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1. Introduction

We have seen the start of R16 NB-IoT enhancement in the last quarter of 2018 in RAN1 and RAN2. In RAN4, this meeting marks the beginning of the discussions of R16 NB-IoT enhancement. In the WID [1], we can spot that the objectives listed below have RAN4 impacts,

	Improved DL transmission efficiency and/or UE power consumption:

· Specify support for mobile-terminated (MT) early data transmission (EDT) [RAN2, RAN3]

· Specify support for UE-group wake-up signal (WUS) [RAN1, RAN2, RAN4]

Improved UL transmission efficiency and/or UE power consumption:

· Specify support for transmission in preconfigured resources in idle and/or connected mode based on SC-FDMA waveform for UEs with a valid timing advance[RAN1, RAN2, RAN4]

· Both shared resources and dedicated resources can be discussed

· Note: This is limited to orthogonal (multi) access schemes
Improved multi-carrier operation:

· Specify support of Msg3 quality reporting for non-anchor access [RAN1, RAN2]

· Specify signalling to indicate on a non-anchor carrier for paging a set of subframes which will contain NRS even when no paging NPDCCH is transmitted [RAN1, RAN2, RAN4] 




In this paper, we throw light upon how the above objectives are going to draw impact on the RRM requirements, as part of the job in RAN4 R16 NB enhancement specifications.
2. Discussion
2.1. Pre-configured uplink resources
We find that PUR has the greatest impact among the objectives in the R16 NB WID on RAN4 requirements. In RAN1#95, the following agreements were made with respect to transmission in PUR,
	Agreement 

In idle mode, at least the following TA validation attributes are supported:

· Serving cell changes (serving cell refers the cell that the UE is camping on)

· Time Alignment Timer for idle mode 

· Serving cell NRSRP changes (serving cell refers the cell that the UE is camping on)

· Based on NRSRP measurement definition in existing Rel-15 TS36.214

Send LS to RAN2, RAN4 to consider in their work. All the agreements with ‘include in LS to RAN2, RAN4’ for NB-IoT and eMTC should be captured in this LS. The LS is endorsed in R1-1813778

Agreement

The UE can be configured to use at least these TA validation attributes:

· Time Alignment Timer for idle mode 

· Serving cell NRSRP changes 

· Note: the configuration shall support disabling of the TA validation attributes

Include in LS to RAN2, RAN4.

For further study:

TA validation attributes:

· Subscription based UE differentiation (or Stationary indication in held in subscription)

· Cell specific indication where TA is valid within that cell

Agreement

Include in LS to RAN2, RAN4:

RAN1 assumes that a UE transitioning from EDT/connected to idle mode can use the valid TA that was used while in EDT/connected mode. 

Agreement

For dedicated PUR in idle mode, the UE may skip UL transmissions.

· FFS: Resource release mechanism

· FFS: Whether or not to support mechanism to disable skipping by eNB

Agreement

In idle mode, only one HARQ process is supported for dedicated PUR

Agreement

For dedicated PUR in idle mode, UL grant for HARQ retransmission is transmitted in search space

· FFS: Details on the search space (for example USS, CSS)


Also an LS had been sent to RAN4 to inform us the progress made in RAN1 in [2], capturing that,

	NB-IoT Agreements

In idle mode, at least the following TA validation attributes are supported:

· Serving cell changes (serving cell refers the cell that the UE is camping on)

· Time Alignment Timer for idle mode 

· Serving cell NRSRP changes (serving cell refers the cell that the UE is camping on)

· Based on NRSRP measurement definition in existing Rel-15 TS36.214

The UE can be configured to use at least these TA validation attributes:

· Time Alignment Timer for idle mode 

· Serving cell NRSRP changes 

· Note: the configuration shall support disabling of the TA validation attributes

RAN1 assumes that a UE transitioning from EDT/connected to idle mode can use the valid TA that was used while in EDT/connected mode. 



From the above mentioned agreements, there are three attributes which are agreed to be supported by the UE when configured PUR, such as serving cell changes, TAT for idle, and serving cell NRSRP changes. In [3], we have already provided analysis on these three attributes and identifies certain RAN4 impact.
	· Serving cell changes (serving cell refers the cell that the UE is camping on)
When the serving cell changes, the TA is invalid, and the UE is required to access the new cell to obtain the configuration of PUR and TA of the new cell.

· Time Alignment Timer for idle mode
For connected mode UE, the TA timer is used to verify whether the TA is still valid, i.e., whether the UE is uplink time aligned using this TA. When the TA timer expires, the TA is considered to be invalid. This can be taken as a reference on designing the validation mechanism for TA in terms of transmission in preconfigured UL resources.
· Serving cell NRSRP changes (serving cell refers the cell that the UE is camping on)
As described in our previous paper [5], both the TA timer and the UE mobility situation need to be considered when designing the TA validation mechanism. Serving cell NRSRP change is an effective way to characterize the UE mobility situation. Generally, the UE mobility can be assumed to be low when the serving cell NRSRP change is small.

For example, assume the current TA is obtained at time instance [image: image2.png]


, and the UE performs data transmission on PUR at time instance [image: image4.png]


. Let NRSRP(T0)  and NRSRP(T1) denote the serving cell NRSRP measurement results at time instance [image: image6.png]


 and [image: image8.png]


, respectively. Then, the serving cell NRSRP change attribute is satisfied when the following inequity is satisfied

| NRSRP(T1) - NRSRP(T0) | <= NRSRPthreshold
where the value of NRSRPthreshold is up to RAN4 decision.




For TAT in idle mode, the UE may be required to keep the timer even after it is released to idle mode form connected mode when configured with PUR and TAT validation.

For NRSRP change validation, RAN4 may need to discuss the value of the threshold and to decide the starting time instance T1 from which the RSRP differences can be derived.

Another issue is that when the TA is not valid, UE may still ask for TA in idle mode by sending msg1 and the network can answer with an msg2 to configure the UE a valid TA for PUR. Or there might be other solutions than this -- though RAN1 has the duty to discuss and decide the solutions, RAN4 may need to define requirements accordingly.
Observation 1: RAN4 may need to discuss and decide the following issues with regard to PUR,

· Maintenance of TAT in idle mode

· The value of the threshold for NRSRP differences

· UE behaviours and requirements with regard to the TA acquisition in idle mode.
3. Conclusion
Observation 1: RAN4 may need to discuss and decide the following issues with regard to PUR,

· Maintenance of TAT in idle mode

· The value of the threshold for NRSRP differences

· UE behaviours and requirements with regard to the TA acquisition in idle mode.
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