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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 UL timing between a UL grant and UL data transmission. We also introduce a potential solution, resolving the UL timing between a UL grant and UL data transmission. 
2 Discussion on the UL transmission for LAA
2.1 Overview of UL transmission related to LAA
According to the previous discussions related to frame structure in [4][5]

 REF _Ref419380030 \n \h 
[6]

 REF _Ref419380033 \n \h 
[7]

 REF _Ref419380035 \n \h 
[8], following options are considerable for frame structure, supporting DL and UL for LAA:
· Re-design (or extension) of 10ms frames, TDD based 
· Special subframe can be re-assigned as for CCA 

· Re-design of TDD based frame configuration, considering regulatory requirements

· Adaptive variable length frame structure

· 4ms frame structure as for a single global solution with frame configuration or period and duration

· Frameless grant based transmission

· Implicitly assumed that subframe is DL if DL grant or CSI-RS exists in the subframe.
In addition, regardless of above frame structure options and DL scheduling (self-scheduling or cross-carrier scheduling) for LAA SCell, CCA 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 the 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
Observation1: It may need to perform CCA to transmit UL data in unlicensed spectrum after a UE receives a UL grant from eNB.

Uncertainty of channel access in license spectrum due to the CCA (see Figs 1-4 in [9]) may result in non-contiguous frames as well as longer delay to re-access the channel. Thus UL timing between a UL grant and UL transmission opportunity is not guaranteed, where the time of re-accessing the channel (Tinter-tx) may be longer than k (=4). 
Observation2: UE may not transmit the UL data in unlicensed spectrum after receiving a UL grant due to CCA.
Potentially longer time of re-accessing the channel (Tinter-tx) makes worse to support UL timing between a UL grant and UL transmission. Thus, we introduce re-design of the UL timing, considering the time of re-accessing the channel. Note that Tinter-tx is calculated by each UE received a UL grant.

Proposal1: RAN1 shall study how to support UL transmission after receiving a UL grant due to CCA.

2.2 Re-design of the UL timing after receiving UL grant with frameless grant based transmission
Figure 1 and Figure 2 are examples of re-arrangement of the occupied subframes after CCA with FBE (left) and LBE (right) in case of UL cross-carrier scheduling and UL self-scheduling, respectively. 
In the case of UL cross-carrier scheduling (in Figure 1), CCA is performed for the UL transmission before the UL transmission (at subframe n+k) after receiving a UL grant at subframe n (e.g., subframe n+3 if k=4). If the CCA is succeeded to occupy the channel at the subframe n+3, subframes n+4 to n+7 for FBE and n+4 to n+5 for LBE (if limited maximum COT is 4ms) are reserved for UL subframes, and UL data (1) and UL data (2) are transmitted. For the UL grant at subframe n+5, CCA is also performed at subframe n+8 to transmit UL data at subframe n+9. However, unless the channel is occupied, additional CCA is necessary to transmit in the next available (occupied) channel. In this example, re-access of the channel is from subframe n+14 to n+17 and subframe n+11 for the FBE case and the LBE case, respectively. Thus, subframe n+14 (in FBE) and n+11 (in LBE) are re-arranged to be the following UL subframe of the DL subframe (i.e., subframes n+5 to n+8). Finally, UE1 transmits UL data (3) in subframe n+14 in response to the UL grant in subframe n+5 and UE3 transmits UL data (3) in subframe n+11 in response to the UL grant in subframe n+8. 
Observation3: If the UL cross-carrier scheduling is configured, CCA for UL grant is not necessary. 

