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1. Introduction
During the RAN4 meeting in Rio de Janeiro enhancements for dual connectivity was discussed for the first time. Part of the discussion in RAN4 was targeting RRM Connected mode measurement requirements for Dual Connectivity addressing following from the WI:

Enhancement of intra-frequency/inter-frequency/inter-RAT measurement requirements in DRX (RAN4).
Background for the discussion were earlier RAN4 discussions related to DC measurements and mobility – e.g. during the RAN4 meeting in Singapore and the following RAN4 email discussion. One of the questions discussed was intra-frequency measurements when DRX is used and when DRX is not used.

In [2, 6] we discussed further the mobility robustness for dual connectivity, which is currently based on PCell mobility, with the additional aspect of UE power saving opportunities. In this paper we continue the discussion expanding on the potential power saving benefits.

Based on the discussion we propose to improve the Dual Connectivity mobility robustness by introducing network controlled additional measurement on PCell based on PSCell activity.
2. Discussion
Baseline agreement for Rel-12 RRM measurement core requirements for DC is that CG measurement requirements shall be based on the intra-frequency measurement requirements of the CG. In 36.133 the UE intra-frequency measurement performance requirements depends on the DRX in use. For DC this means that there can be situations where the measurements performed by the UE are different in the CGs depending on the current state of the DRX in the CG. 
As known the mobility in DC is based on PCell and therefore ensuring robust PCell mobility is important. At the same time it is important also to preserve UE power whenever feasible – i.e. allow for UE power savings possibilities whenever possible. In the next sections we analyze one proposal which can improve PCell mobility while considering the UE power savings possibilities.
In DC mobility is on PCell and it is important to remember that if RLF occurs in PCell this triggers release of MCG and SCG.

System level results

One proposal for reaching a solution enabling mobility robustness in DC while ensuring UE power savings options, was presented in [6]. Basic proposal is to have frequent measurements in PCell when the UE is scheduled in either PCell or PSCell. 

At the same time the PSCell measurement requirements would be unaffected by changes in the PCell scheduling - i.e. DRX.
I.e. the UE measurement requirements in PCell would follow PCell measurement requirements and in addition follow the PSCell measurement requirements when UE is scheduled in PSCell.
This would lead to UE having more accurate measurements on PCell to ensure timely HO, although UE is only scheduled on PSCell. Such an approach would reduce the risk of having a longer measurement delay in PCell due to PCell DRX, delaying the measurements and reporting and thereby a possible HO. A delay in HO could increase the risk of RLF in PCell while PSCell is active.

The basic principle is illustrated in Figure 1:
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Figure 1
In next section we have evaluated the proposal and its impact on mobility and UE power consumption.
System level results
Appendix A explains the detailed setup of the simulation used. The power consumption model is the same as proposed in [7]. In the discussion, we use following terminology:
· ‘Independent DRX’ DRX operation according to Rel-12.
· ‘Independent DRX, with add-meas’ represents the solution presented in section 2.1. UE performs measurements every 40 ms in PCell whenever the UE is active in PSCell.
In Figure 1 we present the results when comparing handover failure rates occurring when applying ‘independent DRX’ and when applying ‘Independent DRX with add-meas’. It is seen, that there is almost a 50 % drop in the handover failures for 160 ms DRX cycle, 65 % drop for 320 ms and 80 % drop for 640 ms DRX cycle, respectively. The HOF rates with additional measurements in PCell are – as expected - very close to HOF rates for the case without DRX.
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Figure 2 Comparison of handover failure rate between independent DRX (=‘Independent DRX’) and ‘Independent DRX, with add-meas’, with full buffer
In Table 1 the relative increase in terms of HO failure rates when applying the Rel-12 ‘independent DRX’ compared to applying the proposed ‘independent DRX with add-meas’ in PCell when PSCell is active.
Table 1 Handover failure rate relative to ‘Independent DRX, with add-meas’ [%]
	DRX configuration
	Off
	160ms
	320ms
	640ms

	Independent DRX
	100.0
	246.9
	296.3
	444.4


From the table we see that we have up to about 4.5 times more HO failures, when using the Rel-12 independent DRX compared the case where we apply independent DRX with additional PCell measurements when PSCell is active.

