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1	Introduction
RAN4 has received a LS on CONNECTED mode neighbor cell measurements for NB-IOT for reducing the time between UE declaring RLF (point C) to the time UE performs RRC re-establishment on another cell (point D) [1]. The LS contains numerous questions that are addressed in this contribution and the draft LS response is provided in the Appendix.  
2	Discussions
The scenarios under consideration for improving the time between point C and D are listed below [1]:
	Scenario
	Serving & Neighbour cell anchor carrier frequency
	UE connected mode operating Frequency

	A
	Intra-frequency
	Anchor carrier

	B
	Intra-frequency
	Non-Anchor carrier

	C
	Inter-frequency
	Non-Anchor carrier but same as Neighbour cell Anchor carrier

	D
	Inter-frequency
	Anchor carrier

	E
	Inter-frequency
	Non-Anchor carrier but different from Neighbour cell Anchor carrier



Based on these scenarios we go through the questions in the LS and provide our views. 
1. Can UE perform measurements on neighbour anchor for RRC reestablishment, before RLF is declared, without measurement gaps and what would the conditions be?

There are different ways the UE can measure on neighbour anchor carrier without measurement gaps for RRC re-establishment before RLF as described below. 
The first important factor that affects how the UE measures on the target neighbour cell is whether the serving and target carriers are overlapping (intra-frequency carrier) or non-overlapping (inter-frequency carrier). 
The second important factor is related to when to start the measurement. Our view is that UE starts the measurements as soon it identifies degradation of the current link. To have sufficient time to complete the measurement before RLF is triggered, it is proposed that UE starts the measurement on the neighbour cell when RLF timer (T310) is started or when detecting tan X number of out-of-sync indications, where X can be further discussed.   

Intra-frequency measurements:
In the case of intra-frequency carrier, the UE does not need to retune its receiver to perform measurement on the target cell, instead the UE can measure anytime regardless of UE scheduling because the UE can keep the same downlink carrier frequency. 
Inter-frequency measurements:
The measurements on inter-frequency carriers requires the UE to retune its receiver to perform measurement on the target cell and this may have an impact on the serving cell performance as the UE won’t be available for reception/transmissions during this time. Therefore, it is important that the retuning and measurement of the target inter-frequency cell is performed over time periods where the UE is expected to be less active or completely inactive with respect to serving cell. Thus, we propose that the inter-frequency measurements (both detection and measurements) are performed during the DRX inactive period (DRX OFF duration). 
In addition, if the serving cell is on the anchor carrier, the UE may need to avoid impact on the DL subframes (#0, #4, #5 in every frame and #9) which contains anchor specific signals. 
· Proposal #1: Upon starting of RLF timer (T310) or detecting an X number of out-of-sync indications, the UE starts detecting and measuring on the target intra-frequency cell anytime, X is TBD.
· Proposal #2: Upon starting of RLF timer (T310) or detecting an X number of out-of-sync indications, the UE starts detecting and measuring on the target inter-frequency cell during the DRX inactive period if currently served by a non-anchor carrier. 
· Proposal #3: Upon starting of RLF timer (T310) or detecting an X number of out-of-sync indications, the UE starts detecting and measuring on the target inter-frequency cell during the DRX inactive period excluding subframes (#0, #4, #5 in every frame and #9) if currently served by an anchor carrier. 

2. How long does it take to perform cell detection both in normal and in extended coverage?

It shall be noted that currently there are no explicit requirements for neighbor cell detection in CONNECTED mode. However, the RRC re-establishment delay requirements contain Tsearch for both normal and enhanced coverage, and is defined as follows [2]:

		Tsearch_NB1-NC: It is the time required by the UE to search the target cell:
	If the target cell is known, then Tsearch_NB1-NC = 0 ms. If the target cell is unknown and signal quality is sufficient for successful cell detection on the first attempt, then Tsearch_NB1-NC = 80 ms. Otherwise, Tsearch_NB1-NC = 1400 ms.
….
-	Tsearch_NB1-EC: It is the time required by the UE to search the target cell:
-	If the target cell is known, then Tsearch_NB1-EC = 0 ms. If the target cell is unknown and signal quality is sufficient for successful cell detection on the first attempt, then Tsearch_NB1-EC = 80 ms. Otherwise, Tsearch_NB1-EC = 14800 ms.



The delay to detect a cell assuming that the target cell is unknown including all attempts that are required to reliably detect the cell gives the longest delay, i.e. worst case. It is noted that Tsearch comprises both cell detection and cell measurements over a L1 measurement period. Thus, the time required to perform cell detection and a measurement on another cell can be reused from the corresponding Tsearch value in the RRC re-establishment delay requirements.

