3GPP TSG RAN WG1 Meeting #84bis                       R1-162472
Busan, Korea, 11th – 15th April 2016
Agenda Item:
7.3.1.5
Source: 
LG Electronics

Title: 
Evaluation of LBT operation in LAA UL
Document for:
Discussion and decision
1. Introduction

During Rel-13 LAA WI, there was discussion on UL LBT operation and the following agreements were made [1].
	Agreement:

· For self-carrier scheduling, the following UL LBT candidate procedures should be considered
· A CCA duration of at least 25 us before the transmission burst

· The sensing duration in a CCA slot can be less than the CCA slot duration

· A category 4 LBT scheme with a defer period of 25 µs including a defer duration of 16 us followed by one CCA slot, and a maximum contention window size chosen from X={3, 4, 5, 6, 7},

· FFS: The random backoff counter is generated at the eNB and is signaled to the UE

· FFS: When a UL grant is subject to LBT with a new random counter, the UL transmissions scheduled by the UL grant also uses a new random counter (previous counter is discarded) irrespective of prior success/failure in accessing the channel. 

· The UL maximum contention window size should be smaller than for DL category 4 LBT

· Note that X = 7 can be revisited later after DL LBT discussions, if necessary

· FFS: Energy detection threshold used for UL LBT
Agreement:

· To avoid severe interference to on-going transmissions of other LAA networks or other technologies (e.g. Wi-Fi), LAA UE device should consider LBT before sending UL transmission burst.

· FFS: Whether and under what conditions the following option may be used.

· Transmission without LBT when an UL transmission burst on a carrier follows a DL transmission burst on that respective carrier with a gap of at most 16 µs between the two bursts

Note: Performance analysis shall demonstrate fair co-existence with Wi-Fi, when UL LBT procedure (including transmission without LBT) is used along with Rel-13 DL LBT procedure (including energy detection threshold applied at LAA eNB).

Agreement:

· For cross-carrier scheduling, when an LBT operation is performed on the SCell to send a grant on another Cell, the UL LBT procedure is the same as that for self-carrier scheduling. 

· For cross-carrier scheduling, when an LBT operation is not performed on the SCell, one or more of the following UL LBT procedures should be supported

· A CCA duration of at least 25 us before the transmission burst

· The sensing duration can be less than the CCA duration

· A category 4 LBT scheme with a defer period of 25 µs including a defer duration of 16 us followed by one CCA slot, 

· FFS: The random backoff counter is generated at the eNB and is signalled to the UE

· FFS: Whether the UL maximum contention window size can be smaller than that for DL category 4 LBT

· FFS: Whether the UL maximum contention window size should be greater than that for self-carrier scheduled UL

· FFS: Energy detection threshold used for UL LBT


In this contribution, we provide coexistence performance of LAA and Wi-Fi in indoor scenario with multiple LBT options for PUSCH and UL grant for two types of UL scheduling (i.e., cross carrier scheduling and self-carrier scheduling).
2. Discussion

2.1. Simulation assumptions
In our evaluation, we assume that category 4 (Cat 4) LBT is applied for PDSCH transmission. For DL Cat 4 LBT, maximum channel occupancy time (MCOT) of 8 ms is chosen for evaluation assuming Channel Access Priority Class 3 and contention window (CW) size is adjusted between {15, 31, 63} following the adaptation rule in [2]. For LBT for PUSCH and UL grant, we will describe detailed LBT options for each of evaluation results.
LBT for PDSCH
· DL Cat 4 LBT (Channel Access Priority Class 3)

To support consecutive transmission between data bursts, it is assumed that time gap for CCA (TX gap) is applied at the end of DL or UL transmission burst (TX bursts) as in Figure 1. Simulation assumptions on traffic model and deployment scenario for DL and UL transmission are based on [3] and packet arrival rate is adjusted to achive buffer occupancy of 20%, 40%, and 60% in WiFi only scenario (i.e., low load/medium load/high load). Other parameters can be found in Appendix A.
Figure 1. TX gap for DL or UL TX burst
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2.2. Cross carrier scheduling case
2.2.1. LBT for PUSCH
In this section, we provide coexistence performance of LAA and WiFi in indoor scenario with cross-carrier scheduling when the following LBT options are applied for PUSCH transmission.
LBT for PUSCH
· Option 1: DL Cat. 4 LBT (Channel Access Priority Class 3) + 3 symbols TX gap

