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1	Introduction 
[bookmark: OLE_LINK1][bookmark: OLE_LINK2][bookmark: OLE_LINK132][bookmark: OLE_LINK133]Currently, RAN4 has 3 alternatives of defining the inter-frequency measurement requirements. The 3 alternatives are
1. Atl1: The delay requirement is summation among different carriers, and the requirement of inter-frequency carrier #i can be expressed as:

Where and   
2. Alt2: The delay requirement is per-carrier defined for each carrier, and the requirement of inter-frequency carrier #i can be expressed as: 

The value of scaling factor in each carrier 
3. Alt3: The delay requirement is per-carrier defined for each carrier, and the requirement of inter-frequency carrier #i can be expressed as: 

The values of scaling factor in each carrier refer to the Proposal 1 in [2, Ericsson].

In this paper, we use gap occasion based round-robin inter-frequency measurement scheduling method [1] to evaluate the reporting timing difference between requirement and UE scheduling for different candidate requirements. Besides, some modifications of proposed requirement in [2] are also proposed to further facilitate the UE measurement scheduling, when scheduling flexibility and DRX mode are taken into account. 
2	Evaluation of Measurement Requirement
When gap sharing is taken into account. The alt. 3 is the only candidate if we want to apply the gap sharing factor to a particular gap occasion. For example, when alt. 1 & 2 are in use, the requirements of inter-frequency measurement become


This means that we need to apply gap sharing to the MGs even with only intra-frequency SMTC occasions or only inter-frequency SMTC occasions. Though it indeed provides extra timing margin for UE; however, the amount of margin depends on the combination of SMTC configurations of all MOs and is not guaranteed. From UE perspective, a consistent margin for all combinations of SMTC configurations is preferred because it is predictable. Consistent margin for each MO can actually provide scheduling flexibility and help UE to conduct the measurement. Otherwise, UE scheduling flexibility is limited. 
[bookmark: _Ref517383806]Observation 1: The alt. 3 is the candidate if we only want to apply gap sharing to the gap occasions where both intra-frequency and inter-frequency/inter-RAT MOs can be observed.

The following discussion is proceeding based on numeric analysis comparing the reporting timing difference between requirement and UE scheduling of different requirement alternatives. Similar with our previous paper [2], we assume that MGRP is 40ms with gap offset 0, so there are totally 7 effective settings (means the SMTC occasions are always covered by gap) of SMTC periodicity and offset. Here, MOs number Nfreq=3, is set to compare the reporting timing difference, and the corresponding total case number are 73=343.
A gap occasion based round-robin inter-frequency measurement scheduling method [1] is applied to evaluate the reporting timing difference of alt. 2 and alt. 3. Please note that the equation of alt. 3 here we use has already adopted the following modifications: 1) take celling for the average measurement opportunity, 2) set required sample number as  (where the 3 sample margin agreed in [3] for AGC gain tuning is not yet considered). The reason for these modifications can be found in next section. The definition of reporting timing difference between requirement and UE scheduling is 

For each case, we count the length of  for each MO. Then we classify all the  according to its length and show the statistical results by a histogram. In Figure 1, the histogram of  of alt.2 and alt.3 are provided. We can observe that 
· Reporting timing difference between requirement and UE scheduling  provided by alt.3 is generally tighter than that of alt. 2. 
· There is no case that UE fails the requirement. 
This means that both alt. 2 and alt. 3 could be adopted as the inter-frequency measurement requirement for round-robin scheduling method.

 [image: ]   [image: ]      
     (a) Alt. 2                     (b) Alt. 3 with equation modification
Figure 1: The histogram of  with .

[bookmark: _Ref514104544]Observation 2: When alt. 2 and alt. 3 are compared, alt. 3 is tighter because in each gap occasion, only the carriers whose SMTC occasions are overlapped with target carrier #i are considered.   

3	Modification for formula in alternative 3 
In this section, we are going to discuss what kind of modifications for alt.3 are needed, when the following principles agreed in #86 Bis meeting are considered:
1. Strive to keep UE measurement flexibility the same as LTE
2. FFS the delay caused by gap sharing with intra-frequency measurement and DRX mode.

