Page 4
Draft prETS 300 ???: Month YYYY
[bookmark: OLE_LINK2][bookmark: OLE_LINK1]3GPP TSG RAN WG1 Meeting #90	R1-1713307
Prague 21th – 25th August 2017

Source: 	Ericsson
[bookmark: Title]Title:	On the benefits and support of autonomous UL access for LAA
Agenda Item:	5.2.2.3
Document for:	Discussion and Decision
[bookmark: _Toc458153810][bookmark: _Ref298777854]Introduction
A work item on enhancements to LTE operation in unlicensed spectrum [1] was agreed in RAN #75 meeting to further enhance the LAA performance in Rel-15. One objective of the work item is 
· (Starting in RAN1#90): Study, and specify if needed, support for autonomous uplink access with Frame Structure type 3 considering solutions from the L2 latency reduction work item [RAN1, RAN2, RAN4]
[bookmark: _Toc458153811]In this contribution, we provide our views on the benefits and support autonomous uplink access on LAA SCells.
Discussion
UL LAA follows the same concept as in scheduled UL LTE in combination with LBT on unlicensed bands and other regional spectrum regulations. UL LTE was primarily designed for operation in licensed carrier where eNB is in full control of the frequency/time resources. For the UE to perform UL transmission, it should first request resources from the eNB via scheduling request (SR). UE has periodic timeslots for SR transmissions (typically on a 5, 10, or 20 ms interval). After receiving the SR, the eNB prepares UL grant for certain subframe(s) to the UE. Hardware limitation impose a minimum time for the UE to receive the grant, process it, and encode the UL packet to be transmitted. Given this constraint, the grant refers to an UL burst that can occurs minimum 3 or 4ms later. Finally, the UE can transmit in the granted subframe(s). In many situations, the overhead in terms of control signaling on the (E)PDCCH is well motivated and relatively small compared to the payload on DL-SCH/UL-SCH. 
[bookmark: _GoBack]On unlicensed channel, the situation is different. Each of those transmissions that precede the actual UL transmission required a successful LBT procedure. eNB needs to acquire the channel by means of LBT before the granted transmission and the UE may need to also acquire the channel for UL data transmission by means of a second LBT. With LBT operation, the channel access is non-deterministic and depends upon the availability of the channel as well as the state of the back-off mechanism. In case a UE has received a grant for an uplink transmission, but fails the LBT associated with this transmission, it must discard the granted transmission and try again in the next granted subframe. The eNB will later detect that the expected transmission failed and re-grant the same data. Therefore, eLAA suffers from inefficiency in terms of: First, potentially leaving the channel unused, Second, increased overhead for sending grants on unlicensed channel. Third, increased delay to get data packets transferred over the uplink. Those factors make it challenging to maintain good performance.
UL latency can be lower by reducing the control signalling related to scheduling that precede every UL transmission.
In the following, we provide system performance evaluation results of LAA based on: 
· Autonomous UL LAA based on semi persistent scheduling (SPS) framework. further details about achieving AUL using SPS is discussed in our companion contribution [2]
· Multi subframe self-scheduling (“SC”)
For autonomous UL, the UE is configured with 1 ms SPS periodicity and allowed to transmit with full bandwidth. Besides, the UE needs to acquire the channel by means of CAT 4 LBT before UL data transmission. Similar to the scheduled UL transmission, the latest possible start of the UL data transmission is limited to the start of the second OFDM symbol. 
Using the same coexistence methodology and assumptions from [3] however only one operator is considered. The indoor scenario is simulated where one operator deploys 4 small cells each in the single-floor building sharing one unlicensed channel 20 MHz. the network has both DL and UL traffic with a 50/50 split. 20 UE per AP/eNB are considered in the evaluations. In the first step, operator A uses LAA with multi-subframe scheduling. In second step, scheduled UL UEs are replaced with autonomous UL UEs. Finally, the licensed PCell carrier is not used in the LAA network. In this contribution, we only focus on the performance difference between scheduled and non-scheduled LAA UL access. The performance of LAA using either configurations is illustrated in Figure 1. 
According to Figure 1, at low load conditions, when latency matters the most, autonomous UL can boost the UL performance by >25%. That is mainly due to less control signaling overhead as compared to scheduled mode that is heavily limited by the large SR and grant overhead and delays. With autonomous UL, eNB can simply schedule the same subframe to multiple users and let them contend to win the subframe. This appears to be efficient at low load where the probability of having multiple UEs contending for access to channel is low.
However, at high load conditions, when large number of nodes would have to contend in order to access the medium, it is not optimal to use such schemes as it may potentially lead to increased number of collisions. The contending intra-cell UEs cause intra-cell collisions and thus increase the unsuccessful transmission as compared to the eNB fully controlled scheduled transmission with 0% intra-cell collisions. The UEs will not only compete with each other, but also compete with eNB which will result in a negative impact on the DL performance. On the contrary, scheduled mode benefits from limiting the number of contenting nodes to only one node per cell. As shown in Figure 2, scheduled UL has significantly lower unsuccessful transmission ratio as compared to autonomous UL schemes. The lower collision rate translates to better UL throughput at high load. 