Observation 1: Having additional PCell measurements when PSCell is active improves mobility in dual connectivity.
Of importance is of course the impact on the UE power consumption due to the increased measurements activity in PCell when PSCell is active. The UE power consumption impact can be seen in Figure 2.
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Figure 3 Power consumption of additional measurements (‘Independent DRX, with add-meas.’) vs independent DRX of MeNB and SeNB (‘Independent DRX’) with full buffer traffic
From Figure 2 we observe that the impact on the UE power is visible to some extend. The relative impact in power consumption increase from applying additional measurements in PCell is given in Table 2:
Table 2 Power consumption relative to ‘Independent DRX’ [%] - Median
	DRX configuration
	160ms
	320ms
	640ms

	Independent DRX, with add-meas
	103.6 
	104.7 
	 104.7 


There is impact on UE power consumption from performing additional measurement in PCell when PSCell is active but the impact is rather minimal. 
Observation 2: Having additional PCell measurements when PSCell is active has some impact on UE power saving opportunities.

Alternative to having additional measurements in PCell when PSCell is active is of course to configure PCell with a DRX cycle that requires the UE to perform frequent measurement continuously – e.g. every 40ms. I.e. PCell measurements would be performed frequently all the time and not only when PSCell is active.
In order to anlyze the impact of such approach we have simulated a use case where UE is receiving bursty style of traffic enabling the UE to enter DRX and power saving mode. Results of this case is shown in Figure 4.
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Figure 4 Illustration of the power savings, with additional measurements in MeNB when UE is active in SeNB
In Figure 4 we compare the power consumption between when the UE is continuously performing PCell measurement (with cycles 40 ms or 80 ms) and the power consumption when the UE is configured with PCell DRX of 320ms and performing additional PCell measurement when scheduled in PSCell. If we look at the 50%-case we see an increase of about 39% if applying continuous PCell measurements every 40ms compared to using 320ms DRX with additional measurements when PSCell is active.
These results shows that by having additional PCell measurements when PSCell is active improves the PCell mobility robustness. The results also show that the scheme enables more power saving opportunities for the UE compared to using continuous frequent measurements in PCell – e.g. 40ms DRX.

Observation 3: Applying additional PCell measurements only when PSCell is active enables more UE power saving opportunities compared to applying continuous frequent measurements in PCell.
However, the results also show that there is an impact on the UE power consumption – although this impact is minimal. For additional UE power saving opportunities and limiting the impact on UE power consumption, we propose that the UE should only be required to perform the additional PCell measurements in situations and deployments where it gives benefits. Therefore, additional PCell measurements should applied only when configured by the network. 
Based on the results shown and discussion it is proposed:

Proposal 1: For dual connectivity, RAN4 should discuss UE applying additional measurement in PCell, when PSCell is active. 
Proposal 2: UE should only apply additional PCell measurements, when PSCell is active, when configured to do so by network.
3. Conclusions

In this paper we have continued the discussion related to the WI on DC enhancements and especially the topic:
Enhancement of intra-frequency/inter-frequency/inter-RAT measurement requirements in DRX (RAN4).
From the discussion and the results, we observe that having UE performing additional PCell measurements when PSCell is active improves the PCell mobility robustness. The results also shows that the proposed approach is more UE power saving friendly than continuously applying frequent PCell measurements – e.g. using PCell DRX cycle of 40ms. Based on this we propose:

Proposal 1: For dual connectivity, RAN4 should discuss UE applying additional measurement in PCell, when PSCell is active.
And to further limit the UE impact we propose:

Proposal 2: UE should only apply additional PCell measurements, when PSCell is active when configured by network.
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Appendix A Simulation setup

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 [4].
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.

The UE power consumption model was similar to the one presented in [5].  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
	100%

	Light sleep
	30%

	Deep sleep
	3%


As in reference [5] we have assumed that in case UE is in dual connectivity, the power consumption of UE receiving from two eNBs simultaneously is 2 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 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 full buffer traffic type.

Appendix B Simulation parameters
	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 [8]

	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], UMi)
	36.7log10(r) + 22.7 + 26log10(fc)

	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
	
	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
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