) and LBE (right). 
In FBE (in left), UE1 performs CCA to transmit UL data at subframe n+4, n+5, and n+9 in response to the UL grant at subframe n, n+1, and n+5, respectively. 

· If the channel is “idle,” the UE1 reserves the channel and transmits a reservation signal (“RSV”) to announce the channel is reserved. 
· Otherwise if the channel is “busy” (at subframe n+8), the UE1 retries CCA in the next idle period (at subframe n+13). 
· If the channel is “idle”, the UE1 reserves the channel and transmits a reservation signal (“RSV”)
Other scheduled UE(s) (i.e., UE2) monitors the reservation signal in the idle period. 

· If the channel is “idle” and “occupied” by the UE1 (at subframe n+3), the UE2 transmits UL data at the scheduled subframe n+5

· If the channel is “busy” or “RSV” is not detected (at subframe n+8), the UEs does not transmit UL data at the scheduled subframe n+10, but waits until next idle period (at subframe n+13)

In LBE (in right), UE3 performs CCA to transmit UL data at subframe n+4, n+5, and n+9 in response to the UL grant at subframe n, n+1, and n+5, respectively. 

· If the channel is “idle,” the UE3 reserves the channel and transmits a reservation signal (“RSV”) to announce the channel is reserved. 

· Otherwise if the channel is “busy” (at subframe n+8), the UE3 retries CCA till the channel is “idle”

· If the channel is “idle” (at subframe n+10), the UE3 reserves the channel and transmits a reservation signal (“RSV”)
Other scheduled UE(s) (i.e., UE4) monitors the reservation signal in the CCA time. 

· If the channel is “idle” and “occupied” by the UE2 (at subframe n+3), the UE3 transmits UL data at the scheduled subframe n+5

· If the channel is “busy” or “RSV” is not detected (at subframe n+8), the UEs does not transmit UL data at the scheduled subframe n+10, but expects next “RSV” (at subframe n+10)

Observation2: If UL cross-carrier scheduling is configured, signal transmitted by UE between the time the UE is permitted to transmit and the start of UL data transmission is beneficial in terms of 

· Blocking (reserve) the channel before UL transmission

· Alignment of the start of UL data transmission, if needed

· To indicate UE(s) expecting to transmit UL data whether the channel is occupied 
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Figure 1 – UL data transmission with LBT by UE if UL cross-carrier scheduling is configured (FBE in left and LBE in right)
2.2 UL self-scheduling with LBT by UE
Figure 2 is an example of UL transmission if UL self-scheduling is configured with FBE (left) and LBE (right). 

In FBE (in left), UE1 performs CCA to transmit UL data at subframe n+5, n+6, and n+15 in response to the UL grant at subframe n, n+1, and n+10, respectively. 

· If the channel is “idle,” the UE1 reserves the channel and transmits a reservation signal (“RSV”) to announce the channel is reserved. 

· Otherwise if the channel is “busy” (at subframe n+15), the UE1 retries CCA in the next idle period (at subframe n+19). 

· If the channel is “idle”, the UE1 reserves the channel and transmits a reservation signal (“RSV”)

Other scheduled UE(s) (i.e., UE2) monitors the reservation signal in the idle period. 

· If the channel is “idle” and “occupied” by the UE1 (at subframe n+4), the UE2 transmits UL data at the scheduled subframe n+6

· If the channel is “busy” or “RSV” is not detected (at subframe n+15), the UEs does not transmit UL data at the scheduled subframe n+15, but waits until next idle period (at subframe n+20) to perform CCA to reserve the channel by itself or to monitor “RSV”

In LBE (in right), UE3 performs CCA to transmit UL data at subframe n+4, n+5, and n+11 in response to the UL grant at subframe n, n+1, and n+7, respectively. 

· If the channel is “idle,” the UE3 reserves the channel and transmits a reservation signal (“RSV”) to announce the channel is reserved. 