· Autonomous UL LAA performs significantly better than scheduled UL at low load due to the reduced signaling overhead 
· At high load, eNB scheduled UL access provides better performance than autonomous UL due to the lower collision rate. 

Autonomous UL access is supported for LAA SCell.

 
Figure 1: The UL mean (left) and DL mean (right) user throughput vs. served traffic per operator per AP/eNB for FTP traffic of LAA networks configured with autonomous UL or scheduled UL
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Figure 2: Unsuccessful transmission ratio in unlicensed band

Based on the above observations, the eNB needs to decide when to use each of the access schemes or mix them. Optimally, AUL should be allowed at low load scenarios, and to avoid scheduling request delays. For instance, the autonomous UL is activated for all UEs. Thereby, when UL data arrives, the UE can start transmission immediately after a successful LBT. Afterwards, the eNB can dynamically switch the UE to scheduled mode. further details about configuring and activation/deactivation of AUL is discussed in our companion contribution [2].
Furthermore, it is essential that the usage of autonomous uplink preserves fair and friendly coexistence with Wi-Fi. In our companion contribution [4], we show that AUL coexist fairly with coexisting Wi-Fi network. 

[bookmark: _Toc458153812]Conclusion
In this contribution we compare the performance of scheduled and autonomous UL LAA. Based on the evaluation results and further analysis we made the following observations: 

Observations
· UL latency can be lower by reducing the control signalling related to scheduling that precede every UL transmission.
· Autonomous UL LAA performs significantly better than scheduled UL at low load due to the reduced signaling overhead 
· At high load, eNB scheduled UL access provides better performance than autonomous UL due to the lower collision rate. 

Proposals

· Autonomous UL access is supported for LAA SCell.
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Appendix
Additional Coexistence Evaluation Assumptions
The simulation assumptions are based on the agreed coexistence assumptions in [2] and we follow the Rel-13 agreements. However our preferences on the assumptions that remained optional or need clarifications when results are presented are provided below. In all the indoor coexistence evaluations, the transmit power of the base station in the unlicensed band is assumed to be 18 dBm per carrier. Moreover, FTP model 3 is used for generating FTP traffic. 

	Parameters
	Value

	PCI planning for each NW
	Planned 

	Antenna configuration	
	2Tx2Rx, Cross-polarized. 

	Transmission schemes
	Open loop 2x2 MIMO based on TM10, QPSK/16QAM/64QAM/256QAM

	Turbo code block interleaving depth
	Per LTE specs (1-14 LTE OFDM symbols dependent on MCS and PRB allocation)

	Scheduling
	Proportional fair

	Link adaptation
	Realistic

	CCA-ED (UL and DL)
	-72 dBm

	Cyclic Prefix
	Normal

	eNB contention window
	CWmin=15, CWmax=63

	CCA slot duration
	9 µs

	DL LBT parameters
	Rel-13 channel access priority class 3 However DL MCOT=6ms is assumed in evaluations.


	UL LBT parameters
	LAA UL LBT alternatives for self-carrier scheduling:
· within an eNB initiated MCOT: 25us 
· otherwise: priority class 3 
LAA UL LBT alternatives for autonomous UL:
· priority class 3


	UE contention window
	CWmin=15, CWmax=1023
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