In the case of UL self-scheduling (in Figure 1), CCA is performed for the UL grant as well as UL transmission contiguously if the residual time after a UL grant of the occupied channel for DL transmission is less than the UL timing from the UL grant. It is assumed that CCA for the UL grant is performed by eNB and CCA for UL data transmission is performed by UE. eNB performs CCA in subframe n-1 to transmit a UL grant in subframe n, and the UE scheduled (received) the UL (a UL grant) performs CCA in subframe n+4 in FBE and n+3 in LBE. 
If two contiguous CCAs are succeeded to occupy the channel, subframes n to n+3 are re-arranged to be DL subframess and subframes n+5 to n+8 are re-arranged to be UL subframes in FBE. The UE (received the UL grant at subframe n) transmits UL data (1) at subframe n+5 based on the re-arranged virtual subframes. If the second CCA (at subframe n+14) is failed to reserve the channel, additional CCA (at subframe n+19) is performed until the channel is occupied. In addition, successful occupied channel is also re-arranged as virtual subframes from the UL grant (e.g., subframes n+10 to n+13 are DL subframes and subframes n+20 to n+23 are UL subframes). Thus, the UE (received the UL grant at subframe n+10) transmits UL data (3) at subframe n+20 based on the re-arranged virtual subframes. 
Similarly subframes n to n+2 are re-arranged to be DL subframes and n+4 to n+5 are re-arranged to be UL subframes in LBE if two contiguous CCAs are succeeded to occupy the channel. The UE (received the UL grant at subframe n) transmits UL data (1) at subframe n+4 based on the re-arranged subframes. If the second CCA (at subframe n+10) is failed to reserve the channel, additional CCA (at subframe n+12) is performed until the channel is occupied. In addition, successful occupied channel is also re-arranged as virtual subframes from the UL grant (e.g., subframe n+7 is DL subframe and subframe n+13 is UL subframe). Thus, the UE (received the UL grant at subframe n+7) transmits UL data (3) at subframe n+13 based on the re-arranged virtual subframes. 

Observation4: If the UL self-scheduling is configured, CCAs for a UL grant as well as UL data transmission are necessary.
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Figure 1 – Re-arrangement of the occupied subframes virtually (logically) if UL cross-carrier scheduling is configured (FBE in left and LBE in right)
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Figure 2 - Re-arrangement of the occupied subframes virtually (logically) if self-scheduling is configured (FBE in left and LBE in right)
2.3 Re-design of the UL timing after receiving UL grant with fixed frame configuration 

Figure 3 and Figure 4 are examples of the re-arrangement of the occupied subframes after CCA with FBE and LBE, respectively, where DL:UL=2:2 frame configuration during the COT (=4; for a global single solution) after each CCA is assumed. 

In the case of UL self-scheduling with FBE (in Figure 3), CCA is performed for the UL grant as well as UL transmission contiguously if the residual time after a UL grant of the occupied channel for DL transmission is less than the UL timing from the UL grant. eNB performs CCA in subframe n-1 to transmit a UL grant in subframe n, and the eNB also performs CCA for the UE scheduled (received) the UL (a UL grant) in subframe n+4. 

If two contiguous CCAs are succeeded to occupy the channel, subframes n to n+3 are re-arranged to be 2 DL subframes and 2 UL subframes, and subframes n+5 to n+8 are also re-arranged to be 2 DL subframes and 2 UL subframes. The UE (received the UL grant at subframe n) transmits UL data at subframe n+7 based on the re-arranged subframes, where k (=6) is larger than 4. If the second CCA (at subframe n+14) is failed to reserve the channel, additional CCA (at subframe n+19) is performed until the channel is occupied. In addition, successful occupied channel is also re-arranged as virtual subframes from the UL grant (e.g., subframes n+10 to n+13 are 2 DL and 2 UL subframes and subframes n+20 to n+23 are also 2 DL and 2 UL subframes). Thus, the UE (received the UL grant at subframe n+10) transmits UL data at subframe n+20 based on the re-arranged virtual subframes. 

