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Discussion and decision
1 Introduction
The purpose of this email discussion is to study the NB-IoT RLF procedure and provide summary as per below email discussion:
· [Post111-e][923][NBIOT R17] RLF Enhancements (Qualcomm)


Scope: Study current RLF procedure to understand the time taken to select the cell for access. Start and end points FFS.

Intended outcome: report to next meeting


Deadline: Long

2 NB-IoT RLF procedure overview
This section describes the RLF procedure according to Release 16 specification [2]. The following timers and counters are applicable in NB-IoT for RLF detection: T310, N310.
Note: Early detection of physical layer problems is not applicable to NB-IoT.
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Figure 1 Overview of RLF
Question 1: 
Do you agree with the RLF procedure as depicted in Figure 1?
	Company
	Yes/No
	If No, suggest changes

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	


The objective of the WID [1] is to reduce the total data transfer interruption time by reducing the time for cell reselection between Ref point C and Ref point D. RAN4 specifies the period between Ref point C and Ref point D as TUE-re-establish_delay_NB-IoT [6].
Question 2: 
Do you agree the WID objective is to reduce the time between Ref point C and Ref point D as depicted in Figure 1?
	Company
	Yes/No
	If No, provide your view on the reference points

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	


Question 3: 
If answer to above question is Yes, then do you agree the time between Ref point C and Ref point D is used to measure the performance of the solutions to WID objective?
	Company
	Yes/No
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	


3 Cell selection upon RLF

In TS 36.304 [3], three different categories of cell selection are defined:

· Category 1: Initial cell selection: UE has no knowledge of what frequency bands are used in the area.
· Category 2: Stored information cell selection: UE knows what frequency bands are used in the area and in some cases centre frequencies. 
· Category 3: Cell selection when leaving connected mode: UE knows frequency of the serving and neighbour cells.
Generally, category 1 takes the longest time to select a suitable cell while category 3 takes the shortest time to select a suitable cell and UE generally follows category 3 for cell selection upon RLF i.e. UE knows upon releasing dedicated resources which cell(s) to attempt measurements and then camp on. 

Question 4: 
Do you agree following RLF the UE follows Cell selection when leaving connected mode?
	Company
	Yes/No
	Comments to support your answer

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	


Cell selection generally involves the following steps for each NB-IoT carrier frequency:
1. Detect and measure NB-IoT cell (i.e. NPSS/NSSS detection and RSRP/RSRQ measurement [4])

2. MIB-NB acquisition

3. SIB1-NB acquisition

Only after performing all these 3 steps can UE camp on the cell, acquire SIB2-NB, optionally SIB22-NB and initiate random access. After step 1 UE knows whether a carrier is a NB-IoT carrier and meets the minimum RF requirements and after step 3 UE knows whether it can (e.g. cell is not barred) camp on this cell for normal service. 
The periodicity for the various signals/messages used for cell selection are shown in Table 1.

Table 1 Periodicity for NPSS, NSSS, MIB-NB and SIB1-NB

	Step
	Signal/

Message
	Periodicity (ms)

	1
	NPSS
	10 [4]

	1
	NSSS
	20 [4]

	2
	MIB-NB
	640 [2]

	3
	SIB1-NB
	2560 [2]


For each NB-IoT carrier, the three steps are done in a sequence hence the total time taken is simply aggregation of time take by step 1, 2 and 3. The total time to receive both NPSS and NSSS is shown in Figure 1.
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Figure 2 NPSS/NSSS timing and example maximum detection time
The actual time to synchronize to the cell (i.e. decode NPSS and NSSS) depends on radio condition and whether cell is known. RAN4 has specified timing requirements for cell detection (Tsearch_NB1-NC) considering these two aspects and these are shown in Table 2 [6].
Table 2 Time to detect a NB-IoT cell
	Step
	Tsearch_NB1-NC (ms)

	Target cell known, any coverage
	0

	Target cell unknown, any coverage, decode on first attempt
	80

	Target cell unknown – normal coverage
	1400

	Target cell unknown – enhanced coverage
	14800


For eMTC, the definition of ‘target cell known’ is: 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. But there is no such definition provided for NB-IoT and propose the same definition can be used in NB-IoT.

Question 5: 
For NB-IoT, assume definition of ‘target cell known’ as: 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?

	Company
	Yes/No
	If No, provide alternative definition

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	


Question 6: 
The time to synchronize to the cell upon RLF depends on coverage level?
	Company
	Yes/No
	Comments to support your answer

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	


If a cell is known then total time to synchronize is 0 ms and as long as this cell fulfils the cell selection criteria defined in 36.304 [3] (i.e. Srxlev and Srxqual > 0) then UE can attempt to camp on the cell.
Assuming UE knows frequency of NB-IoT cells but all cells are unknown then the total time to detect all cells is aggregation of the time taken to synchronize to each NB-IoT cell.

Question 7: 
Do you agree for the purpose of this analysis, all cells are assumed to be unknown i.e. no cell meets the definition of ‘target cell is known’?
	Company
	Yes/No
	Comments to support your answer

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	


Question 8: 
Any other aspects of RLF detection and re-establishment?

	Company
	Aspect (classify whether it as RLF detection or re-establishment) 

	
	

	
	

	
	

	
	

	
	


4 Summary

TBD
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