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Introduction
RAN4 continued discussing requirements for connected mode NB-IoT neighbor cell measurements in RAN4#101-e. Progress was captured in a WF [1]. Agreements are reproduced below.
Scenarios prioritization
Deprioritize defining CONNECTED mode neighbour cell measurement requirements when the target cell is in enhanced coverage
FFS: Deprioritize defining CONNECTED mode neighbor cell measurement requirements when the serving cell is in enhanced coverage.

In addition, RAN2 reached the following agreements [2].
RAN2#116-e agreements:
· NW signals two separate thresholds for intra- and inter-frequency measurements.
· The values of s-SearchDeltaP and TSearchDeltaP may be different in RRC_CONNECTED and RRC_IDLE, they are signalled in a separate set of parameters. 
· s-SearchDeltaP has the same value range as the existing RRC_IDLE parameter
· FFS how to specify the state change
· [FFS] An indication that the UE starts measurement is not introduced. 
· No enhancement is introduced to have a shorter T310 timer for mobile UEs supporting connected mode measurement.
· For RRC_CONNECTED state, TSearchDeltaP is configured via SIB.
· Working assumption: For RRC_CONNECTED state, TSearchDeltaP range is 10 – 60 seconds.
· For RRC_CONNECTED state, no default value for TSearchDeltaP.
· No limit for how long UE can remain in relaxed neighbour cell monitoring state while it is in  RRC_CONNECTED state.
· For RRC_CONNECTED state, the RRC_IDLE state SSearchDeltaP is not used if the RRC_CONNECTED state SSearchDeltaP is not provided.
· Relaxed neighbour cell monitoring is enabled in RRC_CONNECTED state if TSearchDeltaP and SSearchDeltaP for RRC_CONNECTED state are provided.

In this paper we discuss the following topics:
· Inter-frequency measurement period
· Intra-frequency measurement period


Inter-frequency measurement period
One of the key requirements to be specified for NB-IoT neighbor cell measurements in connected mode is the measurement period for inter-frequency measurements. In this section we provide our proposals for formulating these requirements.
As agreed earlier by RAN4, inter-frequency neighbor cell measurements in connected mode are opportunistic; the UE can attempt to detect and/or measure inter-frequency neighbors during periods of time where there is no UL/DL data transfer scheduled and it is not required to monitor any DL transmission [3].
· When the carrier frequencies of serving cell and of measurement neighbour cell are different (scenarios B/D/E), UE can perform neighbour cell measurement without gaps without causing interruptions to serving cell using any occasion where the UE is not scheduled which includes any of the following:
· Vacant slots not scheduled for data transmission, i.e. when not required to do data transmission/reception 
· When not required to do NPDCCH monitoring
· during the DRX inactive period i.e. when the UE is configured with DRX.

Proposal 1: The measurement period requirements for inter-frequency cell detection and measurements in connected mode shall apply assuming no UL/DL scheduling for the UE during the measurement period.
As discussed in RAN4#101-e, the inter-frequency measurement period requirement will be based on a minimum length per occasion [1]. We propose the values below for measurements and cell-detection. 
Proposal 2: Inter-frequency measurement and cell detection requirements are based on minimum length(s) per occasion
· Minimum length of occasion for measurements:  ms
· Minimum length of occasion for cell detection:  ms
Proposal 3: The minimum time interval between adjacent occasions in the same NPDCCH monitoring period is  ms.
Proposal 4: Without DRX and assuming no UL/DL scheduling, the available time for measurements during one NPDCCH monitoring period would be , where
·  is the NPDCCH monitoring period length,
·  is the duration of a NPDCCH candidate with  repetitions,
·  is the NPDCCH processing time,
·  is the receiver retuning time.



Figure 1: Illustration of available measurement time for inter-frequency measurements

Observation 1: In general,  > , because NPDCCH can be transmitted only on valid DL NB-IoT subframes, excluding gaps in NPDCCH scheduling configured by the network via DL-GapConfig-NB and subframes for NPBCH, NPSS, NSSS, SIB1, and SI-NB messages.
Proposal 5:  = 4 ms, consistent with the minimum scheduling gap between NPDCCH and NPDSCH.
Proposal 6:  = 1 ms, consistent with the UL/DL transition time requirement for half-duplex FDD.
Note that, in general, it may not be straightforward or practical to formulate the requirements based on exact values of the parameter  calculated for each scenario because of the many different factors involved. Perhaps requirements may be based using an upper bound for  or by limiting the applicability of the requirements to a reduced set of scenarios. Nonetheless, once  has been calculated the measurement period requirement can be derived following the steps outlined below.
Proposal 7: FFS whether to derive the inter-frequency measurement period requirements based on the exact value of , possibly applicable to a limited set of scenarios, or by using an upper bound for .
Proposal 8: The following steps are applied to derive the inter-frequency measurement period requirement per carrier without DRX
1. Choose the duplexing mode (FDD/TDD) and carrier type (anchor, non-anchor).
2. For TDD, choose the UL/DL configuration.
3. Calculate  and  for all applicable values of .
4. Calculate .
5. Given  = 800 ms for NRS-based measurements in normal coverage, calculate the required number of measurement occasions: .
6. Calculate the number of available measurement occasions per NPDDCH period: .
7. Set .
8. For , the measurement period is given by