Additionally in the case of UL self-scheduling with LBE (in Figure 4), CCA is performed for the UL grant as well as UL transmission contiguously if the residual time after a UL grant of the occupied channel for DL transmission is less than the UL timing from the UL grant. eNB performs CCA in subframe n-1 to transmit a UL grant in subframe n, and the eNB also performs CCA for the UE scheduled (received) the UL (a UL grant) in subframe n+4. If two contiguous CCAs are succeeded to occupy the channel, subframes n to n+3 are re-arranged to be 2 DL subframes and 2 UL subframes, and subframes n+5 to n+8 are also re-arranged to be 2 DL subframes and 2 UL subframes. The UE (received the UL grant at subframe n) transmits UL data at subframe n+7 based on the re-arranged subframes, where k (=6) is larger than 4. If the second CCA (at subframe n+14) is failed to reserve the channel, additional CCA (at subframe n+16) is performed until the channel is occupied. In addition, successful occupied channel is also re-arranged as virtual subframes from the UL grant (e.g., subframes n+10 to n+13 are 2 DL and 2 UL subframes and subframes n+17 to n+20 are also 2 DL and 2 UL subframes). Thus, the UE (received the UL grant at subframe n+10) transmits UL data at subframe n+17 based on the re-arranged virtual subframes. 

Observation5: If fixed frame configuration is defined, 

· Channel for DL and UL data transmission can be reserved by a single CCA

· Frame configuration and UL timing between a UL grant and UL transmission opportunity based on the frame configuration need to study 
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Figure 3 - Re-arrangement of the occupied subframes virtually (logically) configured self-scheduling with FBE (frame configuration with DL:UL = 2:2)
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Figure 4 - Re-arrangement of the occupied subframes virtually (logically) configured self-scheduling with LBE (frame configuration with DL:UL = 2:2)

2.4 Re-design of the UL timing after receiving UL grant with chained frame configuration 

Figure 5 and Figure 6 are examples of re-arrangement of the occupied subframes after CCA with FBE and LBE, respectively, where the number of DL subframes and the number of UL subframes are determined based on the previous occupied subframe during the COT (=4; for a global single solution) after each CCA. 

In the case of UL self-scheduling with FBE (in Figure 5), CCA is performed for the UL grant as well as UL transmission contiguously if the residual time after a UL grant of the occupied channel for DL transmission is less than the UL timing from the UL grant. eNB performs CCA in subframe n-1 to transmit a UL grant in subframe n, and the eNB also performs CCA for the UE scheduled (received) the UL (a UL grant) in subframe n+4. 

If two contiguous CCAs are succeeded to occupy the channel, subframes n to n+3 are re-arranged to be 2 DL subframes and 2 UL subframes, and subframes n+5 to n+8 are re-arranged to be 2 UL subframes and 2 DL subframes based on the first re-arranged subframes, where merged re-arranged subframes consists of 4 DL and 4 UL subframes repeatedly to set k to be 4. The UE (received the UL grant at subframe n) transmits UL data at subframe n+5 based on the re-arranged subframes, where k is 4. If the second CCA (at subframe n+14) is failed to reserve the channel, additional CCA (at subframe n+19) is performed until the channel is occupied. In addition, successful occupied channel is also re-arranged as virtual subframes from the UL grant (e.g., subframes n+10 to n+13 are 2 DL and 2 UL subframes but subframes n+20 to n+23 are 2 UL and 2 DL subframes). Thus, the UE (received the UL grant at subframe n+10) transmits UL data (4 subframe after the UL grant) at subframe n+20 based on the re-arranged virtual subframes. 

Additionally in the case of UL self-scheduling with LBE (in Figure 6), CCA is performed for the UL grant as well as UL transmission contiguously if the residual time after a UL grant of the occupied channel for DL transmission is less than the UL timing from the UL grant. eNB performs CCA in subframe n-1 to transmit a UL grant in subframe n, and the eNB also performs CCA for the UE scheduled (received) the UL (a UL grant) in subframe n+4. If two contiguous CCAs are succeeded to occupy the channel, subframes n to n+3 are re-arranged to be 2 DL subframes and 2 UL subframes, and subframes n+5 to n+8 are re-arranged to be 2 UL subframes and 2 DL subframes to meet the 4 UL timing in the re-arranged virtual subframes. The UE (received the UL grant at subframe n) transmits UL data at subframe n+5 based on the re-arranged virtual subframes, where k is 4. If the second CCA (at subframe n+14) is failed, additional CCA (at subframe n+16) is performed until the channel is occupied. In addition, successful occupied channel is also re-arranged as virtual subframes from the UL grant (e.g., subframes n+10 to n+13 are 2 DL and 2 UL subframes but subframes n+17 to n+20 are 2 UL and 2 DL subframes). Thus, the UE (received the UL grant at subframe n+10) transmits UL data (4 subframe after a UL grant) at subframe n+17 based on the re-arranged virtual subframes.

