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1	Introduction
RAN4 is expecting an incoming LS from RAN2 [1] in RAN4 98-bis-e. The LS is on neighbour cell measurement for NB-IoT devices in connected mode. The key part of the LS is copied in the table below.
	RAN2 has also identified the scenarios shown in the table below that needs to be considered for NB-IoT connected mode neighbour cell measurements for RRC re-establishment to a target cell.

	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




For each of the above scenario, RAN2 has the following questions:
1. Can UE perform measurements on neighbour anchor for RRC reestablishment, before RLF is declared, without measurement gaps and what would the conditions be?
2. How long does it take to perform cell detection both in normal and in extended coverage?
3. For how long the neighbour cell can be considered as known after it has been detected/re-confirmed?
4. How long does it take to perform NRSRP measurements?
5. For how long the NRSRP measurements can be considered as valid?


This paper provides our view on the above issues and provide a draft reply LS.
2	Discussion
Looking at RAN2 discussion histories, we notice slow progress in RAN2 and it is intended for RAN4 to help provide instructions regarding the questions in the LS to facilitate RAN2 work.
First of all, we provide some comments on the scenarios identified by RAN2. Intra-frequency measurements and inter-frequency measurements / measurements on anchor carrier or non-anchor carriers are fundamentally different since if the MO is on another carrier frequency other than the serving cell, then RF retuning time is needed by the UE. Longer delay would be expected in this case. For non-anchor carriers, the UE needs to retune the RF as well even if the measurement is intra-frequency.
	Scenario
	Serving & Neighbour cell anchor carrier frequency
	UE connected mode operating Frequency
	comments

	A
	Intra-frequency
	Anchor carrier
	No RF retuning time is needed.

	B
	Intra-frequency
	Non-Anchor carrier
	UE needs to retune its RF when measuring neighbor cell

	C
	Inter-frequency
	Non-Anchor carrier but same as Neighbour cell Anchor carrier
	UE doesn’t need to retune its RF when measuring neighbor cell

	D
	Inter-frequency
	Anchor carrier
	RF retuning time is needed.

	E
	Inter-frequency
	Non-Anchor carrier but different from Neighbour cell Anchor carrier
	RF retuning time is needed.


