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1.  Introduction

LAA study item has been agreed and the work has been already started. In the RAN2#89 meeting, LAA impact on DRX were discussed as part of ‘Rel.13 related to Licensed-Assisted Access using LTE’ agenda item. In [2] we covered briefly how DRX could work with LAA and what would be the potential problems. 
In this paper we analyze more thoroughly the behaviour of DRX with LAA and propose a way forward.
2.  DRX and LAA
DRX related agreements from the previous meeting [1] are listed below:
	Agreements
1
As a baseline use existing CA functionalities for LAA
7
Common DRX is used for LAA if it does not result in a need for very short DRX cycles/very long Active times. 




In CA, the same DRX operation applies to all configured and activated serving cells (i.e. identical active time for PDCCH monitoring). In other words, UE monitors all the component carriers in the same TTIs. When the UE is scheduled on any component carrier, drxInactivityTimer is started and that applies to all component carriers. So in other words there is a common DRX applied to all the CCs. LAA is CA based, i.e. licensed band CCs and un-licensed band CCs are served by the same eNB. Thus the common DRX currently used in CA could be seen as the baseline here, as it is already specified for CA.
However, the difference to CA is that due to Listen-Before-Talk (LBT) there is no guarantee that the channel is obtained for scheduling the UE exactly when desired by the eNB. First the eNB shall do the clear channel assessment (CCA and subsequently possibly ECCA) on LAA SCell. And only if that succeeds the eNB can start transmitting. The problem with DRX is that the eNB may not be able to get the channel during UE's DRX on-duration. This can cause significant delay if the eNB waits until the next DRX cycle [5]. And even if CCA succeeds, channel can be kept busy only a limited time due to LBT requirements. Thus, the DRX configuration should probably not be very strict for the LAA cells. This means that the DRX timers (on-duration, inactivity timer) should be long enough and the DRX cycle should be short enough to allow more time for getting access to the channel. 
So in case DRX timers are not long, scheduling of UE may not be successful during the active time and therefore UE will go to DRX sleep before eNB has managed to successfully get access to the channel. This problem is illustrated in Figure 1.
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Figure 1 Illustration of LBT + DRX problem
In case common DRX is used, one main problem that arises is that these longer active times due to LAA SCells would be applied unnecesarily also on licensed carriers. This may not allow enough power saving opportunity for the UE in licensed band cells. 
Furthermore, the traffic activity could be different in different carriers, especially if we have also LAA UL.
In the last meeting it was agreed that common DRX is used for LAA unless it results in a need for very short DRX cycles/very long Active times. In this paper we will investigate using system simulations whether this is the case, i.e. what kind of DRX configuration is needed so that LAA can operate properly without DRX hindering the performance.

3. Performance analysis of applying DRX in LAA cells

3.1 Simulation assumptions
In this section we present system simulation results showing the impact of DRX on LAA cells, i.e. in the presence of LBT. The simulations are run in the two operator indoor scenario as given in [3]. The scenario is illustrated in Figure 2 . 
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Figure 2 Illustration of indoor scenario, as defined in [3]
In the simulations both operators are on the same frequency and they are deploying LAA cells. Therefore, the eNBs (LAA access points) need to apply LBT in order to get the channel. LBT is done for DL, under the form of Load Based Equipment (LBE), option B [5], where q = 24. 
In our results we use load generation such that we have mean packet arrival rate of 0.2 packets/UE/s, but the total number of UEs is varied (i.e. 20, 40, 60) to generate varying network load conditions (with 60 UEs being close to the maximum capacity). In addition, different DRX configurations are simulated to assess the impact of DRX to the LBT having the DRX configurations varying from aggressive to conservative. DRX cycle length was varied from 80 to 320 ms, on-duration was 10 or 50 ms, and inactivity timer 10 or 50 ms. No short cycle is configured. As a reference there was the‘DRX off’ case, where UEs were not configured with DRX. That should give the best performance, but also compromise the UE power consumption. More parameters and simulation scenario details are given in Annex A and Annex B.
3.2 System level results 
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Figure 3 Median packet throughput, for OnD = 10 ms,  IT = 10 ms
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Figure 4 Median packet throughput, for OnD = 50 ms,  IT = 50 ms

	[image: image5.png]Power consumption [%)]

Average UE radio power consumption percentage of DRX disabled

100 ‘ : ;
I ( NrOfUES:20)
90t [ (NrOfUEs:40) |
I ( \rOfUES0)
80 8
700 ~ .
40 ~ .