· Option 2: DL Cat. 4 LBT (Channel Access Priority Class 3) + 1 symbol TX gap

· Option 3: Cat. 4 LBT with CW size of 3
As depicted in Figure 2, applying Cat 4 LBT with small CW size (e.g., shorten Cat 4 LBT) for PUSCH transmission can significantly increase LAA UL performance while performance degradation of LAA DL and WiFi is very small. This is because shortened Cat. 4 LBT can guarantee the fair co-existence between LAA and WiFi while increasing time duration for PUSCH transmission with reduced TX gap. It can be also seen that it would be better for LAA to set a TX gap larger than minimum CW size of Cat 4 LBT when DL Cat 4 LBT is applied for PUSCH transmission. In our perspective, it seems that all three options can guarantee both of fair co-existence and competitive LAA UL performance compared to WiFi.
Figure 2. Cross-carrier scheduling: LBT for PUSCH
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Observation #1: For cross-carrier scheduling case, the following options are acceptable in terms of co-existence performance and LAA UL performance.
· Option 1: DL Cat. 4 LBT (Channel Access Priority Class 3) + 3 symbols TX gap

· Option 2: DL Cat. 4 LBT (Channel Access Priority Class 3) + 1 symbol TX gap

· Option 3: Cat. 4 LBT with CW size of 3
2.3. Self-carrier scheduling case

For the evaluation for self-carrier scheduling case, multi-SF scheduling is assumed. Specifically, if UL grant is transmitted with PDSCH, UL grant at n-th subframe schedules PUSCH transmission at (n+k)-th subframe and if UL grant is transmitted without PDSCH, it schedules PUSCH transmission on k subframes starting at (n+k+2)-th subframe as shown in Figure 3. The value of k is set to 8 for 8 ms MCOT.

Figure 3. Multi-SF scheduling
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2.3.1. LBT for UL grant
In this section, we provide coexistence performance of LAA and WiFi in indoor scenario with self-carrier scheduling when the following LBT options are applied for PUSCH and UL grant transmission.

LBT for PUSCH
· Cat. 4 LBT with fixed CW size of 3
LBT for UL grant

· Option 1: DL Cat. 4 LBT (Channel Access Priority Class 3)

· Option 2: Cat. 4 LBT with CW size of 3
· Option 3: Single CCA slot (i.e., 25us) based LBT

For option 3, single CCA slot based LBT is only performed just before PUSCH transmission.
Figure 4. Self- carrier scheduling: LBT for UL grant
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Figure 4 shows that single CCA slot based LBT is beneficial for both of LAA and WiFi. For example, when single CCA slot based LBT (option 3) is adopted for UL grant transmission, the DL and UL performance of LAA and WiFi increase by more than 20% compared to those with DL Cat 4 LBT (option 1) for UL grant in high load case. This is because UL grant transmission with single CCA slot based LBT can increase the opportunity of sharing frequency resource with other UL grants (i.e., frequency reuse). By doing this, it can lessen channel congestion in unlicensed band and thus helpful for both of LAA and WiFi.
Observation #2: For self-carrier scheduling case, single CCA slot based LBT for UL grant is beneficial for both of LAA and WiFi performance.

2.3.2. LBT for PUSCH
In this section, we provide coexistence performance of LAA and WiFi in indoor scenario with self-carrier scheduling when the following LBT options are applied for PUSCH and UL grant transmission.

LBT for PUSCH
· Option 1: Cat. 4 LBT with CW size of 3
· Option 2: Cat. 4 LBT with CW sizes of {3, 7}

· Option 3: Cat. 4 LBT with CW sizes of {3, 7, 15}

LBT for UL grant

· Single CCA slot (i.e., 25us) based LBT

It should be noted that when LBT for PUSCH has multiple CW sizes, CW size is adapted based on PUSCH decoding result similar to DL LBT. In Figure 5, it can be seen that adaptation of CW size in LBT for PUSCH only marginally improves DL and UL performance of LAA and WiFi.
Figure 5. Self- carrier scheduling: LBT for PUSCH
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Observation #3: For self-carrier scheduling case, CW size adaptation has marginal impact on DL and UL performance of LAA and WiFi.
2.3.3. TX gap for UL to DL switching
In this section, we provide coexistence performance of LAA and WiFi in indoor scenario with self-carrier scheduling when the following LBT options are applied for PUSCH and UL grant transmission.

