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Introduction
In the RAN4#90 meeting, a Way Forward was agreed for RRM aspects of R16 NB-IoT enhancements [1]. In particular, the following was agreed with respect to preconfigured uplink resources (PUR):
· RAN4 is to discuss whether to specify requirements for following methods to validate TA
· Serving cell change
· Time alignment timer (TAT)
·  serving cell NRSRP change

· FFS if RAN4 should define criteria for TA validity, e.g. threshold for the NRSRP change, threshold for the TA change, threshold for the time period during which TA is considered as valid



In this paper, we further discuss the TA validation for PUR. 
Discussion
Serving cell change:
In RAN1#96 meeting, the following agreement was made regarding serving cell change and TA validation of PUR [2]:
Agreement
In idle mode, when the UE validates TA, the UE considers the TA for the previous serving cell as invalid if the serving cell changes
· Above applies for the case where the UE is configured to use the serving cell change attribute


Hence, it has already been agreed that if UE is configured with PUR associated with a serving cell and its TA value, then a change in serving cell invalidates that TA.
Observation 1.  If UE is configured with PUR associated with a serving cell and its TA value, then a change in serving cell invalidates that TA.
Time alignment timer (TAT):
In RAN1#96 meeting, the following agreement was made regarding “PUR Time Alignment Timer” [2]:
Agreement 
In idle mode, the TA validation configuration can include “PUR Time Alignment Timer”
· Where the UE considers the TA as invalid if the (current time – time at last TA update) > the PUR Time Alignment Timer
· Details on how to specify the “PUR Time Alignment Timer” is up to RAN2  


Hence, RAN4 does not need to define threshold for the time period during which TA is considered as valid as this threshold will be configured by network and signaled to UE. 
Observation 2. TA validation configuration can include “PUR Time Alignment Timer” where the UE considers the TA as invalid if the (current time – time at last TA update) > the PUR Time Alignment Timer.

Proposal 1. RAN4 need not define a threshold for the time period during which TA is considered as valid as this threshold will be configured by network and signaled to UE. 
Serving cell NRSRP change:
In [3], it was argued that NRSRP change by itself cannot be a reliable method of invalidating TA as there is a non-linear relationship between NRSRP changes and TA changes. Depending on the initial TA value, an NRSRP change NRSRP  can be interpreted as the TA change either within or beyond a certain acceptable window (e.g., half of CP window). Consequently, it was proposed to validate TA only when NRSRP change is below a threshold and received TA is less than a TAmax threshold. While the central argument of [3] is valid, we believe there are counter-arguments and complications as noted below:
· The assumption of free space path loss (FSPL) is not necessarily valid to link NRSRP change and TA together. A UE can be in deep coverage region (e.g., basement) and experience low NRSRP and yet have a small TA.

· Even if FSPL is assumed for simplicity, the ½ CP window threshold for TA can be quite suboptimal for UE’s with close to zero TA. Such UE’s can experience a much larger NRSRP difference (>10 dB) and still be within CP window whereas a UE with a TA value already near ½ CP window will need to limit NRSRP difference to a much smaller value to be within CP window. A single NRSRP and TA threshold is suboptimal. 

· NRSRP estimation accuracy degrades as SNR degrades. In Section 9.1.22 of 36.133, absolute NRSRP accuracy requirement is +/- 6 dB for Es/Iot > -6 dB and +/- 10.3 dB for Es/Iot < -6 dB. Hence, even with the assumption of FSPL, a UE in deep coverage mode and rather larger TA should be allowed more margin in NRSRP change to account for estimation accuracy compared to another UE in better coverage and smaller TA. 

Observation 3. Regarding qualifying NRSRP change additionally with a TA threshold:
· FSPL is not necessarily valid to link NRSRP change and TA together. A UE can be in deep coverage region (e.g., basement) and experience low NRSRP and yet have a small TA.
· A single NRSRP and TA threshold is suboptimal. A UE with TA close to zero can experience a much larger NRSRP variation compared to another UE with TA near ½ CP window.
· NRSRP estimation accuracy degrades as SNR degrades. Therefore, even with FSPL assumption, a UE with larger TA value (farther from eNB) should be allowed more margin in NRSRP change to account for estimation accuracy compared to another UE in better coverage and smaller TA. 

We believe the NRSRP estimation accuracy, particularly in poor SNR conditions, does not make it a reliable method for validating TA. Even in static channel conditions, successive NRSRP estimates can be several dBs off due to low processing gain and sparse NRS RE’s. Furthermore, we believe UE should not be asked to perform additional NRSRP measurements compared to existing requirements just for the purpose of supporting TA validation. Particularly in idle mode, additional measurements have adverse impacts on UE power consumption.
Proposal 2. UE should not be asked to perform additional NRSRP measurements compared to existing requirements just for the purpose of supporting TA validation. Particularly in idle mode, additional measurements have adverse impacts on UE power consumption.
If NRSRP change is to be used for TA validation despite the above arguments, we believe the network is better positioned to configure a UE with threshold(s) for NRSRP change as at the time of configuring TA validation (PUR), it has the knowledge of its TA, coverage, mobility (if any), and other factors that may impact TA validation.  More than one threshold can be signalled to UE to account for changes in coverage in idle mode not known to eNB. In selecting the value of threshold(s), the absolute NRSRP accuracy requirements in Section 9.1.22 of 36.133 should be used as guidelines. 
Proposal 3. Similar to PUR time alignment timer, threshold(s) for NRSRP variation should be signalled to UE when UE is configured to use serving cell NRSRP change for TA validation. More than one threshold can be signalled to account for changes in coverage in idle mode not known to eNB. In selecting the value of threshold(s), the absolute NRSRP accuracy requirements in Section 9.1.22 of 36.133 can be used as guidelines. 
Conclusions
Observation 1.  If UE is configured with PUR associated with a serving cell and its TA value, then a change in serving cell invalidates that TA.
Observation 2. TA validation configuration can include “PUR Time Alignment Timer” where the UE considers the TA as invalid if the (current time – time at last TA update) > the PUR Time Alignment Timer.

Proposal 1. RAN4 need not define a threshold for the time period during which TA is considered as valid as this threshold will be configured by network and signaled to UE. 

Observation 3. Regarding qualifying NRSRP change additionally with a TA threshold:
· FSPL is not necessarily valid to link NRSRP change and TA together. A UE can be in deep coverage region (e.g., basement) and experience low NRSRP and yet have a small TA.
· A single NRSRP and TA threshold is suboptimal. A UE with TA close to zero can experience a much larger NRSRP variation compared to another UE with TA near ½ CP window.
· NRSRP estimation accuracy degrades as SNR degrades. Therefore, even with FSPL assumption, a UE with larger TA value (farther from eNB) should be allowed more margin in NRSRP change to account for estimation accuracy compared to another UE in better coverage and smaller TA. 

Proposal 2. UE should not be asked to perform additional NRSRP measurements compared to existing requirements just for the purpose of supporting TA validation. Particularly in idle mode, additional measurements have adverse impacts on UE power consumption.

Proposal 3. Similar to PUR time alignment timer, threshold(s) for NRSRP variation should be signalled to UE when UE is configured to use serving cell NRSRP change for TA validation. More than one threshold can be signalled to account for changes in coverage in idle mode not known to eNB. In selecting the value of threshold(s), the absolute NRSRP accuracy requirements in Section 9.1.22 of 36.133 can be used as guidelines. 
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