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1 Introduction
In RAN2#106, relaxation of RRM measurements using WUS was discussed and following agreements were reached:
	Agreements

- Add num-DRX-CyclesRelaxed to RadioResourceConfigCommon for eMTC.

- Capture the following in the corresponding running 36.331 CR:



“numDRX-CyclesRelaxed: Maximum number of consecutive DRX cycles during which the UE can use WUS for synchronisation and skip serving cell measurements, see TS 36.213 [23]. Value n1 corresponds to 1 DRX cycle, value n2 corresponds to 2 DRX cycles and so on. The actual duration during which the UE can skip serving cell measurements is: Min (signalled value x paging cycle, 2.56s), where paging cycle is the value of defaultPagingCycle parameter provided in SystemInformationBlockType2.”

- FFS if the value in Min() is 2.56sec.


In this contribution, we discuss the FFS.
2 Discussion
In TS 36.133, the UE shall measure the RSRP and RSRQ level of the serving cell and evaluate the cell selection criterion S for the serving cell at least every DRX cycle. That means we can safely relax the serving cell RRM measurement up to the possible maximum DRX cycle of 2.56s for BL UEs or UEs in CE as analysed in [1].
Observation 1: The maximum safe value for relaxation of the serving cell RRM measurement is the possible maximum DRX cycle, i.e. 2.56s.
	4.2.2.1
Measurement and evaluation of serving cell

The UE shall measure the RSRP and RSRQ level of the serving cell and evaluate the cell selection criterion S defined in [1] for the serving cell at least every DRX cycle.
The UE shall filter the RSRP and RSRQ measurements of the serving cell using at least 2 measurements. Within the set of measurements used for the filtering, at least two measurements shall be spaced by, at least DRX cycle/2.

<Omitted>
Table 4.2.2.1-1: Nserv
DRX cycle length [s]
Nserv [number of DRX cycles]
0.32
4
0.64
4
1.28
2
2.56
2
<Omitted>


In Rel-15 for NB-IoT, RAN4 introduced the requirements for measurement and evaluation of the serving NB-IoT cell when configured with WUS, for normal coverage and extended coverage, in TS 36.133 section 4.6.2.1A and 4.6.2.3A respectively.

The relaxation time is defined as N*DRX_cycle, where N is the relaxation factor N determined as a function of the UE eDRX cycle and PTW, if configured, the cell DRX cycle and a variable n, where n is the signalled value of numDRX-CycleRelaxed. See the TS 36.133 specification in the section 5 Annex.
Observation 2: For NB-IoT, TS 36.133 specifies the maximum relaxation time. The relaxation time also depends on the UE DRX parameters if configured
RAN4 has not started work on relaxation of RRM measurements using WUS for eMTC. However, we can expect they will specify the relaxation time in TS 36.133 as done for NB-IoT.

Proposal 1: RAN2 assumes that RAN4 will define the RRM relaxation time for eMTC when configured with WUS in TS 36.133.

If the relaxation time is defined in TS 36.133, there is no need to specify also the value in TS 36.331, this would be duplicate specification. Instead, it is better to refer to RAN4 specification in the field description of numDRX-CycleRelaxed.
Proposal 2: Update the field description of numDRX-CycleRelaxed in the eMTC running CR as follows: 

	numDRX-CyclesRelaxed

Maximum number of consecutive DRX cycles during which the UE can use WUS for synchronisation and skip serving cell measurements, see TS 36.133 [16]36.213 [23]. Value n1 corresponds to 1 DRX cycle, value n2 corresponds to 2 DRX cycles and so on. The actual duration during which the UE can skip serving cell measurements is: Min (signaled value x Paging Cycle, 2.56s), where paging cycle is the value of defaultPagingCycle provided in SystemInformationBlockType2.

Editor’s Note: From RAN2#106: FFS if the value in Min() is 2.56sec


Note, that the sourcing company has submitted a similar change for NB-IoT.
3 Conclusion 
In this paper, we discussed the RRM relaxation further. We made the following observations and proposals:
Observation 1: The maximum safe value for relaxation of the serving cell RRM measurement is the possible maximum DRX cycle, i.e. 2.56s.
Observation 2: For NB-IoT, TS 36.133 specifies the maximum relaxation time. The relaxation time also depends on the UE DRX parameters if configured
Proposal 1: RAN2 assumes that RAN4 will define the RRM relaxation time for eMTC when configured with WUS in TS 36.133.

Proposal 2: Update the field description of numDRX-CycleRelaxed in the eMTC running CR as follows: 

	numDRX-CyclesRelaxed

Maximum number of consecutive DRX cycles during which the UE can use WUS for synchronisation and skip serving cell measurements, see TS 36.133 [16]36.213 [23]. Value n1 corresponds to 1 DRX cycle, value n2 corresponds to 2 DRX cycles and so on. The actual duration during which the UE can skip serving cell measurements is: Min (signaled value x Paging Cycle, 2.56s), where paging cycle is the value of defaultPagingCycle provided in SystemInformationBlockType2.

