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1 Introduction

In RAN#65, Study on Licensed-Assisted Access using LTE (FS_LAA_LTE) is approved with objectives described in RP-141664[1] as a complementary tool to augment the service offering in unlicensed spectrum, including the possible scenarios:

In order to achieve the objectives described above, we will discuss on the possible LAA using LTE deployment and operational scenarios to be studied in RAN1, where the start point is the LTE CA scenarios as well as LTE TDD+FDD joint operational scenarios. 

2 Terminology for this paper
· LCC (Licensed CC): component carrier operated in licensed spectrum; if “Licensed-Assisted Access” is considered, LCC is integrated into LTE as a Primary or Secondary Component Carrier.
· UCC (Unlicensed CC): component carrier operated in unlicensed spectrum; if “Licensed-Assisted Access” is considered, UCC is integrated into LTE as a Secondary Component Carrier, corresponding to SCell.
· P-LCC (Primary Licensed CC): Primary Component Carrier operated in licensed spectrum, corresponding to PCell

· S-LCC (Secondary LCC): Secondary Component Carrier operated in licensed spectrum, corresponding to SCell

3 Discussion on the deployment and operational scenarios
3.1 LAA using LTE deployment scenarios

Following LTE CA scenarios are possible scenarios to re-use or to extend in the LAA using LTE deployment scenarios:

· LTE CA scenarios 2, 3: these scenarios are applicable to a case when two different bands are co-located and overlaid. Thus, these scenarios can be applied in the following scenario of LAA using LTE:

· When the PCell and low power SCell are co-located and overlaid, where LCC is configured in PCell and UCC is configured low power SCell

· LTE CA scenarios 4, 5: these scenarios are applicable to a case when PCell provides macro coverage and low power SCell (e.g., RRH) are used to improve throughput at hot spots, where PCell and SCell are assumed to be configured with ideal backhaul. Thus, these scenarios can be applied in the following scenarios of LAA using LTE:

· When the PCell and lower power SCell are non-co-located, but the S-LCC and UCC are configured in the single low power SCell 

· When the PCell and low power SCell are non-co-located, but the UCC is only configured in the low power SCell.


Figure 1
 shows the possible LAA using LTE deployment scenarios with the possible configuration (summarised in the Table), where the LCC is configured in both/either PCell and/or low power SCell(s) and the UCC is deployed in the indoor and outdoor low power SCell(s). 
In LAA using LTE focusing on the LTE CA configuration, following scenarios can be applied:

· co-located PCell and low power SCell(s) – Scenario 1a, 1b
· non-co-located PCell and low power SCell (configured with LCC and UCC) with ideal backhaul – Scenario 2a, 2b
· non-co-located PCell and low power SCell (configured with UCC) with ideal backhaul – Scenario 3a, 3b
In addition, P-LCC, S-LCC and UCC can be configured with the following scenarios:

· P-LCC, S-LCC and UCC are configured in a single low power Cell – Scenario 1a, 1b
· P-LCC and UCC are configured in a single low power Cell – Scenario 1a, 1b

· S-LCC and UCC are only configured in a single low power SCell – Scenario 2a, 2b

· S-LCC and UCC are configured in the individual low power SCell – Scenario 3a, 3b

Observation1: In LAA using LTE in unlicensed spectrum, 
· LCC (licensed CC) is configured either PCell or (low power) SCell, but UCC (Unlicensed CC) is only configured in low power SCell. 
· LCC configured Cell and UCC configured (low power) SCell are assumed to be either 1) co-located or 2) non-co-located with ideal backhaul
Proposal 1: LAA using LTE should capture the deployment scenarios 1a, 1b, 2a, 2b, 3a, 3d (in Figure 1) 
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(a) LAA deployment scenario of low power Cell (L+U),
where scenario 1a is low power Cell (L+U) in outdoor
and scenario 1b is low power Cell (L+U) in indoor
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(¢) LAA deployment scenario of PCell (L)-SCell (U)
with ideal backhaul between PCell and low power
SCell, where scenario 3a is low power SCell (U) in
outdoor and scenario 3b is low power SCell (U) in
indoor
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(b) LAA deployment scenario of PCell (1)-SCell (L+U)
with ideal backhaul between PCell and low power SCell,
where scenario 2a is low power SCell (L+U) in outdoor
and scenario 2b is low power SCell (L+U) in indoor
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	Deployment scenario
	Indoor/Outdoor
	Relevant LTE CA scenarios
	Carrier configures
	Co-located
	Note

	Scenario1a
	Outdoor (small cell scenario 2a)
	LTE CA scenarios 2,3 in low power cell
	Low power Cell (L+U)
	LCC and UCC are co-located
	- LTE CA is configured in low power cell

