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1
Introduction
During RAN2#83bis DRX for dual connectivity was discussed and the following working assumptions agreed:

1. Separate DRX configurations should be supported for MeNB and SeNB.

2. Separate DRX operations (timers and active time) should be allowed for MeNB and SeNB.

FFS if the eNBs coordination is needed for DRX configuration

In RAN2#84 coordination of DRX configuration for dual connectivity was discussed and the only outcome from the meeting was a statement: “From UE power consumption point of view, DRX coordination would be beneficial”. In this contribution we discuss the potential coordination between the eNBs both for DRX configuration and DRX operation. 
2
Discussion
From eNB implementation point of view it is simpler to have completely separate DRX functions in MeNB and SeNB. However, from UE power consumption point of view some coordination between eNBs is beneficial. Here we discuss separately the DRX configuration and DRX operation.
2.1 DRX configuration

If the DRX configurations in MeNB and SeNB are totally independent, the UE power saving opportunities may be very limited. Simulation results in Annex A clearly show that from UE power consumption point of view it would be beneficial to align the on durations of MeNB and SeNB as much as possible: significant power savings are achieved by the alignment.
Observation 1: To achieve efficient operation, the DRX OnDurations of MeNB and SeNB should be aligned as much as possible.

The aligning can be accomplished either as eNB implementation or by specifying some limitations. A simple limitation is that the DRX cycles of MeNB and SeNB should be multiples of each other. 
Proposal 1: Long DRX cycles of MeNB and SeNB should be multiples of each other.

Coordination of DRX configurations is simplest if MeNB and SeNB are synchronous, i.e., both SFN and subframes are synchronised. Then MeNB and SeNB can simply use the same DRX start offset. However, RAN1 has made a working assumption that both synchronous and non-synchronous deployments are supported with dual connectivity. With non-synchronous network, the DRX start offsets may not be the same since SFN and subframe numbers may not be the same in MeNB and SeNB. To achieve coordination of DRX configurations, the eNBs should then coordinate the DRX start offset such that OnDuration timers for aligned OnDurations are started almost simultaneously (e.g., within one subframe).
Proposal 2: DRX start offsets should be coordinated between MeNB and SeNB such that the aligned on durations are started (almost) simultaneously, e.g., within one subframe.
A simple way to coordinate the DRX configurations with non-synchronous networks is that MeNB sends its DRX configuration to SeNB when requesting SCG addition/modification together with the subframe offset between the MeNB and SeNB, and SeNB selects the SCG DRX configuration such that the DRX on durations are overlapping. The subframe offset between eNBs can be obtained either via backhaul or via the air-interface.
2.2 DRX operation

Due to non-ideal backhaul the DRX operation (i.e., timers and active time) of MeNB and SeNB would be difficult to align. In fact, from power consumption point of view, it is actually better that activity in one eNB does not start DRX inactivity timer in the other eNB if no data is being received/transmitted in that eNB.

There are, however, some cases where some coordination in DRX operation between MeNB and SeNB could be beneficial. One such case is a deployment where MeNB only carries SRB and all data is carried by SeNB (e.g., UP alternative 1A). Let’s assume that Long DRX cycle is configured to 160 ms and Short DRX cycle to 40 ms in both MeNB and SeNB. When data transmission in SeNB is active, then DRX inactivity timer and/or DRX short cycle timer is running in SeNB but UE is in Long DRX in MeNB. The measurement requirements follow DRX and therefore, the UE would be measuring the serving cell in MeNB according to Long DRX cycle even if the UE is active in SeNB. This could delay triggering of MeNB handover. Also, if SeNB (or MeNB) in this case would like to send an RRC reconfiguration message to the UE, that message would be delayed due to MeNB Long DRX.  
The above deployment was simulated and the results in Section A.2 show that mobility performance in this setup gets worse than macro cell mobility due to less frequent measurements in the MeNB. 
A simple solution to increase monitoring and measurements in MeNB is to configure a smaller value for the Long DRX cycle in MeNB. This is, however, not good from UE power consumption point of view since the UE would be frequently active in MeNB even when no data or control is being transferred between the UE and the network. This can clearly be seen in the results of Section A.2.
In order to save UE power while increasing the monitoring and the measurements in MeNB it might be beneficial to introduce some limited dependency between SeNB and MeNB DRX operations. Then the UE could be monitoring PDCCH more often in the MeNB while being active in SeNB and transmission of SRB would not be delayed. For instance, the short DRX cycle could also be applied to MeNB when UE is active in SeNB. And the mobility performance of dual connectivity would also be improved when the RRM measurements in MeNB would be performed more frequently. However, this would require more signalling over X2 to let MeNB know when the UE is active in SeNB.
Proposal 3: RAN2 to confirm the mobility problems due to SRB delay and RRM measurement delay when UE is active only in SeNB and in Long DRX in MeNB and discuss whether some dependency between DRX operations would be beneficial.
3
Conclusion

In this contribution we have discussed DRX for dual connectivity and propose the following:

Observation 1: To achieve efficient operation, DRX OnDurations of MeNB and SeNB should be aligned as much as possible.

