3GPP TSG-RAN WG4 Meeting#90bis
R4-19029062 
Xi’an, China, 8th-12th April 2019
Agenda item:
7.13.3
RRM 
Source: 
Sierra Wireless

Title: 
NB-IOT PUR NRSRP TA Validation Design Considerations 
Document for:
Discussion and decision
1. Introduction

This tdoc discusses the following open design areas:

· TA validation mechanism using NRSRP
2. Timing Advance (TA) Validation using NRSRP
Several RAN1 agreements were made in RAN1 #96 which closed several aspects of TA validation design including how the Time Alignment timer and Serving cell changes affect TA validity. 

When the UE is configured to use several TA validation criteria, the TA is valid only when all the configured TA validation criteria are satisfied.
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  

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

How the service cell NRSRP changes are used to validate TA is still open and how the parameters for evaluation will be signaled are still open. This tdoc discusses those two aspects.
2.1. NRSRP Validation Equation

The simple way to use NRSRP is to compare the “∆NRSRP_Measured” with a pre-defined threshold “∆NRSRP_Threshold” as follows:

abs(∆NRSRP_Measured)  > ∆NRSRP_Threshold  

Eq. 1
If the above equation is true, the UE’s TA is invalid.  However, we’ve identified two major issues with using this approach.

Issue # 1: ∆NRSRP is not linear with distance from eNB

For a change in distance ∆d from the eNB, we find that the corresponding change in the measured NRSRP depends, not only on the distance ∆d travelled, but also on the initial distance from the eNB (i.e. for the same change in distance, abs(∆NRSRP_Measured) is bigger when the UE is close to the eNB vs farther away). Assuming a constant ∆d = 705 meters, the following figure shows the change in NRSRP vs different initial distances from the eNB.
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	Figure 1. ∆NRSRP vs distance from the eNB for a UE moving 705m away from eNB  


This dependency of the change in RSRSP on the distance from the eNB is very clear from the above figure but this is also very clear if you look at any path loss equation in [1].

Observation 1:  The change in NRSRP is highly dependent on the distance from the eNB

Hence, a constant threshold will not work well across the cell radius. Therefore, the ∆NRSRP_Threshold should be a function of the distance from the eNB which will be different for every UE. In other words, ∆NRSRP_Threshold will be UE specific, not cell specific. 

Proposal 1:   The ∆NRSRP_Threshold(s) should be UE specific.

Issue # 2: Change in NRSRP depends on the direction of movement

The other issue with the approach described in Eq. 1 is that abs(∆NRSRP_Measured) depends on whether the UE is moving towards the eNB or moving away from the eNB.  The following graph shows the difference in the abs(∆NRSRP_Measured) between a UE going towards and away from the eNB.

[image: image2.png]abs(ARSRP_Measured) dB

30

25

20

15

10

200

400

—@— UE moves 705m away from eNB

«++X%-- UE moves 705m toward eNB

600 800 1000 1200 1400 1600
Initial distance from eNB (d;)

1800




Figure 2. abs(∆NRSRP_measured) vs distance from eNB for a UE moving 705m towards and away from eNB  

Observation 2: The ∆NRSRP depends on whether the UE is moving towards or away from the eNB.

Hence, for any UE at an initial distance di from the eNB, two thresholds will generally be required depending on the direction of the movement wrt the eNB.  Assuming ∆NRSRP_Measured is calculated as:

                ∆NRSRP_Measured  = (NRSRP when TA was given) – (NRSRP when the TA is evaluated)

Eq. 2
Using Eq. 2, if the UE moves closer to the eNB, then the ∆NRSRP_Measured will be negative and if the UE moves away from the eNB, then the ∆NRSRP_Measured will be positive.  Hence, a UE can evaluate the TA validity using the following condition:

∆NRSRP_ThNeg  < ∆NRSRP_Measured  < ∆NRSRP_ThPos

Eq. 3
If the condition is not met (i.e. FALSE), then the TA is not valid. 
Proposal 2:   The TA is considered invalid if the following condition is not met (i.e. is FALSE)

∆NRSRP_ThNeg  < ∆NRSRP  < ∆NRSRP_ThPos

· Where ∆NRSRP = (NRSRP when TA was given) – (NRSRP when the TA is evaluated)

2.2. Signaling Thresholds Options

There are at least three options of how the UE is to obtain the two thresholds  ∆NRSRP_ThNeg and ∆NRSRP_ThPos:

· Signaled to the UE when the TA is updated, or

· Calculated based on an equation, or 

· Calculated based on a table.