3.1 Keeping UE measurement feasibility
Firstly, we would like to see if alt. 3 can provide sufficient UE measurement samples. An example is used to explain the idea. Assuming that there are 5 measurement objects (MOs) #A, #B, #C, #D, and #E are configured by the network with SMTC periodicity and offset (40,0), (40,0), (40,20), (20,0), (20,0) with unit of ms, respectively. The MGRP is 20ms. The corresponding requirements of these 5 MOs based on [1] are: 

MOs #A & #B:                 
MO #C:                      
   MOs #D & #E:                 17.142817




Figure 2: The example of UE scheduling based round-robin rule with 5 MOs.

Figure 2 is used to represent the practical UE scheduling for the measurement of these 5 MOs. Each column represent a gap occasion in the order of time. The red color is used to mark the measured MO taken in each gap occasion. We can observe that for MOs #D and #E, the final requirements are , which means that in average UE needs 3.43 gap occasions to obtain 1 measurement sample. If we assume that , the overall gap occasions number is ms, and we illustrate its length in Figure 2 by a red arrow. It is obvious that under such length of timing requirement, UE cannot get the 5th sample for MO #E. To accommodate this issue non-integer requirement, ceiling needs to be added to make the delay requirement an integer.
[bookmark: _Ref514104563][bookmark: _Ref510482337]Observation 3: The ceiling function must be added. Otherwise it is not guaranteed that UE can always obtain sufficient sample number in a measurement period.
[bookmark: _Ref514664020][bookmark: _Ref510482977][bookmark: _Ref514060750]Proposal 1: The basic inter-frequency measurement requirement is modified as .

We then explain why the required sample number  needs to be extended. In Figure 3(a), the equation in proposal 2 with =5 is used to illustrate  of alt. 3. We can observe that though the ceiling is taken for the average measurement opportunity, some fail cases still exist. Figure 3(b) shows an example of the fail case. The SMTC configurations of MOs #A, #B, and #C are (80,40), (80,0), and (40,0) in unit of ms, respectively. The reporting time that requirement provides is marked by the yellow color, and the reporting time that scheduling needs is marked by the green color. We can observe that for #A and #B, the requirement is sufficient for UE to obtain 5 samples. However, for #C the number of sample UE can get at the end of the requirement is only 4. The reason behind this observation is that with round robin scheduling, the actual samples taken for a MO could become irregular in time, e.g., in Figure 3(b), the time between 2 consecutive samples for MO #C is sometimes 1 MGRP and sometimes 3 MGRPs. To address this issue, we suggest to use >5 rather than =5.

[bookmark: _MON_1588191205][image: ]
(a)
(b)
Figure 3: (a) The histogram of  with M=5, where Alt. 3 is used and ceiling is taken for the average measurement opportunity. (b) An example of the fail case 

[bookmark: _Ref514454743]Observation 4: Considering the UE measurement feasibility, the required sample number for alt. 3 should be larger than 5 even without considering AGC issue.

We then discuss how much margin we need to extend. In Figure 1, it is proved that when 3 MOs are monitored, required sample number M=6 is sufficient enough. However, the scheduling becomes more complicated when the number of monitored MO increases. Figure 4(a) shows an example with 5 MOs. Here, the required sample number M=6 is used to evaluate the corresponding requirements. Even though the required sample number has been extended to 6, there still have 120 fail cases that UE can’t obtain 5 samples within the reporting time provided by the requirement. Figure 4(b) shows an example of the fail cases.      
[image: ]

(a)
 (b)
Figure 4: (a) The histogram of  with M=6, where Alt. 3 is used and ceiling is taken for the average measurement opportunity. (b) An example of the fail case 
Considering that we are not able to check all the combinations that NW might configured. We suggest to extend the required sample number to 
[bookmark: _Ref517715534]Proposal 2: Considering the UE measurement feasibility, the required sample number for alt. 3 should be modified as  even without considering AGC issue, where the values of  is FFS. 

Though the equation of alt.3 needs some modification, it has two advantages as we described in Section 2: 1) it could provide a tighter requirement because in each gap occasion, only the carriers whose SMTC occasions are overlapped with target carrier #i are considered, 2) it could address the need of gap sharing for each gap occasion. So we suggest  
[bookmark: _Ref514060744][bookmark: _Ref514453171][bookmark: _Ref514664037]Proposal 3: Alt. 3 is used as the basic framework to define the inter-frequency measurement requirements, under the premise that celling for the average measurement opportunity is taken and the required sample number is extended.

