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1 
Introduction
In RAN4#72 meeting, a LS from RAN2 [1] requested RAN4 to provide response on the questions related to RRM measurements for DC. The content of this LS is recaptured below for information. 
	Regarding DRX configuration, RAN2 agreed that: 

· DRX can be configured separately on MeNB and SeNB, different DRX cycles may exist in MCG and SCG serving cells;

· Which DRX cycle to apply when determining the measurement accuracy (MCG, SCG, shortest, longest) shall be discussed in RAN4. 

RAN2 considers it will impact measurement requirement design; therefore RAN2 would like to ask:

Question 1: Ask RAN4 to decide which DRX cycle is to be used for determining the requirement of the measurement accuracy, and preferably choose a solution without signalling impact.
Regarding measurement events for DC, RAN2 agreed that:

· Enhance measurement events A3/5 for PSCell (MeNB blindly configures the measurements and can provide the results to the SeNB with the existing means);

Regarding scenarios on how to design gap, RAN2 considers all following scenarios;

· 
Scenario 1: MCG and SCG in the same band, 

· 
Scenario 2: MCG and SCG in different bands, and 

· 
Scenario 3: part of MCG and SCG DL transmission share the same band.
RAN2 would like to ask RAN4 opinion about above scenarios:

Question 2: Does RAN4 intend to support all the listed scenarios?
Regarding measurement gap for DC, RAN2 agreed that:

· Choose common gap for the MeNB and the SeNB as gap mechanism for DC, i.e.;
· 
There is only a single measurement gap configuration for the UE in RRC which is controlled by the MeNB;
· Timing of the gap (SFN and subframe boundary) refers to the timing of MeNB, i.e. UE uses PCell’s SFN and subframe number to determine the first subframe of the measurement gap

· UE determines the starting point of the measurement gap based on the subframe boundaries of the MCG serving cells;

· Regarding UE measurement gap capability, stick to current CA mechanism, the UE reports measurement gap capability per band/bandcombination;
· MeNB informs SeNB of the UE’s measurement gap configuration;
· RAN2 assumes that an extension of the measurement gap for the SeNB is needed (at least for the asynchronous case);

· RAN2 assumes network based determination of the timing offset between MeNB and SeNB as indicated by RAN3.
RAN2 would like to ask RAN4:

Question 3: What is the exact value on the extension of the measurement gap?


In this contribution, these questions on RRM measurement for DC in LS [1] are addressed from RAN4 perspective.
2 
Discussion

2.1. Question 1: DRX cycle to determine the requirement of the measurement accuracy 

In RAN2’s LS [1], UE can configure the different DRX for MCG and SCG separately. As results UE may have multiple DRX states and multiple DRX configurations. However, the measurement accuracy requirements in TS36.133 [2] are defined with the single DRX configuration per UE. For example, in [2] the requirement to identify a new FDD interfrequency cell is specified by the table below. Consequently the issue how to define the measurement requirements in case of DRX for DC in which UE has multiple DRX configuration need to be addressed by RAN4.
Table 8.1.2.3.1.2-1: Requirement to identify a newly detectable FDD interfrequency cell [2]

	DRX cycle length (s)
	 Tidentify_inter (s) (DRX cycles)

	
	Gap period = 40 ms
	Gap period = 80 ms

	≤0.16
	Non DRX Requirements in section 8.1.2.3.1.1 are applicable
	Non DRX Requirements in section 8.1.2.3.1.1 are applicable

	0.256
	5.12*Nfreq (20*Nfreq)
	7.68*Nfreq (30*Nfreq)

	0.32
	6.4*Nfreq (20*Nfreq)
	7.68*Nfreq (24*Nfreq)

	0.32< DRX-cycle≤2.56
	Note (20*Nfreq)
	Note (20*Nfreq)

	Note: Time depends upon the DRX cycle in use


· For intra-frequency measurement, should the DRX cycle of the serving cell on the frequency be used to determine the measurement requirement?

For the measurements on the intra-frequencies these measurement requirements can be based on the DRX cycle of the serving cells (either MCG PCell or SCG PSCell). That is for the measurements on the intra-frequencies in MCG serving cells, the MCG’s DRX cycle could be used. For the measurements on the intra-frequencies in SCG serving cells, the SCG’s DRX cycle could be used. 
Proposal 1: For the measurements on the intra-frequencies the measurement requirements when DRX used in TS36.133 [2] can be based on the DRX cycle of the serving cells (either MCG PCell or SCG PSCell).

· For inter-frequency measurement, which DRX cycle to be used in determining the requirement of the measurement accuracy?