· Otherwise if the channel is “busy” (at subframe n+10), the UE3 retries CCA till the channel is “idle”

· If the channel is “idle” (at subframe n+12), the UE3 reserves the channel and transmits a reservation signal (“RSV”)

Other scheduled UE(s) (i.e., UE4) monitors the reservation signal in the CCA time. 

· If the channel is “idle” and “occupied” by the UE2 (at subframe n+3), the UE3 transmits UL data at the scheduled subframe n+5

· If the channel is “busy” or “RSV” is not detected (at subframe n+10), the UEs does not transmit UL data at the scheduled subframe n+11, but expects next “RSV” (at subframe n+12) or performs CCA to reserve the channel by itself

Observation3: If DL and UL self-scheduling is configured, signal transmitted by UE between the time the UE is permitted to transmit and the start of UL data transmission is beneficial in terms of 

· Blocking (reserve) the channel before UL transmission

· Alignment of the start of UL data transmission, if needed

· To indicate UE(s) expecting to transmit UL data whether the channel is occupied 
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Figure 2 – UL data transmission with LBT by UE if UL self-scheduling is configured (FBE in left and LBE in right)
2.3 UL self-scheduling with LBT by eNB

Figure 3 and Figure 4 are example of UL transmission if UL self-scheduling is configured with FBE and LBE, respectively. (Note: The procedure in this section can also be adopted in the case of UL cross-carrier scheduling. Thus, we only discuss the procedure with UL self-scheduling)
In FBE (in Figure 3), eNB performs CCA to reserve for UL data transmission at subframe n+7, n+8, n+12, n+13, n+22, n+23 in response to the UL grant at subframe n, n+1, n+5, n+6, n+10, and n+11, respectively. 

· If the channel is “idle,” the eNB reserves the channel and transmits a reservation signal (“RSV”) to announce the channel is reserved. 

· Otherwise if the channel is “busy” (at subframe n+14), the eNB retries CCA in the next idle period (at subframe n+19). 

· If the channel is “idle”, the eNB reserves the channel and transmits a reservation signal (“RSV”) at subframe n+19

Other scheduled UE(s) (i.e., UE1 and UE2) monitors the reservation signal in the idle period. 

· If the channel is “idle” and “occupied” by the eNB (at subframe n+4), the UE1 transmits UL data at the scheduled subframe n+7 and UE2 transmits at subframe n+8

· If the channel is “busy” or “RSV” is not detected (at subframe n+14), the UEs does not transmit UL data at the scheduled subframe n+17, n+18, but waits until next idle period (at subframe n+19) to monitor “RSV”

· If the channel is “idle” and “occupied” by the eNB (monitoring “RSV” at subframe n+19), the UE1 and UE2 transmit the UL data at subframe n+22 and n+23, respectively 

· Note that the time to transmit UL data at subframe n+22 and n+23 is discussed in our companion contribution [10].

In LBE (in Figure 4), eNB performs CCA to reserve for UL data transmission at subframe n+7, n+8, n+12, n+13, n+19, n+20 in response to the UL grant at subframe n, n+1, n+5, n+6, n+10, and n+11, respectively. 

· If the channel is “idle,” the eNB reserves the channel and transmits a reservation signal (“RSV”) to announce the channel is reserved. 

· Otherwise if the channel is “busy” (at subframe n+14), the eNB retries CCA till the channel is “idle” 

· If the channel is “idle” (at subframe n+16), the eNB reserves the channel and transmits a reservation signal (“RSV”) at subframe n+16

Other scheduled UE(s) (i.e., UE3 and UE4) monitors the reservation signal. 

