


3GPP TSG-RAN WG4 Meeting #98-bis-e	R4-2106345
Online Meeting, Apr 12 – 20, 2021


Agenda item:	12.1
Source: 	Qualcomm Incorporated
Title: 	Discussion of neighbor cell measurements in RRC_CONNECTED for Rel-17 NB-IoT 
Document for:	Discussion
Introduction
RAN4 has received an LS from RAN2 inquiring about requirements for NB-IoT neighbor cell measurements in RRC_CONNECTED to be specified as part of further enhancements to NB-IoT in Release 17 [1]. In the LS, RAN2 identified five scenarios of interest shown in the table below.
	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


[bookmark: _Ref68101890]Table 1: Scenarios of interest identified by RAN2
For each of the above scenarios, RAN2 posed the following questions:

1. [bookmark: _Hlk68104030]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?
[bookmark: _Hlk61613876]
In this paper, we discuss the questions above and provide our view on how to respond.
Discussion
Question 1
Can UE perform measurements on neighbour anchor for RRC reestablishment, before RLF is declared, without measurement gaps and what would the conditions be?
In Rel-16, an NB-IoT UE is allowed to perform intra-frequency measurements in RRC_CONNECTED. Measurement requirements are specified for serving cell measurements that may be used for the purpose of uplink power control. Measurements performed in RRC_CONNECTED are not reported by the UE to the network.
If new requirements for neighbor cell measurements in RRC_CONNECTED were added in Rel-17, in our view it would be reasonable to require the UE to perform gapless measurements only when the target frequency is the same as the serving frequency, the underlying assumption being that no interruptions in traffic would be allowed. Our understanding is that the new measurements would be performed on neighbor anchor carrier. Based on that understanding, only scenarios A and C in Table 1 would qualify as valid scenarios where the UE could make neighbor cell measurements without measurement gaps. If interruptions in traffic (autonomous gaps) were allowed, then other scenarios would be considered valid as well.
An alternate view may be taken under the assumption that neighbor cell measurements would be performed opportunistically in RRC_CONNECTED. In that case the requirements would be specified as best effort and measurements could be subject to long delays. That seems contrary to the goal of introducing these new measurements to help reduce RRC re-establishment delays.
The ability to measure neighbor cells in RRC_CONNECTED implies the ability to identify and detect new cells concurrently with other DL/UL processing. From the point of view of the UE, this would be perhaps the most impactful aspect of this new feature. We expect that this feature would be optional.
Proposal 1: The UE would be able to perform neighbor cell measurements in RRC_CONNECTED in scenarios A and C, assuming that no interruptions in traffic are allowed.
Question 2
How long does it take to perform cell detection both in normal and in extended coverage?
RAN2 can refer to the search time delay requirements below for unknown cells in normal coverage and enhanced coverage.
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.

Proposal 2: RAN2 may refer to the re-establishment delay requirements for NB-IoT UEs in TS 36.133 sections 6.5.2.1 and 6.5.2.2. The search times are defined by Tsearch_NB1-NC and Tsearch_NB1-EC.


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

The specification does not explicitly state the definition of “known cell” for NB-IoT. For Cat M1 UEs the current definition is given in TS 36.133 sections 6.7.2.1 and 6.7.2.2 in the context of RRC re-establishment delay requirements:

“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.”

Another possibility would be to apply the definition of known cell for LTE UEs in TS 36.133 section 6.1.2.1:

“the target PCell is known if it has been measured by the UE in the last 5 seconds”

RAN4 may discuss which one of these two definitions is better suited to NB-IoTs in the context of the new neighbor cell requirements to be introduced in Rel-17.

Proposal 3: RAN4 to discuss which definition of known cell to use for the new neighbor cell measurement requirements for NB-IoT UEs. At least two candidate options, one for LTE UEs and one for Cat M1 UEs, may be considered.
Question 4
How long does it take to perform NRSRP measurements?

For this question we may refer to the intra-frequency measurement requirements in TS 36.133 sections 8.14.2 and 8.14.3.
In RRC_CONNECTED without DRX, the measurement period for intra-frequency measurements (current requirement for serving cell only) is 800 ms in normal coverage and 1600 ms in enhanced coverage. With DRX in RRC_CONNECTED, the measurement period requirement is defined as 5 DRX cycles for both normal and enhanced coverage, i.e. ranging from ~1.3 s to ~50 s depending on the DRX cycle duration. The requirements apply when there is at least 1 DL subframe per radio frame from serving cell during the measurement period. For neighbor cells at least two (one) SF with NRS every 10 ms for frame structure type 1 (type 2) can be assumed by the UE before reading SIBs.    
Proposal 4: RAN2 may refer to the intra-frequency measurement period requirements in RRC_CONNECTED in TS 36.133 sections 8.14.2 and 8.14.3. The measurement period without DRX is either 800 ms and 1600 ms depending on the type of coverage. With DRX the measurement period (= 5 DRX cycles) ranges from  ~1.3 s to ~50 s depending on the DRX cycle duration.
Question 5
For how long the NRSRP measurements can be considered as valid?

It is unclear whether RAN4 has defined a concept of measurement validity that could be leveraged in this context.
Perhaps we could leverage the definition of known cell for LTE UEs that states that a “cell is known if it has been measured by the UE in the last 5 seconds.” From that definition it could be argued that a measurement performed within the last five seconds would be considered valid. This would be an attractive option if RAN4 decides to adopt the above definition of known cell to NB-IoT UEs. Then the answers to questions 3 and 5 would be closely aligned.
A second option could be to define measurement validity based on the measurement period requirement. e.g. define the measurement validity period as a multiple of the measurement period.
Proposal 5: RAN4 could consider at least the following options for measurement validity:
a. A NRSRP measurement would be considered valid if it was performed within the last 5 seconds, leveraging the definition of known cell for LTE UEs.
b. A NRSRP measurement would be considered valid for a period of time equal to N times the measurement period, where N is TBD.
Conclusions
Proposal 1: The UE would be able to perform neighbor cell measurements in RRC_CONNECTED in scenarios A and C, assuming that no interruptions in traffic are allowed.
Proposal 2: RAN2 may refer to the re-establishment delay requirements for NB-IoT UEs in TS 36.133 sections 6.5.2.1 and 6.5.2.2. The search times are defined by Tsearch_NB1-NC and Tsearch_NB1-EC.
Proposal 3: RAN4 to discuss which definition of known cell to use for the new neighbor cell measurement requirements for NB-IoT UEs. At least two candidate options, one for LTE UEs and one for Cat M1 UEs, may be considered.
Proposal 4: RAN2 may refer to the intra-frequency measurement period requirements in RRC_CONNECTED in TS 36.133 sections 8.14.2 and 8.14.3. The measurement period without DRX is either 800 ms and 1600 ms depending on the type of coverage. With DRX the measurement period (= 5 DRX cycles) ranges from  ~1.3 s to ~50 s depending on the DRX cycle duration.
Proposal 5: RAN4 could consider at least the following options for measurement validity:
a. A NRSRP measurement would be considered valid if it was performed within the last 5 seconds, leveraging the definition of known cell for LTE UEs.
b. A NRSRP measurement would be considered valid for a period of time equal to N times the measurement period, where N is TBD.
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