3.2 Considering the DRX mode
In DRX mode, the power consumption issue for non-aligned SMTC periodicity and DRX cycle [4] should be taken into account. We suggest to re-use the consensus RAN4 had achieved in [5]. The required sample number is multiplied with 1.5 when DRX cycle length ≤ 320ms.
[bookmark: _Ref514664054][bookmark: _Ref514060763]Proposal 4: Considering the power consumption issue for non-aligned SMTC periodicity and DRX cycle in DRX mode, the basic inter-frequency measurement requirement is modified as  when DRX cycle length is less and equal to 320ms.  
  
4	Two DRX cycles configured by MN and SN
In RAN2#99 meeting, DRX configuration for EN-DC was discussed. In general, the principle of separate DRX configurations in LTE-DC was applied in EN-DC. Although separate DRX configurations can be provided for MCG and SCG, certain alignment on DRX configuration between MCG and SCG is beneficial to UE power consumption. In [6], the evaluation on UE power consumption with different DRX configuration assumptions was provided. Two cases are considered for power consumption: 
•	Case 1: On-duration of the DRX cycles for MCG and SCG are not aligned. (Figure 5.1)
•	Case 2: On-duration of the DRX cycles for MCG and SCG are aligned. (Figure 5.2)
Note that UE power consumption for RRM measurement on NR serving cell will be impacted by the SMTC configuration as well as its timing location related to the DRX On-duration. In the optimal case for UE power consumption, SMTC is aligned with the Active time of the SCG DRX cycle. In order to minimize the impact of SMTC configuration and illustrate the benefit of DRX coordination between MCG and SCG, we consider the scenario that the occasion of SMTC and DRX on-duration is aligned. For LTE, we do not have the alignment issue because CRS is always transmitted.


Figure 5.1 Case 1


Figure 5.2 Case 2
Figure 5: DRX Configuration w/o On-duration Alignment

For both of cases, UE power consumption with different DRX cycles are calculated assuming the length of On-duration is 4ms for both MCG and SCG. 
1. Configuration 1: DRX cycle=20 ms
1. Configuration 2: DRX cycle=40 ms
1. Configuration 3: DRX cycle=128 ms
UE power consumption for case 1 and case2 with different DRX cycles are evaluated in Table 1.  The detailed parameters and calculation method is explained in the Appendix. 


Table 1: Power Consumption Comparison between Case1 and Case 2
	
		Power Consumption（mA）	
	Extra Power Consumption

	Configuration 1
	Case 1
	159.5
	13.5%

	
	Case 2
	140.50
	

	Configuration 2
	Case 1
	44.88
	11.8%

	
	Case 2
	40.13
	

	Configuration 3
	Case 1
	26.796875
	12.5%

	
	Case 2
	23.83
	



[bookmark: _Ref514104572][bookmark: _Ref506375205]Observation 5: Compared with aligned on-duration between separate DRX of MCG and SCG, up to 13.5% additional UE power is consumed for the case of non-aligned on-duration of the separate DRX configurations.
[bookmark: _Ref514060772][bookmark: _Ref506375230]Proposal 5: Companies are encouraged to provide idea to deal with the power consumption issue caused by 2 different DRX configurations.

Except power consumption, the measurement requirement is another issue that needs to be addressed. When UE conducts the intra-frequency measurement, it is intuitive that the requirement follows the DRX configured to the cell groups that the serving cell is located. However, when UE conducts the inter-frequency measurement, which DRX configuration to be used for the measurement requirement become more complicated. For example:
1. When both MCG and SCG exist, and MN configures a measurement object in FR2. UE need to use a RF chain in SCG to measure this frequency.
1. When both MCG and SCG exist, and SN configures a measurement object in FR1. It is a UE implementation to use a RF chain in MCG or SCG to measure this frequency.
RAN4 should clarify which DRX configuration will be used in the inter-frequency measurement requirement. Two principles are suggested:
1. Requirements should not limit the UE implementation.
1. Requirements should consider the UE power consumption.
Therefore, we list all the possible situations in Table 2.