· If the channel is “idle” and “occupied” by the eNB (at subframe n+4), the UE1 transmits UL data at the scheduled subframe n+7 and UE2 transmits at subframe n+8

· If the channel is “busy” or “RSV” is not detected (at subframe n+14), the UEs does not transmit UL data at the scheduled subframe n+17, n+18, but expects next “RSV” (at following subframes i.e., n+ 15, n+16) to monitor “RSV”

· If the channel is “idle” and “occupied” by the eNB (monitoring “RSV” at subframe n+16), the UE3 and UE4 transmit the UL data at subframe n+19 and n+20, respectively 

· Note that the time to transmit UL data at subframe n+19 and n+20 is discussed in our companion contribution [10].

Observation4: If DL and UL self-scheduling is configured with frame configuration, signal transmitted by eNB between the time the eNB is permitted to transmit and the start of UL data transmission is beneficial in terms of 

· Blocking (reserve) the channel before DL/UL transmission

· Alignment of the start of DL/UL data transmission, if needed

· To indicate UE(s) expecting to transmit UL data whether the channel is occupied 
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Figure 3 – UL data transmission with FBE LBT by eNB if UL self-scheduling is configured (DL:UL=2:2 frame configuration is assumed)
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Figure 4 – UL data transmission with LBE LBT by eNB if UL self-scheduling is configured (DL:UL=2:2 frame configuration is assumed)

2.4 Fractional subframe transmission
In order to meet the regulatory requirement, CCA has to be performed to reserve the channel and data transmission, which is limited to the maximum COT (i.e., 4ms in Japan, 10ms/13ms for FBE/LBE in Europe). Figure 5 is an example of fractional subframe transmission due to the CCA and regulatory requirements. In DL transmission, fractional subframe transmission is considered as one of potential solutions during the allowed COT. In addition, UE may/may not transmit UL data at the subframe boundary due to the uncertain channel reservation time (including reservation or not). 
Observation5: Data transmission during COT may not start/end in the subframe boundary due to uncertain channel reservation time and limited maximum COT.
Proposal2: RAN1 shall study fractional subframe transmission for UL as well as DL for LAA.
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Figure 5 – fractional subframe transmission due to CCA and regulatory requirements

2.5 Comparison of UL LBT for LAA
Table 1 and Table 2 summarise the comparison of introduced LBT of LAA supporting DL+UL above, focusing on the impact on the RAN1 operation, including LBT (CCA) of each DL+UL scheduling combination. 

Table 1 – Comparison of DL+UL scheduling in terms of UL LBT for LAA
	
	Combination1
	Combination2
	Combination3
	Combination4

	What?
	DL/UL self-scheduling
	DL: self-scheduling

UL: cross-carrier scheduling
	DL: cross-carrier scheduling

UL: self-scheduling
	DL/UL cross-carrier scheduling

	DL
	DCI(PDCCH) transmission
	- CCA is needed
	- CCA is needed
	- No CCA is needed
	- No CCA is needed

	
	PDSCH transmission
	- CCA is needed
	- CCA is needed
	- CCA is needed
	- CCA is needed

	UL
	UL Grant(PDCCH) transmission
	- CCA is needed
	- No CCA is needed
	- CCA is needed
	- No CCA is needed

	
	PUSCH transmission
	- CCA is needed
	- CCA is needed
	- CCA is needed
	- CCA is needed

	DL CCA
	DL CCA
	- simultaneous CCA for PDCCH and PDSCH

- CCA for UL Grant
	- simultaneous CCA for PDCCH and PDSCH

- No CCA for UL Grant
	- CCA for DL assignment is not needed, but for UL Grant is needed

- CCA for UL Grant
	- No CCA for DL/UL assignment, but blocking the portion PDCCH is needed

	UL CCA
	eNB performs LBT for UE's UL transmission
	- may support UL multiplexing

	
	UE performs LBT for UL
	- hard (or needs to enhance) to support UE multiplexing

	standard impact
	- No guarantee the UL timing after UL Grant

- UE performs UL transmission if the channel is determined to be "idle" after CCA