· Proposal #4: Time required to perform cell detection and a measurement on another cell in normal and enhanced coverage are 1400 ms and 14800 ms respectively in non-DRX.

As discussed in previous question, the inter-frequency detection can be performed during DRX inactive period for which the delays can be reused from the corresponding IDLE mode cell reselection section 4.6 in [2]. Example is shown for the inter-frequency normal coverage detection requirements below: 
	DRX cycle length [s]
	Tdetect,NB_Inter_ NC [s] (number of DRX cycles)

	0.32
	26 (80)

	0.64
	26 (40)

	1.28
	51 (40)

	2.56
	51 (20)

	5.12
	102 (20)

	10.24
	102 (10)


Table 1 Inter-frequency cell detection in normal coverage in DRX
  
	SCH Ês/Iot of neighboring cell: Q2
	DRX cycle length [s]
	Tdetect,NB_Inter_ EC [s] (number of DRX cycles)

	-15≤ Q2 < -6
	0.32
	256 (800)

	
	0.64
	266 (415)

	
	1.28
	532 (415) 

	
	2.56
	532 (208) 

	
	5.12
	1063 (208) 

	
	10.24
	1063 (104) 

	Q2-6
	0.32
	26 (80)

	
	0.64
	29 (45)

	
	1.28
	58 (45)

	
	2.56
	59 (23)

	
	5.12
	113 (22)

	
	10.24
	113 (11)


Table 2 Inter-frequency cell detection in enhanced coverage in DRX

· Proposal #5: Time required to perform cell detection and a measurement on another cell in normal and enhanced coverage are as defined in Table 1 and 2 for normal and enhanced coverage respectively in DRX.

3. For how long the neighbour cell can be considered as known after it has been detected/re-confirmed?

Current specification contains no definition of when a detected NB-IoT cell is considered known and unknown. The known and unknown cells are defined as follows for cat-M1 in RRC re-establishment delay requirements in clause 6.7.2.1:

	Tsearch is the time required by the UE to search the target cell. Tsearch =100 ms if the target cell is known by the UE. Otherwise, Tsearch is specified in relevant intra-frequency cell identification requirements as described in Clause 8.13.2.1 for a UE configured with CEModeA. Regardless of whether DRX is in use by the UE, Tsearch shall still be based on non-DRX target cell search times.
In the above requirement, a cell is known if it has been meeting the relevant cell identification requirement for a time duration equal to or longer than the time duration required for the cell identification. Otherwise, it is unknown.



In our view a similar assumption can also be made for NB-IoT regarding how long a cell is considered known and unknow after detection. 

· Proposal #6: A NB-IoT cell is considered known if it has been meeting the relevant cell identification requirement for a time duration equal to or longer than the time duration required for the cell identification (Tsearch). Otherwise, the cell is considered unknown.  



4. How long does it take to perform NRSRP measurements?
The CONNECTED mode intra-frequency serving cell NRSRP requirements are specified in section 8.14.2 and 8.14.3 in [2] for normal and enhanced coverage respectively. Currently there is no support for neighbor cell measurement requirements in CONNECTED mode. The non-DRX measurement period for the serving cell is defined as follows:


· Proposal #7: The non-DRX measurement delay for NRSRP on intra-frequency serving cell is as follows:

	Coverage mode
	Measurement period

	
	NRS based NRSRP
	NSSS based NRSRP

	Normal coverage
	800 ms
	1600 ms

	Enhanced coverage
	1600 ms
	1600 ms


Table 3 Measurement period in CONNECTED mode for normal and enhanced coverage in non-DRX

The corresponding measurement delay in DRX are as follows [1]:
	DRX cycle length (s)
	Tmeasure_intra (s) (DRX cycles)

	0.256<DRX-cycle≤10.24
	Note1 (5)

	Note1:	Time depends upon the DRX cycle in use


Table 4 Measurement period in CONNECTED mode in DRX
However, it shall be noted that since Tsearch already includes one L1 RSRP measurement, this additional measurement period is not always needed unless the UE is explicitly configured for measurement reporting which is not the case for NB-IoT.

· Proposal #8: The DRX measurement delay for NRSRP on intra-frequency serving cell comprises of 5 DRX cycles for both normal and enhanced coverage. 

5. For how long the NRSRP measurements can be considered as valid?
How long the NRSRP measurement can be considered valid depends on many factors such as UE mobility, measurement change, measurement configuration, other ongoing procedures, etc. It further depends on whether UE is in non-DRX or DRX. In the former case, UE measures very frequently as it is in active mode while it measures every DRX cycle in the latter case. All in all, it is not possible to reply to this question with a single answer as it depends on many factors and also on the intended use case. 