9. For , the measurement period is given by

The same steps can be applied to derive the requirement for cell detection measurement period, replacing the parameters  and  with the corresponding ones for cell detection.
Proposal 9: To the derive the inter-frequency cell detection period requirement per carrier without DRX, follow the steps in proposal 8, replacing  with  ms and   with .
Observation 2: It may not be necessary to capture the steps above (Proposal 8) in the specifications.


[bookmark: _Hlk92545622]For illustration purposes, we show in the Appendix the results of applying the proposed steps to a FDD non-anchor carrier to derive the measurement period. That scenario is the most favorable to performing neighbor cell inter-frequency measurements because of the high availability of subframes for NPDCCH transmission. In other cases, NPDCCH would take relatively longer and there would be less time available for measurements.
Measurement period duration for FDD non-anchor carrier according to our proposals are shown in Table 6. Even in this most favorable scenario, there are some configurations that would not support inter-frequency measurements, as shown in Table 6. There would be even fewer configurations that support inter-frequency cell detection in the same scenario (with longer occasions) as shown in Table 1.
	T_detect
	
	Rmax (npdcch-NumRepetitions)

	 
	
	1
	2
	4
	8
	16
	32
	64
	128
	256
	512
	1024
	2048

	
G (npdcch-StartSF-USS)
	1.5
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	5326
	5838
	5826

	
	2
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	3534
	3790
	3778
	3754

	
	4
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	3406
	2510
	2766
	2730
	3754

	
	8
	N/A
	N/A
	N/A
	N/A
	N/A
	1774
	3342
	2382
	1962
	2218
	2730
	3754

	
	16
	N/A
	N/A
	N/A
	N/A
	1758
	1774
	1794
	1834
	1962
	2218
	2730
	3754

	
	32
	N/A
	N/A
	N/A
	1750
	1758
	1762
	1770
	1834
	1962
	2218
	2730
	3754

	
	48
	N/A
	N/A
	N/A
	2518
	1758
	1774
	1770
	1834
	1962
	2218
	2730
	3754

	
	64
	N/A
	N/A
	1746
	1750
	1746
	1738
	1770
	1834
	1962
	2218
	2730
	3754


[bookmark: _Ref92547824]Table 1: Cell detection period requirement for FDD non-anchor carrier (ms)
The situation would be significantly worse for FDD anchor carriers and TDD carriers because of higher overhead (NPSS, NSSS, NPBCH, etc.) and lower availability of DL subframes. At least when there is no DRX, it would be beneficial to enable the UE to indicate when it needs to start performing inter-frequency measurements so that the network may try to create more opportunities for the UE to perform the measurements.
Proposal 10: RAN4 should send an LS to RAN2 informing RAN2 that our analysis shows that, in many scenarios, it would be beneficial for the UE to indicate when it needs to start performing inter-frequency measurements so that the serving cell may create measurement opportunities for the UE.


Intra-frequency measurement period
The proposal below for intra-frequency measurement period in connected mode was discussed [1] in RAN4#101-e. The proposal mostly leverages existing requirements for NB-IoT serving cell measurements in connected mode for cell detection, both when the serving/target cell is in normal coverage conditions. The exception is Tdetect_intra = 5 DRX cycles does not leverage existing requirements and 
Intra-frequency requirements
FFS:
When DRX is not configured:
· Tdetect_intra = 1400 ms
· Tmeasure_intra = 800 ms for NRS-based measurement
· Tmeasure_intra = 1600 ms for NSSS-based measurement
When DRX is configured:
· Tdetect_intra = 5 DRX cycles
· Tmeasure_intra = 5 DRX cycles.

We support the above proposal for intra-frequency measurement and cell detection requirements in connected mode when the target cell is in normal coverage.
Proposal 11: The intra-frequency measurement and cell detection requirements in connected mode when the target cell is in normal coverage.
When DRX is not configured:
· Tdetect_intra = 1400 ms
· Tmeasure_intra = 800 ms for NRS-based measurement
· Tmeasure_intra = 1600 ms for NSSS-based measurement
When DRX is configured:
· Tdetect_intra  is FFS
· Tmeasure_intra = 5 DRX cycles.