Proposal 1: DRX cycles of MeNB and SeNB should be multiples of each other.

Proposal 2: DRX start offsets should be coordinated between MeNB and SeNB such that the aligned on durations are started (almost) simultaneously, e.g., within one subframe.

Proposal 3: RAN2 to confirm the mobility problems due to SRB delay and RRM measurement delay when UE is active only in SeNB and in Long DRX in MeNB and discuss whether some dependency between DRX operations would be beneficial.
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Annex A Performance analysis of DRX for dual connectivity
In this section we present system simulation results showing: a) impact of aligning DRX configuration in MCG and SCG on UE power consumption and b) assessment of UE mobility robustness with independent DRX in MCG and SCG. 
The simulations are run with a setup where macro cells are deployed on one frequency layer and small cells on another one, having macro coverage for the small cells. This setup is according to small cell scenario#2 in [2]. 
1A user plane architecture is assumed, which means that when dual connected, user data is served by SeNB. Only control signalling (SRB) is scheduled by MeNB. The performance of DRX with dual connectivity is evaluated with dynamic system level simulations. Both user power consumption and mobility performance is evaluated. For details of the simulation parameters, see Annex B.
The UE power consumption model was similar to the one presented in [1]. Table 1 presents the relative UE power consumption to the case of PDSCH data reception, for the case of single connectivity. 
Table 1 Relative UE power consumption for single connectivity
	UE receiver activity
	Power consumption relative to PDSCH data reception

	PDSCH reception
	100%

	PDCCH monitoring/measurement
	80%

	Light sleep
	30%

	Deep sleep
	3%


As in reference [1], we have assumed that in case UE is in dual connectivity, the power consumption of UE receiving from two eNBs simultaneously is 1.5 times of power consumption of receiving from a single eNB.

Moreover, we have assumed that power consumption of just receiving PDCCH and/or performing measurements consumes 80 % 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 to be 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 different traffic types: full buffer and FTP traffic consisting of 0.5 MByte files with on average 5 second reading time in between [3].
In the results, ‘common’ DRX  means that UE follows the same DRX in both eNBs (same as with carrier aggregation), i.e. has one DRX (this is used as reference case to compare what we could get with ideal backhaul), while for ‘Aligned’ and ‘Non-aligned’ cases represent the dual connectivity case, i.e. each eNBs have separate DRX timers. In case of ‘Aligned’, the MeNB and SeNB have drxStartOffset configured so that the on-durations start at the same time, while in the case of ‘Non-aligned’, the MeNB and SeNB have different random drxStartOffsets.
A.1 Results on DRX alignment

In this section we present performance analysis of UE power consumption, with and without aligned DRX (in MeNB and SeNB). The reference case is considered the non-aligned DRX option.
Figure 1 presents CDF of UE mean current for dual connectivity UEs, comparing non-aligned DRX vs. aligned DRX with three settings for DRX cycle length: 160ms, 320ms and 640ms. The results were simulated with bursty FTP traffic [3] and 3km/h.
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Figure 1 Aligned DRX vs. non-aligned DRX with different DRX configurations with FTP bursty traffic

From the results it can be observed that in case of bursty FTP traffic as shown in Figure 1, DRX alignment between MeNB and SeNB is very beneficial from UE power consumption point of view. This effect is seen regardless of the length of the DRX cycle. With longer DRX cycle the benefit from alignment is not as significant due to the more sparse UE active time, but yet there is a positive impact on UE power consumption. 
A.2 Results on UE mobility robustness
In this section we analyse UE mobility robustness. The main reason for potential mobility robustness problems is that if UE is mainly served in SeNB (1A U-plane architecture), the independently operating DRX in MeNB can have long sleep periods and UE thus may measure MeNB rather infrequently even though is actively scheduled in SeNB.
Thus the performance evaluation is done for two reference cases: 1) ‘Common’ DRX that is the DRX operation currently existing (e.g. in CA) and 2) ‘Aligned’ DRX that is the case when we have independent DRX operation but DRX on durations are aligned in MeNB and SeNB. The 3rd case, named ‘Common shortDRX’ represents the case where UE applies short DRX cycle in both MCG and SCG whenever the UE is active in SeNB. In this case, UE will perform more frequent measurements when it is active in either MeNB or SeNB.
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Figure 2 Comparison of handover failure rate between independent DRX (=‘Aligned’) and common DRX vs. ‘Common shortDRX’, with full buffer 
It can be observed from Figure 2 that there is around 50 % drop in handover failures for 160 ms DRX cycle, 65 % drop for 320 ms and 80 % drop for 640 ms DRX cycle respectively by having short DRX in MeNB, when SeNB is active. The HOF rates with short DRX configured in MeNB are very close to HOF rates for the case without DRX. In fact, the performance is very close to the ideal common DRX case. 
On the other hand, the impact on UE power consumption due to increased measurements with the common short DRX can be seen in Figure 3. The increase in UE power consumption between the cases is small, below 1 % on average. 
[image: image3.png]Mean Current CDF ( Speed:30)

