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1. Introduction

During RAN #68 meeting, WI on licensed-assisted access (LAA) to unlicensed spectrum was approved and the following was included in WID [1].
	WID in RP-151045:
· When specifying support for LAA SCells with only DL transmission, the following for the UL should be agreed (but not specified): the principles of UL channel access and the necessary forward compatibility mechanism so that the UL for LAA SCells can be added in future release without modifications to the DL design.


In this contribution, we discuss options and design principles for UL LBT for LAA.
2. Discussion

2.1. Connection between DL and UL

For the forward compatibility of Rel-13 LAA DL, the following aspects should be considered as for the potential impacts of future release LAA UL to the Rel-13 LAA DL design

· Support UE-sensing based LBT for UL channel access
· Support of eNB-sensing based LBT for UL channel access

· CCA gap generation based on LBT parameters for UL (if UE-sensing based LBT is supported)
· Relationship between reservation signal for DL and UL (if reservation signal is introduced for UL)
· Multiplexing of DL TX burst and UL TX burst
Above aspects are mostly related to the design of UL channel access scheme. Therefore, it is important to decide on the principles of UL channel access scheme during standardization of Rel-13 LAA DL for the forward compatibility with LAA UL in future releases

Suggestion 1: Principles of UL channel access scheme for future release LAA UL should be decided and considered in designing Rel-13 LAA DL
2.2. UL LBT operation
2.2.1. UL TX timing

In LTE UL, it is basic principle that UE’s UL data transmission timing/format follows eNB’s scheduling command, which ease the eNB’s UL data reception and multiplexing UL data transmissions from multiple UEs. It seems reasonable to follow the same principle as a baseline for LAA UL data transmission with LBT. 

Suggestion 2: For UL LBT, when eNB schedules a UE to transmit PUSCH in subframe n, it is baseline for the UE to transmit corresponding PUSCH only in subframe n.

2.2.2. Carrier sensing at UE side
In the current European regulation on LBT [2], it seems that CCA operation of transmitting node is mandated. Moreover, it seems necessary for general deign of LAA UL in further release to support an option of UL channel access which does not require special assumption on the eNB’s channel reservation or carrier sensing. Therefore, UL LBT operation should at least support CCA operation at UE side.
Suggestion 3: For UL LBT, it is baseline to support at least CCA operation at UE side while other options can be considered for further enhancement.
If a UE performs carrier sensing (CS), it would be beneficial to set a time gap consisting of multiple SC-FDMA symbols between TX bursts. For convenience, we call the time gap as “TX gap”. If TX gap is not applied, the UE should wait more than or equal to one subframe during UL LBT operation to transmit next TX burst after a TX burst transmission has finished.

Suggestion 4: For UL LBT, TX burst transmission from UE may finish before last N (N > 0) SC-FDM symbol(s) in the last subframe to create a gap for CCA for the next TX burst, where the value N is FFS.
2.2.3. Candidates for carrier sensing at UE side
Regarding LBT category (Cat) in [3], there can be three possible LBT categories (i.e., Cat 2, Cat 3, and Cat 4) for UL LBT when CS at UE side is considered. In this section, we provide evaluation results for DL and UL transmission in indoor LAA-WiFi coexisting scenario when Cat 4 is assumed for DL LBT and Cat 2 or Cat 4 (with fixed contention window size) is assumed for UL LBT. The range of packet arrival rate is adjusted to cover buffer occupancy (BO) from 20% to 60% in the case of the baseline which is WiFi only scenario. For UL LBT scheme, the followings are assumed and other simulation parameters are described in Appendix.
· Cat 2

· CCA slot length is set to 34us without defer period.

· In the ending subframe of TX burst, last [1, 2, 3] SC-FDMA symbols are used for TX gap for maximum TX burst length of [1, 2, 4] ms.
· Cat 4

· Initial CCA slot length and defer period is set to 34us.

· ECCA slot length is set to 8us.
· Contention window (CW) is fixed to [4, 8, 16] for maximum TX burst length of [1, 2, 4] ms.
· In the ending subframe of TX burst, last [1, 2, 3] SC-FDMA symbols are used for TX gap for maximum TX burst length of [1, 2, 4] ms.
In Table 1 and 2, we provide UL and DL performance in terms of mean UPT when Cat 2 or Cat 4 is applied for UL LBT and the maximum UL TX burst length of LAA is set to [1, 2, 4] ms.
Table 1. Mean UPT [Mbps] of UL with Cat 2/Cat 4 UL LBT