Conclusions
Proposal 1: The measurement period requirements for inter-frequency cell detection and measurements in connected mode shall apply assuming no UL/DL scheduling for the UE during the measurement period.
Proposal 2: Inter-frequency measurement and cell detection requirements are based on minimum length(s) per occasion
· Minimum length of occasion for measurements:  ms
· Minimum length of occasion for cell detection:  ms
Proposal 3: The minimum time interval between adjacent occasions in the same NPDCCH monitoring period is  ms.
Proposal 4: Without DRX and assuming no UL/DL scheduling, the available time for measurements during one NPDCCH monitoring period would be , where
·  is the NPDCCH monitoring period length,
·  is the duration of a NPDCCH candidate with  repetitions,
·  is the NPDCCH processing time,
·  is the receiver retuning time.

Observation 1: In general,  > , because NPDCCH can be transmitted only on valid DL NB-IoT subframes, excluding gaps in NPDCCH scheduling configured by the network via DL-GapConfig-NB and subframes for NPBCH, NPSS, NSSS, SIB1, and SI-NB messages.
Proposal 5:  = 4 ms, consistent with the minimum scheduling gap between NPDCCH and NPDSCH.
Proposal 6:  = 1 ms, consistent with the UL/DL transition time requirement for half-duplex FDD.
Proposal 7: FFS whether to derive the inter-frequency measurement period requirements based on the exact value of , possibly applicable to a limited set of scenarios, or by using an upper bound for .
Proposal 8: The following steps are applied to derive the inter-frequency measurement period requirement per carrier without DRX
1. Choose the duplexing mode (FDD/TDD) and carrier type (anchor, non-anchor).
2. For TDD, choose the UL/DL configuration.
3. Calculate  and  for all applicable values of .
4. Calculate .
5. Given  = 800 ms for NRS-based measurements in normal coverage, calculate the required number of measurement occasions: .
6. Calculate the number of available measurement occasions per NPDDCH period: .
7. Set .
8. For , the measurement period is given by

9. For , the measurement period is given by

Observation 2: It may not be necessary to capture the steps above (Proposal 8) in the specifications.
Proposal 10: RAN4 should send an LS to RAN2 informing RAN2 that our analysis shows that, in many scenarios, it would be beneficial for the UE to indicate when it needs to start performing inter-frequency measurements so that the serving cell may create measurement opportunities for the UE.
(continued)

Proposal 11: The intra-frequency measurement and cell detection requirements in connected mode when the target cell is in normal coverage.
When DRX is not configured:
· Tdetect_intra = 1400 ms
· Tmeasure_intra = 800 ms for NRS-based measurement
· Tmeasure_intra = 1600 ms for NSSS-based measurement
When DRX is configured:
· Tdetect_intra  is FFS
· Tmeasure_intra = 5 DRX cycles.
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Appendix
Below we include tables showing final and intermediate results of applying the steps in proposal 8 to FDD non-anchor carrier to the derive the inter-frequency measurement period per carrier and without DRX. The calculations assume that all subframes are valid DL NB-IoT subframes where NPDCCH can be transmitted. i.e.  = . Parameter values in proposals 2, 3, 5 and 6 are used in the calculations.
	T_NPDCCH
	
	Rmax (npdcch-NumRepetitions)

	 
	 
	1
	2
	4
	8
	16
	32
	64
	128
	256
	512
	1024
	2048

	 
G (npdcch-StartSF-USS)
	1.5
	4
	4
	6
	12
	24
	48
	96
	192
	384
	768
	1536
	3072

	
	2
	4
	4
	8
	16
	32
	64
	128
	256
	512
	1024
	2048
	4096

	
	4
	4
	8
	16
	32
	64
	128
	256
	512
	1024
	2048
	4096
	8192

	
	8
	8
	16
	32
	64
	128
	256
	512
	1024
	2048
	4096
	8192
	16384

	
	16
	16
	32
	64
	128
	256
	512
	1024
	2048
	4096
	8192
	16384
	32768

	
	32
	32
	64
	128
	256
	512
	1024
	2048
	4096
	8192
	16384
	32768
	65536

	
	48
	48
	96
	192
	384
	768
	1536
	3072
	6144
	12288
	24576
	49152
	98304

	
	64
	64
	128
	256
	512
	1024
	2048
	4096
	8192
	16384
	32768
	65536
	131072


Table 2: NPDCCH monitoring period (ms)

	L_NPDCCH
	
	Rmax (npdcch-NumRepetitions)

	 
	
