3GPP TSG RAN WG1 Meeting #83                                                                                     R1-157260
Anaheim, USA, 16th - 20th November 2015
Source: 
Ericsson

Title:
Coexistence Performance of DL-only LAA Networks Using a Bandwidth of 80 MHz
Agenda Item:
6.2.3.1
Document for:
Discussion and Decision
1 Introduction
A large amount of spectrum is available in the 5 GHz unlicensed band. LAA can operate on channels wider than 20 MHz relying on the LTE CA frame work. In terms of LBT mechanisms for accessing multiple channels, an LAA network can adopt Wi-Fi like multi-channel LBT schemes with more flexibility thanks to the additional capabilities provided in LTE CA frame work. LAA multi-channel operation is extensively discussed in our companion contribution [1] where we demonstrated that LAA multi-channel transmission does not degrade performance of coexisting Wi-Fi networks.

This contribution focuses on the coexistence of the DL-only LAA networks in the 5 GHz unlicensed band for multi-channel transmissions. The coexistence evaluation results show that DL-only LAA networks fairly coexists in the unlicensed spectrum operating with multi-channel transmission similarly to the single channel operation as concluded by the study item [2]. 
2 LAA – LAA coexistence evaluations
In the following the multi-channel LAA LBT scheme as well as main coexistence simulation assumptions are presented where the coexistence methodology and relevant simulation assumptions during the study item [2] are adopted for the coexistence evaluation here as well:
LAA multi-channel LBT (based on Alternative 1-a in [4]):
· eNB performs Cat-4 based LBT on only one unlicensed carrier

· When the eNB completes LBT on a carrier, the eNB can sense other configured carriers for a period, e.g., PIFS (25 microseconds), immediately before the completion of LBT on the carrier.

· The eNB is allowed to transmit DL data burst(s) on the carriers sensed idle according to above procedure.
· Cat-4 based LBT channel is dynamically selected. The Wi-Fi channel bonding rule is not applied for channels with quick CCA i.e. quick CCA can be performed on any of the remaining carriers.

This method is very much aligned with Wi-Fi. Performing one full random backoff and quick CCA on others is a reasonable approach to adopt in LAA. However CA frame work allows transmissions on non-contiguous channels and hence imposing constrains and dependency between the channel with full random backoff and other channels with quick CCA becomes irrelevant. Moreover, it is up to eNB implementation how to design the system such that the multi-channel LBT scheme falls within Class A. One example is that the eNB can start the full-fledge random backoff on all the channels. The SCell that finishes the random backoff first is the one considered with the full-fledged random backoff. To determine whether any other channel is idle for duration of PIFS before intended transmission, the last slots of the random backoff procedure corresponding to other channels are taken into account and examined to be idle and the channels which are found to be idle are used for the transmission.

The coexistence methodology and relevant simulation assumptions during the study item are adopted here [2]. Two DL-only LAA operators deploy X=4 small cells each in the single-floor building sharing Y=4 unlicensed carrier, 20 MHz each. The FTP traffic is considered for DL transmission. 80 UEs per operator are considered in the evaluation. 

For class A LAA multi-channel LBT, contention window for each carrier is tracked separately based on the HARQ feedback for each carrier. The largest CW is used to draw a random counter to be used by all carriers. The LAA CCA-ED threshold is set to -72 dBm. 
More details on the simulation assumptions are provided in the Appendix, Annex A.
Figure 1 illustrates the mean and 5th percentile user throughput versus served traffic of two DL-LAA networks coexisting with each other in the indoor deployment where the FTP traffic is considered. The results clearly show that both networks provide comparable performance and hence can coexist in a fair manner with each other. Therefore we make the following conclusion:

Conclusion: 

· LAA networks using multi-channel transmissions on the unlicensed band can coexist well with each other.
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Figure 1: DL mean and 5th percentile user throughput vs. served traffic per operator per eNB for FTP traffic using 80 MHz bandwidth. Both LAA operator networks have only DL traffic. The licensed band PCell is not used for DL traffic in LAA networks.
3 Conclusions

This contribution addresses the coexistence of the DL-only LAA networks in the 5 GHz unlicensed band for multi-channel transmissions. Based on the coexistence evaluation results we observe that DL-only LAA networks fairly coexist in the unlicensed spectrum operating with multi-channel transmission similarly to the single channel operation as concluded by the study item [2] and consequently conclude the following:
Conclusion: 

· LAA networks using multi-channel transmissions on the unlicensed band can coexist well with each other.
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5 Appendix

Annex A: Additional Coexistence Evaluation Assumptions

The simulation assumptions are based on the agreed coexistence assumption in [2]. 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. Additionally, the LBT algorithm used for LAA is based on the recommended Category 4 LBT algorithm in [2].

Table 1: Additional LAA system evaluations assumptions

	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
	-72 dBm

	Cyclic Prefix
	Normal

	eNB contention window
	CWmin=15, CWmax=63

	CCA slot duration
	9 µs

	Defer period
	43 micro second including 3 CCA slots following 16 µs period


Annex B: Additional Coexistence Evaluation Results
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