Table 2 – Comparison of UL LBT (by UE and eNB) for LAA

	　
	Alt1: LBT by UE
	Alt2: LBT by eNB

	pros
	- applicable to the UL cross-carrier scheduling

( no needs to perform CCA for reservation of DL subframes

- no needs to define UL timing
	- eNB performs single CCA, including DL and UL subframes

- LTE TDD frame configuration can be reused (but not a single global solution)
- LTE friendly approach (network centric operation) ( relatively easy to support UL multiplexing

	cons
	- CCA shall be performed before the time of UL transmission ( if channel is "busy," UL transmission is not performed 

- eNB and UE may perform the CCA at the same time

- needs to indicate the channel is “busy” or “occupied” as a result of CCA before UL transmission

- needs to enhance to support UL multiplexing
	- needs to define UL timing based on the frame configuration

- if no DL data in the time to reserve UL data transmission, it may result to unnecessary DL data reservation (if used frame configuration)

	Standard impact (consideration)
	- re-arrangement of the subframe virtually from the occupied channel 

- resolve the uncertainty of CCA of UL (e.g., multiple UEs’ CCA) ( reservation signal by UE can be considered
	- frame configuration design and indication

- UL timing re-design

- reservation signal can be considered


Observation6: UL data transmission of unlicensed bands needs to study carefully in terms of RAN1 operation, including Listen-before-talk (Clear channel assessment), including scheduling combination. 
Proposal3: RAN1 shall study LBT how to reserve the channel and how to indicate the channel is occupied (if needed) for LAA supporting DL+UL.
3 Conclusion
In this contribution, we discussed about required functionalities and possible alternatives of frame structures offering the UL data transmission in unlicensed spectrum, including potential solution with re-arrangement of subframes. As a general design principal, we propose:

Observation1: channel reservation is necessary to support UL (multiplexed) data transmission in unlicensed spectrum and the channel reservation can be performed by eNB and/or UE

Proposal1: RAN1 shall study how to support UL channel reservation for multiple UEs, with possible alternatives:

· Alt1: eNB performs LBT for UE’s UL transmission

· Alt2: UE performs LBT for its UL transmission
Observation2: If UL cross-carrier scheduling is configured, signal transmitted by UE between the time the UE is permitted to transmit and the start of UL data transmission is beneficial in terms of 

· Blocking (reserve) the channel before UL transmission

· Alignment of the start of UL data transmission, if needed

· To indicate UE(s) expecting to transmit UL data whether the channel is occupied 
Observation3: If DL and UL self-scheduling is configured, signal transmitted by UE between the time the UE is permitted to transmit and the start of UL data transmission is beneficial in terms of 

· Blocking (reserve) the channel before UL transmission

· Alignment of the start of UL data transmission, if needed

· To indicate UE(s) expecting to transmit UL data whether the channel is occupied 
Observation4: If DL and UL self-scheduling is configured with frame configuration, signal transmitted by eNB between the time the eNB is permitted to transmit and the start of UL data transmission is beneficial in terms of 

· Blocking (reserve) the channel before DL/UL transmission

· Alignment of the start of DL/UL data transmission, if needed

· To indicate UE(s) expecting to transmit UL data whether the channel is occupied 
Observation5: Data transmission during COT may not start/end in the subframe boundary due to uncertain channel reservation time and limited maximum COT.

Proposal2: RAN1 shall study fractional subframe transmission for UL as well as DL for LAA.
Observation6: UL data transmission of unlicensed bands needs to study carefully in terms of RAN1 operation, including Listen-before-talk (Clear channel assessment), including scheduling combination. 
Proposal3: RAN1 shall study LBT how to reserve the channel and how to indicate the channel is occupied (if needed) for LAA supporting DL+UL.
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Focusing on LTE Carrier Aggregation configurations and architecture where one or more low power Scell(s) (ie. based on regulatory power limits) operates in unlicensed spectrum and is either DL-only or contains UL and DL, and where the PCell operates in licensed spectrum and can be either LTE FDD or LTE TDD. [RAN1]
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