· Proposal #9: How long NRSRP measurement can be considered valid depends on many factors including UE mobility state (e.g. static or moving) and also on the intended use case. 


3		Summary
In this contribution we have discussed and provided our views on the questions listed in the RAN2 LS. Based on these discussions, we have prepared a draft response LS found in Appendix below. 
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1. Overall Description:
RAN4 would like to thank RAN2 for LS on CONNECTED mode neighbour cell measurements in R2-2102165. RAN4 has discussed the questions raised in this LS and have concluded on following responses:
Q1: Can UE perform measurements on neighbour anchor for RRC reestablishment, before RLF is declared, without measurement gaps and what would the conditions be?

[bookmark: _Hlk63254759][RAN4 Response]: RAN4 has discussed and identified ways of measuring on neighbour anchor cell for RRC reestablishment before RLF is declared as follows:
· Upon starting of RLF timer (T310) or detecting an X number of out-of-sync indications, the UE starts detecting and measuring on the target intra-frequency cell anytime, X is TBD.
· Upon starting of RLF timer (T310) or detecting an X number of out-of-sync indications, the UE starts detecting and measuring on the target inter-frequency cell during the DRX inactive period if currently served by a non-anchor carrier. 
· Upon starting of RLF timer (T310) or detecting an X number of out-of-sync indications, the UE starts detecting and measuring on the target inter-frequency cell during the DRX inactive period excluding subframes (#0, #4, #5 in every frame and #9) if currently served by an anchor carrier. 

Q2: How long does it take to perform cell detection both in normal and in extended coverage?
[RAN4 Response]: RAN4 had discussed and agreed on the following:
· Time required to perform cell detection and a measurement on another cell in normal and enhanced coverage are 1400 ms and 14800 ms respectively in non-DRX.

· Time required to perform cell detection and a measurement on another cell in normal and enhanced coverage are as defined as below for normal and enhanced coverage respectively in DRX:
	· DRX cycle length [s]
	Tdetect,NB_Inter_ NC [s] (number of DRX cycles)

	0.32
	26 (80)

	0.64
	26 (40)

	1.28
	51 (40)

	2.56
	51 (20)

	5.12
	102 (20)

	10.24
	102 (10)


Table 1 Inter-frequency cell detection in normal coverage in DRX
  
	SCH Ês/Iot of neighboring cell: Q2
	DRX cycle length [s]
	Tdetect,NB_Inter_ EC [s] (number of DRX cycles)

	-15≤ Q2 < -6
	0.32
	256 (800)

	
	0.64
	266 (415)

	
	1.28
	532 (415) 

	
	2.56
	532 (208) 

	
	5.12
	1063 (208) 

	
	10.24
	1063 (104) 

	Q2-6
	0.32
	26 (80)

	
	0.64
	29 (45)

	
	1.28
	58 (45)

	
	2.56
	59 (23)

	
	5.12
	113 (22)

	
	10.24
	113 (11)


Table 2 Inter-frequency cell detection in enhanced coverage in DRX

Q3: For how long the neighbour cell can be considered as known after it has been detected/re-confirmed?

[RAN4 Response]: RAN4 had discussed and agreed on the following:
· A NB-IoT cell is considered known if it has been meeting the relevant cell identification requirement for a time duration equal to or longer than the time duration required for the cell identification (Tsearch). Otherwise, the cell is considered unknown.  

Q4: How long does it take to perform NRSRP measurements?

[RAN4 Response]: RAN4 had discussed and agreed on the following:
· The non-DRX measurement delay for NRSRP on intra-frequency serving cell is as follows:

	Coverage mode
	Measurement period

	
	NRS based NRSRP
	NSSS based NRSRP

	Normal coverage
	800 ms
	1600 ms

	Enhanced coverage
	1600 ms
	1600 ms



· The DRX measurement delay for NRSRP on intra-frequency serving cell comprises of 5 DRX cycles for both normal and enhanced coverage. 

Q5: For how long the NRSRP measurements can be considered as valid?

[RAN4 Response]: RAN4 had discussed and agreed on following:
· How long NRSRP measurement can be considered valid depends on many factors including UE mobility state (e.g. static or moving) and also on the intended use case. 

2. To RAN WG1 group. 
ACTION: 	RAN4 respectfully asks RAN2 to take the above agreements into account.

3. Date of Next TSG-RAN WG4 Meetings:
TSG-RAN4 Meeting #99-e		Electronic Meeting
TSG-RAN4 Meeting #100		Electronic Meeting
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