For the inter-frequency measurement, several solutions below to determine the proper DRX cycle used to define measurement requirements in case of DRX state for DC are still opened for discussion. 
· Option 1: network indicates which DRX cycle shall be used. 
· Option 2: min{ MCG’s DRX cycle/MGRP, SCG’s DRX cycle/MGRP } for both MCG and SCG  
· Option 3: max{ MCG’s DRX cycle/MGRP, SCG’s DRX cycle/MGRP } for both MCG and SCG 

Observation 1:  Generally Option 1 needs additional RAN2 signaling support and will increase RAN2 work loading. As it is clearly stated that solution without signaling impact is preferable by RAN2 [1], Option 1 can be excluded for further investigation in RAN4 as well.
During the “OnDuration” time of DRX, UE need to monitor PDCCH in spite of no any scheduled data traffic and inter-frequency measurement targeted to the neighbor cell in other carriers. As results UE can’t turn off its RF/baseband chains completely in DRX mode. For instance, if the inter-frequency measurement is performing within “Tn” in Figure 2 which is specified by the long measurement DRX cycle (Option 3), UE will also hold on the active state in the “OnDuration” time which are specified by the other shorter MCG DRX cycle although UE need not any measurements or data traffic during these periods (e.g. “Tm” and “Tm+1” in Figure 2). Therefore it is hardly to justify precisely how the benefits of Option 3 in comparison with Option 2 is from power consumption perspective. Nevertheless the power consumption gain thanks to Option 3 with less measurement occasions shall be very limited as explained above.      

[image: image1.emf]SCG DRX_cycle

OnDuration

SCG DRX

MCG : no DRX

Interfrequency 

measurement with 

max(MCG_DRX , 

SCG_DRX) in Fx

UE activate time  

in: F0, F1, or other Fx 

PDCCH PDCCH

F1

Fx

F0

PDCCH PDCCH PDCCH

MCG DRX_cycle

PDCCH PDCCH PDCCH

PDCCH

PDCCH

T

m

T

n

T

m+1


Figure 1 UE activation duration and power consumptions 

Observation 2: The power consumption difference between option 2 and 3 is limited.
On the other hand it is obviously observed that the measurement delay with Option 2 (min{ MCG’s DRX cycle, SCG’s DRX cycle } for both MCG and SCG) can be shorter than that of Option 3 (max{ MCG’s DRX cycle, SCG’s DRX cycle } for both MCG and SCG).

Observation 3:  In comparison Option 3, Option 2 can gain better measurement delay performance since the shorter measurement period used. 

More importantly in DC UE may have higher measurement delay requirements on MCG cells since MeNB will control mobility managements of SCG. For example, when PCell of MCG is triggered to be handover, PSCell shall be de-configured/released firstly. Meanwhile if there is ongoing data traffic in PCell of MCG the faster measurement delay and HO delay is desired. On the other hand, the larger measurement delay can be acceptable to SCG cells because SCG cells is mainly deployed for data offloading. In general, MCG should be more sensitive to the measurement delay than SCG. It is better to use the DRX cycle of MCG to define the overall measurement cycle and requirements on interfrequency measurement in DC. 
Observation 3:  MCG cells typically require higher measurement delay requirements than SCG cells. 
Proposal 2: For the measurements on the inter-frequencies the measurement requirements when DRX used in TS36.133 [2] can be based on the DRX cycle of MCG no matter what that of SCG is.
2.2.  Question 2: DC scenarios 

In [5] DC scenario supported in Rel12 were agreed to be defined as:

· Inter-band deployment with both synchronized and unsynchronized mode
· In Rel-12 framework, 1CC per CG is considered for inter-band deployment
Proposal 3: In Rel12 DC scenario will be focus on inter-band deployment and only 1 CC per CG is considered.
2.3. Question 3: What is the exact value on the extension of the measurement gap?
In last RAN4 meeting, the consensus on the measurement gap of unsynchronized DC can be concluded as [6]:

· For MCG: To reuse the legacy GAP configuration
· For SCG: the measurement gap length(MGL) can be extended to [6+1]ms
Proposal 4: For SCG: the measurement gap length (MGL) can be extended to [6+1]ms.
3 
Conclusion
In this contribution, the LS from RAN2 on RRM measurement of DC was addressed. In conclusion, the following proposals can be drawn and the corresponding LS draft to reply RAN2’s questions [1] are provided in [7] also.

Proposal 1: For the measurements on the intra-frequencies the measurement requirements when DRX used in TS36.133 [2] can be based on the DRX cycle of the serving cells (either MCG PCell or SCG PSCell).

Proposal 2: For the measurements on the inter-frequencies the measurement requirements when DRX used in TS36.133 [2] can be based on the DRX cycle of MCG no matter what that of SCG is.
Proposal 3: In Rel12 DC scenario will be focus on inter-band deployment and only 1 CC per CG is considered.
Proposal 4: For SCG: the measurement gap length (MGL) can be extended to [6+1]ms.
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