- PCell and SCell are configured in a single low power cell (co-located PCell and SCell)
- UCC is configured to SCell 

- P-LCC is configured to PCell

- if S-LCC is configured (P-LCC+S-LCC+UCC), S-LCC is configured in to SCell

	Scenario1b
	Indoor (small cell scenario 2b)
	
	
	
	

	Scenario2a
	Outdoor (small cell scenario 2a)
	- LTE CA scenarios 4,5 between PCell and SCell with IB
- LTE CA scenarios 2,3 in low power SCell
	PCell (L)+low power SCell (L+U) with IB
	S-LCC and UCC are co-located
	- LTE CA is configured in PCell and low power SCell with ideal backhaul (non-co-located PCell and SCell)
- S-LCC and UCC are configured in a single low power SCell

	Scenario2b
	Indoor (small cell scenario 2b)
	
	
	
	

	Scenario3a
	Outdoor (small cell scenario 2a)
	- LTE CA scenarios 4,5 between PCell and SCell with IB
	PCell (L)+low power SCell (U) with IB
	(P-)LCC and UCC are non-co-located
	- CA is configured in PCell and low power SCell with ideal backhaul (non-co-located PCell and SCell)
- LCC is only configured in a PCell
- UCC is only configured in a single low power SCell

	Scenario3b
	Indoor (small cell scenario 2b)
	
	
	
	


Figure 1 - LAA using LTE deployment scenarios (L: LCC, U: UCC)
3.2 LAA using LTE operational scenarios
As described in RP-141664[1], either FDD PCell or TDD PCell operates in licensed spectrum, and either FDD UCC or TDD UCC is configured in low power SCell. Following LTE TDD+FDD joint operation including CA scenarios are possible scenarios to re-use or to extend in the LAA using LTE operational scenarios:

· Paired duplexing CA (1) FDD on PCell and FDD on SCell; 2) TDD on PCell and TDD on SCell): LAA using LTE shall follows the operation as described LTE CA operation

· Un-paired duplexing CA (1) FDD on PCell and TDD on SCell; 2) TDD on PCell and FDD on SCell): LAA using LTE shall follows the operation as described in LTE CA operation as well as in LTE TDD+FDD joint operation

In addition, in LAA using LTE operational scenarios, low power SCell configured with UCC operated in unlicensed spectrum with DL-only service or DL+UL service. Thus, in the DL-only service scenarios, DL subframes are only necessary, but UL subframes (including special subframe in TDD) may be unnecessary (or not available).
Observation2: LAA using LTE in unlicensed carrier (i.e., UCC) will be deployed in low power SCell with either DL+UL or DL-only service. In DL-only service in low power SCell to operate in unlicensed spectrum, DL subframes are only necessary (or available), but UL subframes are unnecessary (or not available).

If PUCCH on PCell is assumed, UL feedback (e.g., HARQ ACK/NAK, CQI) relevant to the DL service in unlicensed spectrum shall be transmitted via the PCell because PUCCH on SCell is not available. In addition, when UL subframes are not available in unlicensed spectrum, the UL feedback shall also be transmitted via the PCell. 
Observation3: UL relevant DL service in unlicensed spectrum is transmitted via LCC (licensed CC) when UL subframes may not be available in UCC (unlicensed CC).

Proposal2: For the LAA using LTE scheduling, following should be included:

· UL traffic (relevant DL service in unlicensed spectrum) is transmitted via licensed carrier 
4 Conclusion
In this contribution, we discussed about LAA using LTE scenarios offering the service in unlicensed spectrum, in the perspective of LTE CA configuration. As a general design principal, we propose: 

Observation1: In LAA using LTE in unlicensed spectrum, 

· LCC (licensed CC) is configured either PCell or (low power) SCell, but UCC (Unlicensed CC) is only configured in low power SCell. 

· LCC configured Cell and UCC configured (low power) SCell are assumed to be either 1) co-located or 2) non-co-located with ideal backhaul
Proposal1: LAA using LTE should capture the deployment scenarios 1a, 1b, 2a, 2b, 3a, 3d (in Figure 1)

Observation2: LAA using LTE in unlicensed carrier (i.e., UCC) will be deployed in low power SCell with either DL+UL or DL-only service. In DL-only service in low power SCell to operate in unlicensed spectrum, DL subframes are only necessary, but UL subframes are unnecessary (or not available).

Observation3: UL relevant DL service in unlicensed spectrum is transmitted via LCC (licensed CC) when UL subframes may not be available in UCC (unlicensed CC).
Proposal2: For the LAA using LTE scheduling, following should be included:

· UL traffic (relevant DL service in unlicensed spectrum) is transmitted via licensed carrier
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Note: Dual Connectivity is not included in this SI. A standalone access to unlicensed spectrum is not part of the study.
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