Observation6: If chained frame configuration is defined, 

· Channel for DL and UL data transmission can be reserved by a single CCA

· Frame configuration and UL timing between a UL grant and UL transmission opportunity based on the frame configuration need to study 
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Figure 5 - Re-arrangement of the occupied subframes virtually (logically) configured self-scheduling with FBE (virtual frame consists of 4 DL subframes and 4 UL subframes repeatedly)
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Figure 6 - Re-arrangement of the occupied subframes virtually (logically) configured self-scheduling with LBE (virtual frame consists of 4 DL subframes and 4 UL subframes repeatedly)
2.5 Comparison of frame configuration for LAA
Table 1 summarises the comparison of introduced frame configurations of LAA above, focusing on the impact on the RAN1 operation, including LBT (CCA) and UL timing. 

Table 1 – Comparison of frame configuration for LAA
	　
	Alt1: Frameless grant based
	Alt2: Fixed frame configuration
	Alt3: Chained frame configuration

	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)
	- eNB performs single CCA, including DL and UL subframes
- LTE friendly approach (network centric operation)

- no needs to define UL timing based on the frame configuration (i.e., common UL timing can be used for all frame configuration)

	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 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 no DL data in the time to reserve UL data transmission, it may result to unnecessary DL data reservation  
- needs to know the frame configuration and the frame is first or second

	Standard impact (consideration)
	- re-arrangement of the subframe virtually from the occupied channel 
- resolving the uncertainty of CCA of UL (e.g., multiple UEs’ CCA)
	- Frame configuration design and indication
- UL timing re-design
	- Frame configuration design and indication


Observation7: UL data transmission of unlicensed bands needs to study in terms of RAN1 operation, including Listen-before-talk (Clear channel assessment), UL timing, frame structure. 
Proposal2: Frame structure supporting DL and UL for LAA shall be studied and designed, including the UL timing due to uncertainty of channel access for UL data transmission, with following alternatives:

· Alt 1: Frameless based frame configuration
· Alt2: Fixed frame configuration
· Alt3: Chained frame configuration

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: It may need to perform CCA to transmit UL data in unlicensed spectrum after a UE receives a UL grant from eNB.

Observation2: UE may not transmit the UL data in unlicensed spectrum after receiving a UL grant due to CCA.
Proposal1: RAN1 shall study how to support UL transmission after receiving a UL grant due to CCA.

Observation3: If the UL cross-carrier scheduling is configured, CCA for the UL grant is not necessary. 

Observation4: If the UL self-scheduling is configured, CCAs for the UL grant as well as UL data transmission are necessary.
Observation5: If fixed frame configuration is defined, 

· Channel for DL and UL data transmission can be reserved by a single CCA

· Frame configuration and UL timing between a UL grant and UL transmission opportunity based on the frame configuration need to study 
Observation6: If chained frame configuration is defined, 

· Channel for DL and UL data transmission can be reserved by a single CCA

· Frame configuration and UL timing between a UL grant and UL transmission opportunity based on the frame configuration need to study 
Observation7: UL data transmission of unlicensed bands needs to study in terms of RAN1 operation, including Listen-before-talk (Clear channel assessment), UL timing, frame structure. 
Proposal2: Frame structure supporting DL and UL for LAA shall be studied and designed, including the UL timing due to uncertainty of channel access for UL data transmission, with following alternatives:

· Alt 1: Frameless based frame configuration

· Alt2: Fixed frame configuration

· Alt3: Chained frame configuration
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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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