Option 1 - Signaled to the UE when the TA is updated

This is the most flexible option but would require the most signaling because each time the TA is updated, the thresholds would need to be updated. This update could be in the new PUR ACK or in L2 signaling. Given the TA is likely to be updated often, using L2 signalling would use a lot of network resources and UE power consumption so the only viable option would be to have this in the PUR ACK but there is a risk there isn’t enough spare bits since the thresholds need 4-5 bits each (total 8-10 bits) so RAN1 would need to progress the PUR ACK DCI design before we know if this is possible.

Option 2 - Calculated based on an equation

This option requires much signalling since the UE is calculating the threshold based on the TA.  Signalling to indicate the parameters of the equation is still required. However, this signalling would only be sent once likely during the PUR is configured (which will be rare compared to the TA updates). This method would require 3GPP to agree on a flexible equation and parameters for the UE to use.   
One possible equation could be based on theoretical path loss equations. Almost all path loss equations have the following general form (from [1]):

Path loss =  k log10(di) - X
	Table 1. Path loss equations for different environments

	Environment
	Path Loss Equation PL(di)

	NLOS urban, suburban, and rural macro
	(43.42 – 3.1 log10 (hBS)) (log10 (di) + 

161.04 – 7.1 log10 (W) + 7.5 log10 (h) – (24.37 – 3.7(h/hBS)2 ) log10 (hBS) - 3*(43.42 – 3.1 log10 (hBS) + 20 log10(fc) – (3.2 (log10 (11.75 hUT))2 - 4.97)

	Urban Micro NLOS Hexagonal cell layout
	(36.7) (log10 (di) + 26 log10(fc) + 22.7

	Indoor hot spot NLOS
	(43.3) (log10 (di) + 20 log10(fc) + 11.5

	Free space
	(20) (log10 (di) + 20 log10(fc) – 147.55


Observation 3: Path loss equations can be written in the general form “k log10(di) + X” 

Hence, the NRSRP equation can be generalized as: 

NRSRP(di) = Ptx - k log10(di) - X
Calculating ∆NRSRP(di) removes Ptx and X and gets the general form:

∆NRSRP(di) = k (log10(di+ ∆d)- log10(di))
Thus the thresholds can be calculated as:

∆NRSRP_ThPos = k (log10(di+ MaxAllowed∆d)- log10(di))
∆NRSRP_ThNeg = k (log10(di- MaxAllowed∆d)- log10(di))
Where:

k
Is signaled to the UE and depends on propagation conditions in the cell, i.e. it depends on the topology/configuration of the cell. 

MaxAllowed∆d
Is signaled to the UE and defines the amount of timing error the eNB can tolerate. For example, MaxAllowed∆d = 705 meters corresponds to one normal CP. 

di
Is calculated by UE based on the last valid TA as: di = TA × c/2

Observation 4: NRSRP Thresholds can be calculated as 

· ∆NRSRP_ThPos = k (log10(di+ MaxAllowed∆d)- log10(di))
· ∆NRSRP_ThNeg = k (log10(di- MaxAllowed∆d)- log10(di))
Option 3 - Calculated based on a table

For this option, the UE is calculating the threshold based on indexing the TA into a table and using some type of interpolation. The eNB signals the table values which define Function1 and Function2 which the UE used to calculate the thresholds:

∆NRSRP_ThPos =  Function1(Timing Advance) 
∆NRSRP_ThNeg = Function2(Timing Advance) 

For this approach, the following would still need to further study:

· Linear or non-linear interpolation 
· Number of table entries
More study is required to determine which of the options are specified but this is NOT in RAN4 domain and should be left for RAN1 and RAN2 to decide. 
Observation 5: How “∆NRSRP_ThPos” and “∆NRSRP_ThNeg” are signalled, should NOT be decided by RAN4
3. Conclusions

Observation 6: The change in NRSRP is highly dependent on the distance from the eNB
Proposal 3:   The ∆NRSRP_Threshold(s) should be UE specific.
Observation 7: The ∆NRSRP depends on whether the UE is moving towards or away from the eNB.

Proposal 4:   The TA is considered invalid if the following condition is not met (i.e. is FALSE)

∆NRSRP_ThNeg  < ∆NRSRP  < ∆NRSRP_ThPos

· Where ∆NRSRP = (NRSRP when TA was given) – (NRSRP when the TA is evaluated)
Observation 8: Path loss equations can be written in the general form “k log10(di) + X” 

Observation 9: NRSRP Thresholds can be calculated as 

· ∆NRSRP_ThPos = k (log10(di+ MaxAllowed∆d)- log10(di))
· ∆NRSRP_ThNeg = k (log10(di- MaxAllowed∆d)- log10(di))
Observation 10: How “∆NRSRP_ThPos” and “∆NRSRP_ThNeg” are signalled, should NOT be decided by RAN4
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