Editor’s Note: From RAN2#106: FFS if the value in Min() is 2.56sec
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5 Annex
TS 38.133

	4.6.2.1A
Measurement and evaluation of serving NB-IoT cell for HD-FDD UE category NB1 in normal coverage when configured with WUS

The UE which supports wakeUpSignal [2] shall meet the requirement defined for the DRX cycle length of N*DRX_cycle in Section 4.6.2.1, provided the following conditions are met:

-
WUS has been configured in the serving NB-IoT cell using WUS-Config-NB-r15 [2], and

-
The serving cell measurement relaxation is signalled as n by the network using numDRX-CycleRelaxed-r15, and

-
Serving cell S criteria is met with at least 2 dB margin.

-
the relaxed monitoring criteria for neighbour cells in TS 36.304 [1] clause 5.2.4.12.1 is fulfilled, and

, where the relaxation factor N is given by Table 4.6.2.1A-1. Otherwise the requirements defined for the configured DRX cycle length in Section 4.6.2.1 shall apply.

The UE shall further meet the requirements in section 4.6.2.1 during time period T0 after following occasions:

-
after the end of reception of latest paging message, or

-
from the moment UE has switched from RRC_CONNECTED state to RRC_IDLE state.

T0 = N*DRX cycle if the UE is not configured with eDRX_IDLE cycle where the value of N specified in Table 4.6.2.1A-1;

T0 = one eDRX IDLE cycle if the UE is configured with eDRX_IDLE cycle;

Table 4.6.2.1A-1: The relaxation factor N for a UE not configured with eDRX IDLE cycle
DRX cycle length [s]
Value
1.28
Min(n , 8)
2.56
Min(n , 4)
5.12

Min(n , 2)

10.24

1

NOTE:
n is signalled by the network by using numDRX-CycleRelaxed-r15 defined in TS 36.331 [2].
Table 4.6.2.1A-2: The relaxation factor N for a UE configured with eDRX IDLE cycle
DRX cycle length [s]

Value

5.12 ≤ PTW length [s] < 7.68
7.68 ≤ PTW length [s] < 12.8
12.8 ≤ PTW length [s] < 23.04
23.04 ≤ PTW length [s] 
1.28
1
Min(n , 2)
Min(n , 4)

Min(n , 8)

2.56
N/A

1

Min(n , 2)

Min(n , 4)

5.12

N/A
N/A
1

Min(n , 2)

10.24

N/A
N/A
N/A
1

NOTE:
n is signalled by the network by using numDRX-CycleRelaxed-r15 defined in TS 36.331 [2].

4.6.2.3A
Measurement and evaluation of serving NB-IoT cell for HD-FDD UE category NB1 in enhanced coverage when configured with WUS

The UE which supports wakeUpSignal [2] shall meet the requirement defined for the DRX cycle length of N*DRX_cycle in Section 4.6.2.3, provided the following conditions are met:

-
WUS has been configured in the serving NB-IoT cell using WUS-Config-NB-r15 [2], and

-
The serving cell measurement relaxation is signalled as n by the network using numDRX-CycleRelaxed-r15, and

-
Serving cell S criteria is met with at least 2 dB margin.

-
the relaxed monitoring criteria for neighbour cells in TS 36.304 [1] clause 5.2.4.12.1 is fulfilled, and

, where the relaxation factor N is given by Table 4.6.2.3A-1. Otherwise the requirements defined for the configured DRX cycle length in Section 4.6.2.3 shall apply.

The UE shall further meet the requirements in section 4.6.2.3 during time period T0 after following occasions:

-
after the end of reception of latest paging message, or

-
from the moment UE has switched from RRC_CONNECTED state to RRC_IDLE state.

T0 = N*DRX cycle if the UE is not configured with eDRX_IDLE cycle where the value of N specified in Table 4.6.2.3A-1;

T0 = one eDRX IDLE cycle if the UE is configured with eDRX_IDLE cycle;

Table 4.6.2.3A-1: The relaxation factor N for a UE not configured with eDRX IDLE cycle
DRX cycle length [s]
Value
1.28
Min(n , 8)
2.56
Min(n , 4)
5.12

Min(n , 2)

10.24

1

NOTE:
n is signalled by the network by using numDRX-CycleRelaxed-r15 defined in TS 36.331 [2].
Table 4.6.2.3A-2: The relaxation factor N for a UE configured with eDRX IDLE cycle
DRX cycle length [s]

Value

7.68 ≤ PTW length [s] < 12.8
12.8 ≤ PTW length [s] < 23.04
23.04 ≤ PTW length [s] < 43.52
43.52 ≤ PTW length [s] 
1.28
1
Min(n , 2)
Min(n , 4)

Min(n , 8)

2.56
N/A

1

Min(n , 2)

Min(n , 4)

5.12

N/A
N/A
1

Min(n , 2)

10.24

N/A
N/A
N/A
1

NOTE:
n is signalled by the network by using numDRX-CycleRelaxed-r15 defined in TS 36.331 [2].
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