After identifying on the need for RF retuning time before and after the measurement periods, we can proceed to analyze other factors.
To answer question 1, we think it is totally feasible to conduct such measurements without gaps. This is feasible since even without gaps, there are vacant slots which are not scheduled for data transmission. The triggering condition for such measurements can be the deteriorates in the serving cell channel quality. If the channel quality is decreasing (or below a threshold), the UE can start such measurements.
It is totally feasible to conduct such measurements without gaps. The triggering condition for such measurements can be the deteriorates in the serving cell channel quality.
For question 2, for the measurement behavior in connected mode, we propose to allow the UE to do one-shot measurement. Periodical measurements with filtering requires longer measurement time and larger power consumption and cannot be guaranteed without gaps. If the RRC reestablishment procedure may occur immediately or very shortly after the measurement, one-shot measurement would also serve the need. 
One-shot measurement is to be used by the UE for neighbor cell measurements.
As to the time needed, for the UE in enhanced coverage, it takes more time to detect the signals. According to 6.5.2 in TS 36.133 [4], the time Tsearch_NB1-NC, which is the time UE spends on searching the target cell, depends on the coverage level of UE, e.g., Tsearch_NB1-NC = [1400] ms for UE in normal coverage and Tsearch_NB1-EC = [14800] ms for UE in enhanced coverage. In order to further define the details of measurement in connected mode, we can used these values as a rough estimation for the required total measurement time for UE to perform neighbor cell measurements.
With rough estimation for the required total measurement time, we could have some assumptions about the measurements. For neighbor cell measurement in the same frequency, it’s easy for UE to perform the signals detection and measurement in a time duration equal to or slightly longer than Tsearch_NB1-NC. Thus, we suggest to use the above values in TS 36.133 as baseline.
Tsearch_NB1-NC = 1400 ms for UE in normal coverage and Tsearch_NB1-EC = 14800 ms for UE in enhanced coverage. 
In RAN2, there were some discussions on the definition of known cell and on whether NB-IoT already has such definition. No agreement has been made. Thus, in the LS [1], RAN2 asks question 2 and 3.
For NB-IoT, during the RRC reestablishement procedure, the searching time of the target cell can be considered as zero only when the target cell is known. In order to shorten the searching time, the purpose of introducing the measurement in connected mode is to determine a known cell as early as possible. Therefore, the measurement in connected mode should at least satisfy the requirements for determining a known cell. 
In LTE, the target cell is known if it has been measured by the UE in the last 5 seconds. For eMTC, the target cell is known if it has met the relevant cell identification requirement for a time duration equal to or longer than the time duration required for the cell identification. For NB-IoT, we think there has not yet had such definition about whether a cell is known, and we cannot directly re-use the definition for eMTC. Thus, the definition of the known cell in NB-IoT needs to be figured out.
In our understanding, for the static or low mobility NB-IoT UE, the channel quality changes slowly, the measurement results can be considered as valid for a period of time. In this way, for NB-IoT, we can assume a neighbor cell is known if it has been measured by the UE within a period of time, and thus, the channel condition hardly changes. 
For question 3 raised in the LS specifically, we don’t see the clear definition of re-confirmed. In our understanding, the target cell can simply be classified as known or unknown and the concept of re-confirmed seems not needed since it is the same as detected. Once a cell is known, as long as the definition is still met, it will remain known without the need to re-confirm it.
For the specific value, we propose 5 seconds. This is aligned with the definition of known cell in LTE and we think that it is quite reasonable.
A neighbor cell is known if it has been detected by the UE within 5 seconds.
As to question 4, for neighbor cell measurement in the same frequency, UE can perform measurement and data transmission simultaneously. It’s easy for UE to perform the signals detection and measurement in a time duration longer than Tsearch_NB1-NC or Tsearch_NB1-EC.  
However, for neighbor cell measurement that operates on a different carrier frequency compared with the downlink dedicated carrier, UE needs to retuning its RF to the target carrier that would cause data transmission interruption. If UE performs measurement continuously, e.g., lasting for N * Tsearch_NB1-NC, it may cause too long data transmission interruption. Moreover, for UE in enhanced coverage, it is almost impossible for UE to find such a long gap (such as a gap lasting 14800ms) without data transmission. Therefore, we think continuous measurement in a one-shot measurement may be infeasible in more cases. Instead, if no enough time gap for measurement, UE can choose to perform measurement occasionally. 
NB-IoT UE can perform measurement occasionally.
In order to evaluate the length of measurement duration and measurement occasion, two assumptions are needed. 1) At least the synchronization signals and reference signals need to be measured for neighbor cells. 2) If network can know the exact timing of the neighbor cells, the time length for measuring these signals may be further reduced.
Therefore, the minimum length of a measurement occasion can be 21ms. In some scenarios it can be 6ms for Frame structure type 1 and 7ms for Frame structure type 2. 
The minimum length of a measurement occasion can be 21ms. In some scenarios it can be 6ms for Frame structure type 1 and 7ms for Frame structure type 2. 
As to question 4, for scenario B, D and E, several measurement occasions might be needed.
For question 5, this question looks quite similar as question 3. We suggest to simply re-use the time period defined for Question 3 and avoid any confusion.
For question 5, re-use the time period defined for Question 3 and avoid any confusion.
To summarize, the answers for all the questions with respect to every scenario are given as following:

	Scenario
	Question 1
	Question 2
	Question 3
	Question 4
	Question 5

	A(Intra-frequency)
	It’s possible for UE to perform measurements on neighbor anchor for RRC reestablishment without measurement gaps. 

The triggering condition can be deteriorates in the serving cell quality.
	One-shot measurement is to be used by the UE for neighbor cell measurements.
Tsearch_NB1-NC = 1400 ms for UE in normal coverage and Tsearch_NB1-EC = 14800 ms for UE in enhanced coverage. 
	A neighbor cell is known if it has been detected by the UE within 5 seconds.
	This time length is related to the answer of Question 2.
	This question looks similar as question 3. Suggest to re-use the time period defined for Question 3.