LBT for PUSCH
· Option 1: Cat. 4 LBT with CW size of 4 + 1 symbol TX gap for UL to DL switching

· Option 2: Cat. 4 LBT with CW size of 4 + No TX gap for UL to DL switching

LBT for UL grant

· Single CCA slot (i.e., 25us) based LBT

Figure 6. Self- carrier scheduling: TX gap for UL to DL switching
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As shown in Figure 6, LAA UL performance can be significantly degraded if there is no TX gap for UL to DL switching. For example, LAA UL performance can decrease by about 25 % without TX gap for UL to DL switching in high load case. One of the main reasons is because a single blank subframe is needed before transmission of UL grant if there is no TX gap for UL to DL switching as depicted in Figure 7.
Figure 7. Multi-SF scheduling with/without TX gap for UL to DL switching
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Observation #4: For self-carrier scheduling case, TX gap for UL to DL switching is necessary for LAA UL performance.

2.3.4. UL timing
In this section, we provide coexistence performance of LAA and WiFi in indoor scenario with self-carrier scheduling when the following LBT options and UL timing in Figure 8 are applied for PUSCH and UL grant transmission.
LBT for PUSCH
· Option 1: Cat. 4 LBT with CW size of 4 + UL timing following Figure 8-(a)

· Option 2: Cat. 4 LBT with CW size of 4 + UL timing following Figure 8-(b)

LBT for UL grant

· Single CCA slot (i.e., 25us) based LBT
In this evaluation, we investigate potential gain when fast UL timing is introduced for PUSCH transmission.
Figure 8. Multi-SF scheduling with fast UL timing
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(b)
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Figure 9. Self- carrier scheduling: UL timing

[image: image14]

[image: image15]
Figure 9 shows that fast UL timing can significantly improve LAA UL performance. This is because fast UL timing can reduce PUSCH dropping due to LBT fail and wasted channel resource for redundant UL grant transmission is reduced.

Observation #5: For self-carrier scheduling case, fast UL timing can significantly improve LAA UL performance.
3. Conclusion
In this contribution, we provided coexistence performance of DL/UL in indoor scenario for cross carrier scheduling and self-carrier scheduling with multiple LBT options for PUSCH and UL grant transmission and the following observations were made.
Observation #1: For cross-carrier scheduling case, the following options are acceptable in terms of co-existence performance and LAA UL performance.
· Option 1: DL Cat. 4 LBT (Channel Access Priority Class 3) + 3 symbols TX gap

· Option 2: DL Cat. 4 LBT (Channel Access Priority Class 3) + 1 symbol TX gap

· Option 3: Cat. 4 LBT with CW size of 3

Observation #2: For self-carrier scheduling case, single CCA slot based LBT for UL grant is beneficial for both of LAA and WiFi performance.

Observation #3: For self-carrier scheduling case, CW size adaptation has marginal impact on DL and UL performance of LAA and WiFi.
Observation #4: For self-carrier scheduling case, TX gap for UL to DL switching is necessary for LAA UL performance.

Observation #5: For self-carrier scheduling case, fast UL timing can significantly improve LAA UL performance.
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Appendix A: Simulation Parameters and Assumptions
	
	LAA
	WiFi

	Number of carriers
	1

	Antenna configuration
	1Tx2Rx

	CCA threshold
	-72 dBm (20MHz)
	-62 dBm for CCA-ED

-82 dBm for CCA-CS

	CCA slot length
	Defer period: 40 us
CCA slot: 8 us
	8 us

	TX burst length
	8 ms
	8 ms

	MCS
	Exclude 256 QAM

	RTS/CTS
	Not modelled

	HARQ
	Asynchronous HARQ

	Rate control
	Closed loop
	Open loop
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