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Introduction
[bookmark: _Ref178064866]At RAN#82, updated Rel-16 work item on Rel-16 enhancements for NB-IoT was approved [1]. One of the objectives in this work item is to support SON reporting for random access performance and radio link failure for network management. 
Network management tool enhancement: 
· SON support for reporting of [RAN2, RAN3] 
· Cell Global Identity and strongest measured cell(s) (ANR) 
· Random access performance 
· Radio link failure (RLF), if needed 
 
	Below are the agreements from RAN2 meetings on ANR. 
RAN2#103bis agreements: 
· ANR reporting for NB-IoT only uses idle-mode measurements (i.e. we won’t introduce connected mode measurements) 
 
RAN2#104 agreements: 
SON-ANR: 
· RAN2 understanding is that the purpose of SON/ANR reporting in NB-IoT is network optimisation rather than immediately updating neighbour relations like with LTE ANR, and is therefore not time critical. 
· SON reporting does not trigger RRC connection establishment/resume 
· FFS whether this includes EDT. 
· SON information can be reported along with EDT, FFS what and how. 
RAN2#105 agreements:

 Solution direction based on option a (Immediate measurements):
· Single set of measurements only.
· No new measurement requirements.
· ANR measurement reporting using the UE Information Request / Response framework is supported. Other methods FFS.
· ANR reporting for the CP solution is not supported in Rel-16. 


 
In this contribution we discuss if there is conflict between PSM and ANR; which one UE should prioritize first. Further, we discuss the need to have a configured response time.
Discussion
Time Duration for ANR
ANR will be configured to subset of UEs to obtain information from UE that will help NW to optimize number of parameters (some specified below). It is expected that ANR will not be run that frequently and only when new cells etc are introduced.
Examples of parameters that can be auto-configured or optimized relate to:
· eNB transmission (power, antenna location and tilt).
· Idle mode mobility (signal quality and strength thresholds)
· NRS frequency reuse (PCID based)
· NPBCH, PDSCH SIB1, NPSS, NSSS intercell interference
· NPRACH detection and false alarm

It has been agreed that UE will only perform ANR when it is in the source cell; i.e where it received the ANR configuration. If UE happens to leave that cell, ANR measurements may be incomplete and could be discarded.  It has been agreed that UE will not use cell reselection rules and relaxed monitoring for the time duration when UE is performing ANR. [3] mentioned that this may have some consequence on UE battery power. Further, it is unclear if UE can perform cell reselection (i.e. go to another cell) while ANR measurement is ongoing. UE may have to prioritize one over other. These problems may arise when UE uses measurements specified by longer duration i.e using eDRX.
For NW, it is important to retrieve the ANR measurements; thus one approach that can be taken to simplify the ANR procedure on UE side could be to make it optional and up to UE implementation whether it wants to use DRX or eDRX cycle for ANR measurements.

[bookmark: _Toc21012335][bookmark: _Toc23063794][bookmark: _Toc23857125]In order to reduce ANR measurement duration and to ensure UE resumes it’s normal idle mode power saving mechanism such as relaxed monitoring etc; UE may opt to use DRX cycle for ANR measurements.

[bookmark: _Toc23063800][bookmark: _Toc23857131]It is up to UE implementation whether it wants to use DRX or eDRX based cycles for ANR measurements following the requirements specified in 36.133; i.e A UE which has been configured with eDRX cycle may use DRX cycle for ANR measurements.


Validity Time based upon configuration
The UE receives the configuration in idle mode and if it happens to report the ANR result with supposed to report the ANR within the validity time. That is the next time when the UE is in connected mode, the duration, if less than validity time, then the ANR measurements are valid otherwise discarded. As various UEs have different traffic requirements and in a traffic pattern in a cell may vary from one region to other. Thus, a flexible discard timer is suitable. 
Considering the below three, there is a difference in the reporting of the results between ANR and RLF/RACH.
· Cell Global Identity and strongest measured cell(s) (ANR) 
· Random access performance 
· Radio link failure (RLF)
For RLF and RACH, the UE would store the failed attempts and during the next successful re-attempt would have the possibility to relay the stored results (SON Parameters) to the Network. On the other hand, ANR is configured by the operators and would have to wait for the result to come. There would be man hours involved in configuring and post-processing the results and taking specific corrective measures based upon the post processed result.
[bookmark: _Toc4338767][bookmark: _Toc20655946][bookmark: _Toc20656243][bookmark: _Toc21012338][bookmark: _Toc23063797][bookmark: _Toc23857126]ANR differs from RACH and RLF as it does not have certain degree of guarantee as when UE would provide the result.
[bookmark: _Toc20656244][bookmark: _Toc21012339][bookmark: _Toc23063798][bookmark: _Toc23857127]UE has already spent power in performing the measurements, the duration to keep the results should be longer than LTE and should be configurable.
Some of the NB-IoT devices have infrequent data transmission. It may take up to several hours or several days before there is any need of any transmission (UL/DL). In such cases, if operator has configured the ANR result, they may have obtained results from some device whereas from some other devices they may have to wait for quite some time. 
It has been agreed that NB-IoT does not have to send the result immediately but needs to be sent ultimately. Thus, NW may configure a fairly long response time (consisting of several hours) for the UE to provide the result. If UE happens to perform a data transmission within that duration or preferably the first transmission, the UE can let the Network know that the result is available. Thus, NW can fetch the result.