	B(Intra- frequency with retuning)
	Same as Scenario A
	Longer than Scenario A
	Same as Scenario A
	This time length is related to the answer of Question 2.
Moreover, UE needs to perform measurement occasionally.
The minimum length of a measurement occasion can be 21ms. In some scenarios it can be 6ms for Frame structure type 1 and 7ms for Frame structure type 2.
Several measurement occasions might be needed. 
	Same as Scenario A

	C(Inter-frequency without retuning)
	Same as Scenario A
	Same as Scenario A
	Same as Scenario A
	Same as Scenario A
	Same as Scenario A

	D(Inter- frequency)
	Same as Scenario A
	Longer than Scenario A
	Same as Scenario A
	Several measurement occasions might be needed.
	Same as Scenario A

	E(Inter- frequency)
	Same as Scenario A
	Longer than Scenario A
	Same as Scenario A
	Several measurement occasions might be needed. 
	Same as Scenario A


Agree on the answers in the table to be provided in the reply LS.
3	Conclusion
Proposal 1: It is totally feasible to conduct such measurements without gaps. The triggering condition for such measurements can be the deteriorates in the serving cell channel quality.
Proposal 2: One-shot measurement is to be used by the UE for neighbor cell measurements.
Proposal 3: Tsearch_NB1-NC = 1400 ms for UE in normal coverage and Tsearch_NB1-EC = 14800 ms for UE in enhanced coverage.
Proposal 4: A neighbor cell is known if it has been detected by the UE within 5 seconds.
Proposal 5: NB-IoT UE can perform measurement occasionally.
Proposal 6: The minimum length of a measurement occasion can be 21ms. In some scenarios it can be 6ms for Frame structure type 1 and 7ms for Frame structure type 2.
Proposal 7: As to question 4, for scenario B, D and E, several measurement occasions might be needed.
Proposal 8: For question 5, re-use the time period defined for Question 3 and avoid any confusion.
Proposal 9: Agree on the answers in the table to be provided in the reply LS.
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1. Overall Description:
In RAN4 98-bis-e, a LS [1] is received from RAN2 in which 5 questions on neighbour cell measurements for NB-IoT devices in connected mode are asked. RAN4 has reached consensus on the answers for different scenarios, which are provided in the table below.
	Scenario
	Question 1
	Question 2
	Question 3
	Question 4
	Question 5

	A(Intra-frequency)
	It’s possible for UE to perform measurements on neighbor anchor for RRC reestablishment without measurement gaps. 

The triggering condition can be deteriorates in the serving cell quality.
	One-shot measurement is to be used by the UE for neighbor cell measurements.
Tsearch_NB1-NC = 1400 ms for UE in normal coverage and Tsearch_NB1-EC = 14800 ms for UE in enhanced coverage. 
	A neighbor cell is known if it has been detected by the UE within 5 seconds.
	This time length is related to the answer of Question 2.
	This question looks similar as question 3. Suggest to re-use the time period defined for Question 3.

	B(Intra- frequency with retuning)
	Same as Scenario A
	Longer than Scenario A
	Same as Scenario A
	This time length is related to the answer of Question 2.
Moreover, UE needs to perform measurement occasionally.
The minimum length of a measurement occasion can be 21ms. In some scenarios it can be 6ms for Frame structure type 1 and 7ms for Frame structure type 2.
Several measurement occasions might be needed. 
	Same as Scenario A

	C(Inter-frequency without retuning)
	Same as Scenario A
	Same as Scenario A
	Same as Scenario A
	Same as Scenario A
	Same as Scenario A

	D(Inter- frequency)
	Same as Scenario A
	Longer than Scenario A
	Same as Scenario A
	Several measurement occasions might be needed.
	Same as Scenario A

	E(Inter- frequency)
	Same as Scenario A
	Longer than Scenario A
	Same as Scenario A
	Several measurement occasions might be needed. 
	Same as Scenario A
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2. Actions:
To RAN WG2 group.
ACTION: 	RAN4 respectfully asks RAN2 to take the above information into consideration in the future work.

3. Reference:
[1] R2-2102165

4. Date of Next TSG-RAN WG4 Meetings:
TSG-RAN4 #99-e						19th – 27th May 2021 		Online
TSG-RAN4 #100						              23th – 27th August 2021 		Toulouse