0.9r

0.7F

08F

04r

0.3F

01F

110

130 140 150 160
Current [mA]

= DRXConf.Aligned DRXCycle:160
——— DRXConf:Common shortDRX DRXCycle:160
= DRXConf:Aligned DRXCycle:320
= DRXConf:Common shotDRX DRXCycle:320
DRXConf:Aligned DRXCycle:640
DRXConf:Common shortDRX DRXCycle:640

170

180




Figure 3 Power consumption of additional measurements (‘Common shortDRX’) vs independent DRX of MeNB and SeNB (‘Aligned DRX’) with full buffer traffic
A simple solution to increase measurements in MeNB is to configure a smaller value for the Long DRX cycle in MeNB. This is, however, not good from UE power consumption point of view since the UE would be frequently active in MeNB even when no data or control is being transferred between the UE and the network. Figure 4 below shows the power consumption of 80ms long DRX cycle in MeNB and the power consumtion of Common shortDRX where UE applies short DRX cycle in both MCG and SCG whenever the UE is active in SeNB. For SeNB, Long DRX cycle is 320 ms and Short DRX cycle is 40 ms. It can be observed that the power consumption using 80 ms DRX cycle in MeNB (to get similar mobility robustness) consumes around 40% more power in UE.
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Figure 4 Effect on power consumption: Comparing the case where MeNB has 80ms DRX cycle and SeNB has 320ms DRX cycle vs. 320 ms DRX in both MeNB and SeNB with Common Short DRX with bursty FTP traffic.
Annex B: Simulation parameters for DRX for dual connectivity
	Feature/Parameter
	
	Value/Description

	DRX for MeNB and SeNB in dual connectivity
	DRX cycle 

onDuration

inactivity timer

ShortDRXcycle

Shortcycle timer
	Variable: 160, 320, 640 ms
5 ms

10 ms

40 ms

160 ms

	Traffic parameters
	Full Buffer, FTP model 2 
	See reference [3]

	Bandwidth
	
	10 MHz + 10 MHz

	Scell events
	Addition, A4 RSRQ -16 dB
Remove, A2 RSRQ -19 dB
Change, A6 RSRP offset 3 dB
	

	Intra-frequency HO (Pcell event)
	A3 RSRP 

TTT
	3dB
256 ms

	Duplexing
	
	FDD

	3GPP Macro Cell Scenario
	Cell layout
	21 sectors/7 BSs

	
	Inter site distance (ISD)
	500 m

	Small cell layout [4]
	Cluster distance to macro
	Minimum 105 m

	
	Distance between clusters
	Minimum 100 m

	
	Distance between small cells
	Minimum 20 m

	
	Cluster radius
	50 m

	
	Cluster location
	Random

	
	Clusters/macro cell
	1

	
	Picos/cluster
	4 

	Macro-small cell deployment type
	
	Inter-frequency (Scenario 2)

	Distance-dependent path loss
	Macro cell model ([3], Model 1)
	128.1 + 37.6log10(r)

	
	Small cell model ([3], Model 1)
	140.7 + 36.7log10(r)

	BS Tx power
	Macro

Small cell
	46 dBm

30 dBm

	Shadowing standard deviation
	Macro

Small cell
	8 dB

10 dB

	Shadowing correlation between cells/sectors
	
	0.5 / 1.0

	Shadowing correlation distance
	Macro

Small cell
	50 m

13 m

	Multipath delay profile
	
	Typical Urban

	UE speed
	
	3, 30 km/h

	Measurements (RSRQ, RSRP)
	L1 measurement cycle
L1 measurement period
Measurement bandwidth

Measurement error standard deviation

L1 sliding window size

L3 filtering
	40 ms or DRX cycle
200 ms or 5*DRX cycle
6 RBs

2 dB

5

Enabled, K= 4

	Handover preparation time
	
	50 ms

	Handover execution time
	
	40 ms

	Radio link failure monitoring
	Qout threshold

Qin threshold

T310
	-8 dB

-6 dB

1000 ms

	Receiver diversity
	
	1x2 MRC