[bookmark: _Ref514104631][bookmark: _Ref506377658][bookmark: _Ref514060775]Proposal 6: For inter-frequency measurement, the delay relay requirement follows the DRX table shown below 
Table 2: Rule to select DRX cycle configured by MN or SN.
	DRX On/Off
	MO configured by MN
	MO Configured by SN

	DRXMN
	DRXSN
	
	

	ON
	OFF
	DRXMN
	DRXMN

	OFF
	ON
	DRXSN
	DRXSN

	ON
	ON
	Max{ DRXMN, DRXSN }



5	Summary 
In this contribution, we observe that
Observation 1: The alt. 3 is the candidate if we only want to apply gap sharing to the gap occasions where both intra-frequency and inter-frequency/inter-RAT MOs can be observed.
Observation 2: When alt. 2 and alt. 3 are compared, alt. 3 is tighter because in each gap occasion, only the carriers whose SMTC occasions are overlapped with target carrier #i are considered. 
Observation 3: The ceiling function must be added. Otherwise it is not guaranteed that UE can always obtain sufficient sample number in a measurement period.
Observation 4: Considering the UE measurement feasibility, the required sample number for alt. 3 should be larger than 5 even without considering AGC issue. 
Observation 5: Compared with aligned on-duration between separate DRX of MCG and SCG, up to 13.5% additional UE power is consumed for the case of non-aligned on-duration of the separate DRX configurations.

And we propose
Proposal 1: The basic inter-frequency measurement requirement is modified as .
Proposal 2: Considering the UE measurement feasibility, the required sample number for alt. 3 should be modified as  even without considering AGC issue, where the values of  is FFS.
[bookmark: _GoBack]Proposal 3: Alt. 3 is used as the basic framework to define the inter-frequency measurement requirements, under the premise that celling for the average measurement opportunity is taken and the required sample number is extended.



Proposal 4: Considering the power consumption issue for non-aligned SMTC periodicity and DRX cycle in DRX mode, the basic inter-frequency measurement requirement is modified as  when DRX cycle length is less and equal to 320ms. 
Proposal 5: Companies are encouraged to provide idea to deal with the power consumption issue caused by 2 different DRX configurations.
Proposal 6: For inter-frequency measurement, the delay relay requirement follows the DRX table shown below 
Table 2: Rule to select DRX cycle configured by MN or SN.
	DRX On/Off
	MO configured by MN
	MO Configured by SN

	DRXMN
	DRXSN
	
	

	ON
	OFF
	DRXMN
	DRXMN

	OFF
	ON
	DRXSN
	DRXSN

	ON
	ON
	Max{ DRXMN, DRXSN }
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7	Appendix
7.1 UE Power Consumption Modeling
For EN-DC, certain hardware may be shared by UE implementation for LTE and NR to reduce the cost. In this section, we give the numerical analysis for different alignment of DRX configuration between MCG and SCG based on the experimental data, assuming a sub-6 carrier is used for NR.  
UE power consumption is calculated based on the model below with different power state. It should be noted that UE transmission power is not considered, and we only concern the UE power consumption for DL reception due to different DRX configuration.  

[image: ]
Figure 6 Model with Different Power States
Before each On-duration, UE need to warm up earlier, which will endure 1~2ms. At end of Active time, UE need to stay awake for a period of timer for cool down. The power consumption due to warm up and cool down should be considered. 

7.2 Assumptions on Timing
	Parameters
	Time duration (ms)

	LTE DRX on Duration 
	TLTE_DRX = 4

	NR DRX on Duration 
	TNR_DRX = 4

	LTE pre-sync
	TSync = 2

	NR SMTC window 
	TSMTC = 5

	Baseband warm-up
	TWA = 2

	Baseband cool-down
	TCD = 2

	DRX cycle length
	TCYC = 20, 40, 128



7.3 Assumptions on Power Consumption
	
	Configuration 1
	Configuration 2
	Configuration 3

	Base: PBS (mA)
	20
	20
	5



	Module Power (mA)
	Baseband : PBB
	RF (Rx) : PRF

	LTE
	80(PBB1)
	40 (PRF1)

	NR sub-6
	100 (PBB2)
	50 (PRF2)

	LTE+ NR sub-6
	160 (PBB3)
	80 (PRF3)



7.4 UE Power Consumption Calculation
UE power consumption in one DRX cycle
Case 1:
· 

Case 2: 
· 
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