80 160 320
DRXCycle




Figure 5 Power consumption, for OnD = 10 ms,          IT = 10 ms
	[image: image6.png]Power consumption [%)]

Average UE radio power consumption percentage of DRX disabled

100 ‘ : ;
I ( NrOfUES:20)
90 [ (NrOfUEs:40) |
I ( \rOfUES0)

80 160 320
DRXCycle




Figure 6 Power consumption, for OnD = 50 ms,          IT = 50 ms

	
	


Results in Figure 3 and Figure 4 show the UE packet throughput as a function of network load for different DRX configurations. Figure 5 and Figure 6 show the relative UE mean power consumption in for the corresponding cases.

The best performance in terms of the UE throughput is obtained in the DRX off case. The results indicate that when the DRX opportunity is increased (longer DRX cycle or shorter on-duration), the UE throughput drops significantly. With 80 ms DRX cycle and 10 ms on-duration the throughput is over 40% less than without DRX. On the other hand, increasing the Active Time (onDuration is 50ms, drxInactivityTimer is 50 ms), even though the throughput gets closer to the performance of DRX off, the power consumption is increased quite much and seems not an attractive solution.
Observation 1: DRX can drop the LAA user throughput significantly, unless relatively long active times are used.
Observation 2: Because of the long active times needed, using DRX with LAA doesn't allow too much UE power saving, if we want to obtain good throughput performance.
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	Figure 7 Missed Tx opportunities due to DRX, having OnD = 10ms, IT = 10ms
	Figure 8 Missed Tx opportunities due to DRX, having OnD = 50ms, IT = 50ms


Figure 7 and Figure 8 show the missed Tx opportunities due to DRX. This statistic tells us of the missed Tx opportunities due to UE being in DRX sleep after CCA has succeeded. In this case the LAA cell is not able to schedule UE as it is not monitoring PDCCH and thus the transmission opportunity is missed. From the results it can be observed that increasing the active times (more conservative DRX configuration), fewer opportunities are missed.
Observation 3: With aggressive DRX configuration, there are many lost Tx opportunities, which explains the throughput loss.

Observation 4: DRX off in small cells provides the best result in terms of UE throughput but comes with a high cost in power consumption. Number of carriers monitored without DRX should be minimized.
4. Discussion 
As shown in section 3, DRX off seems to make more sense in LAA cells. Together with the agreements that as a baseline the existing CA functionalities should be used for LAA, one way forward could be as follows:

Common DRX is applied in all serving cells as agreed (Active Time is the same in all serving cells). In addtion to that, UE should monitor PDCCH in LAA SCells more frequently, preferably continuously. Aggressive activation/deactivation should be used as the power saving mechanism for LAA SCells and therefore, for instance, a shorter deactivation timer could be specified for LAA SCells.

This would allow using reasonable DRX settings in licenced cells, especially in PCell, during no data periods. LAA SCells would be activated only when needed and UE would monitor them continuously to allow efficient use of LBT.

Since DRX settings would affect also UE synchronisation, PUCCH power control, etc., the selected DRX/power saving scheme has implications to RAN1 and RAN4 specs. An LS should be sent to RAN1 and RAN4.
Proposal 1: Activation/deactivation should be the main power saving mechanism for LAA SCells.

Proposal 2: RAN2 should study whether in addition to common DRX, UE could monitor PDCCH/EPDCCH on LAA SCells more frequently, preferably continuously.