(a)  LAA
	
	0.22
	0.24
	0.26

	Max. UL TX [ms]
	Cat 2
	Cat 4
	Cat 2
	Cat 4
	Cat 2
	Cat 4

	1
	38.56 
	42.07 
	36.04 
	39.38 
	33.62
	35.08 

	2
	41.22 
	46.63 
	38.19 
	43.80 
	34.98
	40.16 

	4
	41.37 
	48.74 
	38.41 
	46.28 
	35.80
	43.30 


(b)  WiFi
	
	0.22
	0.24
	0.26

	Max. UL TX [ms]
	Cat 2
	Cat 4
	Cat 2
	Cat 4
	Cat 2
	Cat 4

	WiFi baseline
	33.55
	23.67
	13.71

	1
	43.78
	38.99
	41.42 
	35.90
	38.90 
	31.24

	2
	44.07
	39.74
	41.75 
	36.91
	39.37 
	33.12

	4
	43.82
	40.33
	41.59 
	37.74
	38.99 
	34.28


Table 2. Mean UPT [Mbps] of DL with Cat 2/Cat 4 UL LBT

(a) LAA
	
	0.22
	0.24
	0.26

	Max. UL TX [ms]
	Cat 2
	Cat 4
	Cat 2
	Cat 4
	Cat 2
	Cat 4

	1
	48.92 
	45.17
	46.45 
	41.95
	43.42
	36.82

	2
	49.31
	45.97
	46.58
	43.01
	43.83
	38.92

	4
	49.22
	46.44
	46.57
	43.55
	43.46
	39.99


(b)  WiFi
	
	0.22
	0.24
	0.26

	Max. UL TX [ms]
	Cat 2
	Cat 4
	Cat 2
	Cat 4
	Cat 2
	Cat 4

	WiFi baseline
	31.62
	22.03
	12.27

	1
	42.88 
	37.49
	40.53 
	34.15
	37.98
	29.46

	2
	43.16
	38.32
	40.81
	35.21
	38.45
	31.46

	4
	42.89
	39.01
	40.49
	36.18
	37.92
	32.85


It can be seen that the LAA UL performance of Cat 4 is better than that of Cat 2 for maximum UL TX burst length of [1, 2, 4] ms and the performance gain of Cat 4 compared to Cat 2 increase as UL TX burst length increases. This is mainly because Cat 4 can give more opportunity to UE for UL transmission when LAA UL is competing with WiFi and LAA DL.
Observation 1: For UL LBT, Cat 4 can achieve better UL performance gain than Cat 2 and the performance gain increases as the length of UL TX burst increase.

However, it should be noted that the UL performance gain of Cat 4 costs the performance of LAA DL and WiFi DL/UL as shown in Table 1 and 2. When Cat 4 is applied for UL LBT, additional reservation signal at UE side can be transmitted and make channel more congested than Cat 2. In addition to this, random back-off operation of Cat 4 may prevent to reuse frequency between UEs and thus effectively more nodes contend for channel access compared to Cat 2.
Suggestion 5: For UL LBT, the followings can be considered for LBT operation.
· Cat 2 with considerations of
· UL LBT parameters (e.g., CCA slot length)

· Cat 4 with considerations of

· UL LBT parameters (e.g., CW size, CCA slot length) regarding TX burst length

· UL reservation signal
· Frequency reuse between UEs
2.2.4. Carrier sensing at eNB side
There can be another CS mechanism that eNB performs CS and if the channel is assessed as idle, eNB transmits (e)PDCCH which schedules PUSCH transmission of the UE. The UE transmits PUSCH at a given time after the (e)PDCCH reception as in normal LTE PUSCH scheduling operation (e.g., without CS at UE side). With this operation, eNB may have to transmit reservation signal or any available DL transmission during the time interval between (e)PDCCH transmission and PUSCH reception to prevent other network nodes assess idle channel and start to transmit their own signal. This operation is illustrated in figure 1. Even though eNB’s transmission of long reservation signal would not be desirable in both LAA network performance and other coexisting network performance, this approach can be considered as long as the total transmission time of eNB and UE is restricted reasonably.
Suggestion 6: For UL LBT, eNB’s CS based UL transmission can be considered for further enhancement.
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Figure 1. Carrier sensing at eNB side
3. Conclusion
In this contribution, we discussed details of the LBT operation of LAA UL and suggested some possible UL LBT operation and the related enhancements. The suggestions of this paper are summarized as follows.
Suggestion 1: Principles of UL channel access scheme for future release LAA UL should be decided and considered in designing Rel-13 LAA DL

Suggestion 2: For UL LBT, when eNB schedules a UE to transmit PUSCH in subframe n, it is baseline for the UE to transmit corresponding PUSCH only in subframe n.

Suggestion 3: For UL LBT, it is baseline to support at least CCA operation at UE side while other options can be considered for further enhancement.
Suggestion 4: For UL LBT, TX burst transmission from UE may finish before last N (N > 0) SC-FDM symbol(s) in the last subframe to create a gap for CCA for the next TX burst, where the value N is FFS.
Suggestion 5: For UL LBT, the followings can be considered for LBT operation.

· Cat 2 with considerations of

· UL LBT parameters (e.g., CCA slot length)

· Cat 4 with considerations of

· UL LBT parameters (e.g., CW size, CCA slot length) regarding TX burst length

· UL reservation signal
· Frequency reuse between UEs
Suggestion 6: For UL LBT, eNB’s CS based UL transmission can be considered for further enhancement.
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Appendix A: Simulation Parameters and Assumptions
	
	LAA
	WiFi

	Number of carriers
	1

	Antenna configuration
	1Tx2Rx

	CCA threshold
	-62 dBm
	-62 dBm for CCA-ED

-82 dBm for CCA-CS

	CCA slot length
	34 us (Initial CCA & Defer period)
8 us (ECCA)
	8 us

	TX burst length
	< 4 ms (DL)

< [1, 2, 3, 4] ms (UL)
	< 4 ms

	MCS
	Exclude 256 QAM

	RTS/CTS
	Not modelled

	HARQ
	Asynchronous HARQ

	Rate control
	Closed loop
	Open loop