[bookmark: _Toc4338768][bookmark: _Toc20655947][bookmark: _Toc20656245][bookmark: _Toc21012340][bookmark: _Toc23063799][bookmark: _Toc23857128]It requires man hours to configure, post-process and take corrective actions. Without a response time, it would be expensive for an operator to enable ANR.
[bookmark: _Toc20655951][bookmark: _Toc20656099][bookmark: _Toc20656247][bookmark: _Toc21012342][bookmark: _Toc23063803][bookmark: _Toc23857132]Configure an ANR reporting response time to provide the result within certain duration. The configured value is in several hours (48h, 72h, 96h, 120h)

PSM and ANR
During RAN2#107bis, companies provided the comment that UE may be in PSM for several days, thus ANR measurement would anyway be stale; so there is as such no need ensure UE first performs ANR before going to PSM mode.
However, if the PSM duration is less than ANR discard timer; thus in this case, it could be still be useful that UE has performed ANR measurements. As mentioned in above section; the ANR overhead is not considered large (less frequent ANR measurement configuration will happen and only subset of UEs would be selected).
PSM is configured by NAS whereas ANR measurement is configured to group of UEs in a cell by eNB. It may so happen that NAS configures PSM and AS configures ANR to the same UE. Thus, RAN2 need to decide how UE should proceed. RAN2 has already agreed that relaxed monitoring and cell reselection rules do not apply when UE is configured to measure ANR and until ANR measurement is completed. The behavior for PSM should also be specified. When both PSM and ANR is simultaneously active, UE should delay entering PSM dormant state until ANR has been performed. Because after entering PSM, UE will not perform any idle mode tasks. UE should perform ANR and then enter PSM.


Further, From TS 23.401:
A UE may adopt a PSM that is described in TS 23.682 [74]. If a UE is capable of adopting a PSM and it wants to use the PSM it shall request an Active Time value and may request a Periodic TAU/RAU Timer value during every Attach and TAU procedures, which are handled as described in TS 23.682 [74]. The UE shall not request a Periodic TAU/RAU Timer value if it is not requesting an Active Time value. The network shall not allocate an Active Time value if the UE has not requested it.
Thus, for entering PSM a UE has to perform a request at the CN.

[bookmark: _Toc21012336][bookmark: _Toc23063795][bookmark: _Toc23857129][bookmark: _Toc20655950][bookmark: _Toc20656098][bookmark: _Toc20656246]Entering PSM after the ANR is completed would require additional S1-MME signaling 
[bookmark: _Toc21012337][bookmark: _Toc23063796][bookmark: _Toc23857130]If a UE would locally delay entering the PSM dormant state until the ANR has been completed, there would be no S1-MME signaling penalty. 
[bookmark: _Toc21012341][bookmark: _Toc23063801][bookmark: _Toc23857133]If UE is configured with ANR measurement and PSM has been negotiated with CN, the UE shall locally delay entering the PSM dormant state until the ANR measurements are completed.

[bookmark: _Toc23063802][bookmark: _Toc23857134]RAN2 to agree on the text proposal below for the addition of PSM in the Note 

NOTE:		The measurement rules for cell re-selection and the relaxed monitoring measurement rules as specified in TS 36.304 [11] do not apply while performing an ANR measurement. UE shall delay entering PSM until the ANR measurements are completed, if PSM duration is less than ANR measurement report discard time.


Conclusion
In section 2 we made the following observations:
Observation 1	In order to reduce ANR measurement duration and to ensure UE resumes it’s normal idle mode power saving mechanism such as relaxed monitoring etc; UE may opt to use DRX cycle for ANR measurements.
Observation 2	ANR differs from RACH and RLF as it does not have certain degree of guarantee as when UE would provide the result.
Observation 3	UE has already spent power in performing the measurements, the duration to keep the results should be longer than LTE and should be configurable.
Observation 4	It requires man hours to configure, post-process and take corrective actions. Without a response time, it would be expensive for an operator to enable ANR.
Observation 5	Entering PSM after the ANR is completed would require additional S1-MME signaling
Observation 6	If a UE would locally delay entering the PSM dormant state until the ANR has been completed, there would be no S1-MME signaling penalty.

Based on the discussion in section 2 we propose the following:
Proposal 1	It is up to UE implementation whether it wants to use DRX or eDRX based cycles for ANR measurements following the requirements specified in 36.133; i.e A UE which has been configured with eDRX cycle may use DRX cycle for ANR measurements.
Proposal 2	Configure an ANR reporting response time to provide the result within certain duration. The configured value is in several hours (48h, 72h, 96h, 120h)
Proposal 3	If UE is configured with ANR measurement and PSM has been negotiated with CN, the UE shall locally delay entering the PSM dormant state until the ANR measurements are completed.
Proposal 4	RAN2 to agree on the text proposal below for the addition of PSM in the Note
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