Proposal 3: RAN2 should study more aggressive activation/deactivation mechanisms for LAA SCells.

Proposal 4: Send an LS to RAN1 and RAN4 to inform the RAN2 agreements on DRX and power saving.
5. Conclusion

In this contribution we have discussed the behaviour of DRX with LAA and proposed the following:
Observation 1: DRX can drop the LAA user throughput significantly, unless relatively long active times are used.

Observation 2: Because of the long active times needed, using DRX with LAA doesn't allow too much UE power saving, if we want to obtain good throughput performance.

Observation 3: With aggressive DRX configuration, there are many lost Tx opportunities, which explains the throughput loss.
Observation 4: DRX off in small cells provides the best result in terms of UE throughput but comes with a high cost in power consumption. Number of carriers monitored without DRX should be minimized.
Proposal 1: Activation/deactivation should be the main power saving mechanism for LAA SCells.

Proposal 2: RAN2 should study whether in addition to common DRX, UE could monitor PDCCH on LAA SCells more frequently, preferably continuously.

Proposal 3: RAN2 should study more aggressive activation/deactivation mechanisms for LAA SCells
Proposal 4: Send an LS to RAN1 and RAN4 to inform the RAN2 agreements on DRX and power saving.
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A Simulation setup

The UE power consumption model was similar to the one presented in [4].  Table 1 presents the UE power consumption relative to the case of PDSCH data reception. 

Table 1 UE power consumption

	UE receiver activity
	Power consumption relative to PDSCH data reception

	PDSCH reception
	100%

	PDCCH monitoring/measurement
	100%

	Light sleep
	30%

	Deep sleep
	3%


Moreover, we have assumed that power consumption of just receiving PDCCH and/or performing measurements consumes 100% of the power of receiving also data on PDSCH. The power consumption during warm up and cool down before and after activity is taken into account as well and it is assumed about 30 % of the power consumption during the active reception (PDCCH and PDSCH). We have assumed this to take 10 ms before and after active period e.g. on duration. The performance evaluation is done for bursty type of traffic FTP model 3 according to [3]. 
Appendix B Simulation parameters

	Feature/Parameter
	
	Value/Description

	DRX for small cells 
	DRX cycle 

onDuration

inactivity timer

ShortDRXcycle

Shortcycle timer
	Variable: 80,160, 320 ms
10 ms, 50 ms
10 ms, 50 ms
none
none

	Traffic parameters
	FTP model 3, packet size 0.5MB
	See reference [3]

	Simulated bandwidth
	
	20MHz

	Carrier frequency
	
	5 GHz

	LTE traffic
	Downlink (100%)
	

	User mobility
	Static
	Fast fading velocity 3km/h

	Duplexing
	
	FDD

	Simulated scenario
	ITU Indoor hotspot [3]
	4 Access Points/operator

	Operators
	
	2, on same frequency

	eNB/AP Tx power 
	Small cell
	23 dBm (Antenna gain 0 dBi)

	UE/STA Tx power
	
	18 dBm (Antenna gain 0 dBi)

	Propagation model
	ITU InH (Table B.1.2.1.-1 in [6])
	

	Slow fading
	ITU InH (Table A.2.1.1.5-1 in [6])
	

	Receiver diversity
	
	1x2 MRC

	Modulation
	QPSK, 16QAM, 64QAM
	

	Cell selection measurement
	RSRP
	

	UE measurement interval
	50 ms
	

	UE measurement averaging
	200ms
	

	DL scheduler
	TD: PF; FD: PF
	

	PDCCH
	Ideal (always received)
	

	CCA-ED 
	LBT threshold
	-62 dBm

	Active symbols during muted/backoff TTIs
	
	None

	Listend nodes in LBT
	
	All WLAN & LTE nodes

	LBT measurement symbol
	
	All symbols

	LBE
	DL only
	

	q
	
	24 (with LAA CCA 0.48ms,TXOP 9.75ms)
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