	1
	2
	4
	8
	16
	32
	64
	128
	256
	512
	1024
	2048

	 
G (npdcch-StartSF-USS)
	1.5
	1
	2
	4
	8
	16
	32
	64
	128
	256
	512
	1024
	2048

	
	2
	1
	2
	4
	8
	16
	32
	64
	128
	256
	512
	1024
	2048

	
	4
	1
	2
	4
	8
	16
	32
	64
	128
	256
	512
	1024
	2048

	
	8
	1
	2
	4
	8
	16
	32
	64
	128
	256
	512
	1024
	2048

	
	16
	1
	2
	4
	8
	16
	32
	64
	128
	256
	512
	1024
	2048

	
	32
	1
	2
	4
	8
	16
	32
	64
	128
	256
	512
	1024
	2048

	
	48
	1
	2
	4
	8
	16
	32
	64
	128
	256
	512
	1024
	2048

	
	64
	1
	2
	4
	8
	16
	32
	64
	128
	256
	512
	1024
	2048


Table 3: Maximum duration of NPDCCH candidate (ms)


	T_avail
	
	Rmax (npdcch-NumRepetitions)

	 
	
	1
	2
	4
	8
	16
	32
	64
	128
	256
	512
	1024
	2048

	 
G (npdcch-StartSF-USS)
	1.5
	0
	0
	0
	0
	2
	10
	26
	58
	122
	250
	506
	1018

	
	2
	0
	0
	0
	2
	10
	26
	58
	122
	250
	506
	1018
	2042

	
	4
	0
	0
	6
	18
	42
	90
	186
	378
	762
	1530
	3066
	6138

	
	8
	1
	8
	22
	50
	106
	218
	442
	890
	1786
	3578
	7162
	14330

	
	16
	9
	24
	54
	114
	234
	474
	954
	1914
	3834
	7674
	15354
	30714

	
	32
	25
	56
	118
	242
	490
	986
	1978
	3962
	7930
	15866
	31738
	63482

	
	48
	41
	88
	182
	370
	746
	1498
	3002
	6010
	12026
	24058
	48122
	96250

	
	64
	57
	120
	246
	498
	1002
	2010
	4026
	8058
	16122
	32250
	64506
	129018


Table 4: Available measurement time (ms)

	N_avail
	
	Rmax (npdcch-NumRepetitions)

	 
	
	1
	2
	4
	8
	16
	32
	64
	128
	256
	512
	1024
	2048

	 
G (npdcch-StartSF-USS)
	1.5
	0
	0
	0
	0
	0
	0
	0
	1
	1
	3
	5
	10

	
	2
	0
	0
	0
	0
	0
	0
	1
	1
	3
	5
	10
	20

	
	4
	0
	0
	0
	0
	0
	1
	2
	4
	8
	15
	31
	61

	
	8
	0
	0
	0
	1
	1
	2
	4
	9
	18
	36
	72
	143

	
	16
	0
	0
	1
	1
	2
	5
	10
	19
	38
	77
	154
	307

	
	32
	0
	1
	1
	2
	5
	10
	20
	40
	79
	159
	317
	635

	
	48
	0
	1
	2
	4
	7
	15
	30
	60
	120
	241
	481
	963

	
	64
	1
	1
	2
	5
	10
	20
	40
	81
	161
	323
	645
	1290


Table 5: Number of available occasions per NPDCH period


	T_meas
	
	Rmax (npdcch-NumRepetitions)

	 
	
	1
	2
	4
	8
	16
	32
	64
	128
	256
	512
	1024
	2048

	 
G (npdcch-StartSF-USS)
	1.5
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	3064
	6072
	4408
	5688
	5676

	
	2
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	2040
	4024
	2872
	3640
	3628
	3604

	
	4
	N/A
	N/A
	N/A
	N/A
	N/A
	2008
	2012
	2020
	2036
	2616
	2580
	3604

	
	8
	N/A
	N/A
	N/A
	1024
	1992
	1980
	1956
	1808
	1812
	2068
	2580
	3604

	
	16
	N/A
	N/A
	1020
	1984
	1964
	1624
	1644
	1684
	1812
	2068
	2580
	3604

	
	32
	N/A
	1018
	1980
	1956
	1608
	1612
	1620
	1684
	1812
	2068
	2580
	3604

	
	48
	N/A
	1498
	1504
	1516
	1708
	1624
	1620
	1684
	1812
	2068
	2580
	3604

	
	64
	1017
	1978
	1952
	1600
	1596
	1588
	1620
	1684
	1812
	2068
	2580
	3604


[bookmark: _Ref92545514]Table 6: Measurement period requirement for FDD non-anchor carrier (ms)
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