3GPP TSG RAN WG4 #91


R4-1905499
Reno, USA, May 13th – 17th, 2019
Agenda item:
7.12.3.4
RRM
Source: 
Sierra Wireless

Title: 
LTE-M PUR RSRP TA Validation Design Considerations 
Document for:
Discussion and decision
1. Introduction

This tdoc discusses the following open design areas:

· TA validation mechanism using RSRP
2. Timing Advance (TA) Validation using RSRP

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. 

In idle mode, a UE can be configured such that TA is always valid within a given cell.

· FFS: up to RAN2 how to implement e.g. PUR Time Alignment Timer = infinity

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 RSRP 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. RSRP Validation Equation

The simple way to use RSRP is to compare the “∆RSRP_Measured” with a pre-defined threshold “∆RSRP_Threshold” as follows:

abs(∆RSRP_Measured)  < ∆RSRP_Threshold  

Eq. 1
∆RSRP_Measured  = (RSRP when TA was given) – (RSRP when the TA is evaluated)

Eq. 2
The TA is considered valid only if the above condition in Eq 1 is TRUE.  
However, we’ve identified a major technical issue with using this approach. The issue with the approach of single threshold method described in Eq. 1 is that abs(∆RSRP_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(∆RSRP_Measured) between a UE going towards and away from the eNB.
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Figure 2. abs(∆RSRP _measured) vs distance from eNB for a UE moving 700m towards and away from eNB  
Based on the above figure, the following observation can be made:
Observation 1: The ∆RSRP measurement highly depends on whether the UE is moving towards or away from the eNB.
To solve this problem, different thresholds are needed for the UE moving toward and away from the eNB.  Using Eq. 2, if the UE moves closer to the eNB, then the ∆RSRP_Measured will be negative and if the UE moves away from the eNB, then the ∆RSRP_Measured will be positive.  Hence, a UE can evaluate the TA validity using the following two threshold condition:

∆RSRP_ThNeg  < ∆RSRP_Measured  < ∆RSRP_ThPos

Eq. 3
The TA is considered valid only if the above condition in Eq 3 is TRUE. 
Observation 2: Two different thresholds are needed for the UE moving toward and away from the eNB.  
Complexity evaluation: Assuming taking the abs of a number and comparing a number have the same computational complexity, the UE complexity for evaluating the conditions in Eq. 1 for single threshold and Eq. 3 for two thresholds are the same. Therefore, the two thresholds method does not introduce additional overhead over the single threshold method.
Observation 3: UE complexity and computations for the single threshold and two threshold methods are similar. 

By setting ∆RSRP_ThPos = -∆RSRP_ThNeg in the two threshold equation (Eq. 3), the equation becomes mathematically equivalent to the single threshold equation (Eq. 1). Thereby, if the specification supports the two thresholds method, it inherently also supports the single threshold method. 

Observation 4: If the two thresholds method is specified, the single threshold method is still also supported.

2.2. How to Set the Threshold
RSRP Measurement Error: Thresholds will generally be set using the path loss model as a guide, but it is important to ensure the UE does not use an invalid TA as this would reduce the detection probability for its PUR transmission and might also potentially cause interference to transmissions from other UEs. Therefore, thresholds must be set such that invalid TAs are rarely used (i.e., ~1-10%). This implies that the thresholds must be chosen to be sufficiently low for this to not occur. However, the drawback of using low thresholds is that it increases the probability of a UE unnecessarily updating its TA.  Since RSRP measurements have error, i.e. they vary even with no change in the UE’s position due noise and interference, the RSRP thresholds must be lowered to accommodate for this error beyond what the pathloss would indicate. 
Observation 5: For both single and two threshold methods, the threshold(s) need to be adjusted due to RSRP measurement errors. 

Single Threshold Method: For the two threshold method, the thresholds can be set following the path loss models and adjusted based on the RSRP measurement error as mentioned above, but this is not the case for the single threshold method.  Like with RSRP measurement errors, the threshold must be set such that invalid TAs are rarely used. For the single threshold method, the threshold must then be set to the minimum expected abs(∆RSRP_Measured) which will be based on the path loss for a UE moving away from the eNB (or the ∆RSRP_ThPos Threshold).
Observation 6: If a single threshold is used, the threshold would be set based on the path loss for UE moving away from the eNB.

2.3. Performance
The major drawback to the single threshold method is that it greatly increases the probability that the UE unnecessarily updates its TA when it moves towards the eNB. To show this, the following graph shows an example of how the thresholds would be set for the two methods, and the resulting area where the TA would be considered valid:
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Figure 3. TA validity region for single and two threshold methods
Note: The above thresholds are set assuming an urban macro NLOS model, 700 meters of allowed movement, and a 4 dB RSRP measurement variation.

The green area is the region where the TA is valid using the two thresholds method and the red dotted area is the region where the TA is valid using the single threshold method.  It is clear from the above graph that the valid TA region using a single threshold is significantly smaller than when using the two threshold method. This results in the UE unnecessarily requesting a TA update and introduces operation overhead. The issue is created when ∆RSRP_ThPos is chosen as the threshold in the single-threshold method, where movement towards the eNB will often cause the UE to unnecessarily update the TA. This can be seen in Fig. 2 where the non-overlapping green area indicates the region where the UE moved toward the eNB and unnecessarily updated its TA. As seen from figure 3, for the single threshold method, the threshold error can be > 35 dB.  The specified absolute and relative maximum expected RSRP measurement errors specified in [2] don’t really match this scenario. The maximum error for this scenario will likely be somewhere between the absolute and relative specified errors in [2]. For this analysis the maximum relative error will was used which is define in [2] section 9.1.21.2 as 4 dB. Thus, the > 35dB threshold error is well above the expected maximum RSRP measurement error of around 4 dB. 
Observation 7: The single threshold method has threshold errors of > 35 dB which is well above the expected maximum ∆RSRP measurement error 
Since the threshold for the single threshold method is ∆RSRP_ThPos, which is based on the UE moving away from the eNB, the UE at times encounters conditions where the TA is updated unnecessarily. When the UE moves towards the base station for less than 700 meters and with no RSRP measurement error, a TA update is unnecessary 100% of the time. To determine the % of unnecessary TA updates, a Monte Carlo simulation was run where the UE is moving randomly towards the eNB by less than 700m within a 1500m cell and assuming no RSRP measure error. From the simulation, it was found that for the single threshold method the UE unnecessarily updates its TA 35% of the time, whereas for the two threshold method, no unnecessary TA updates occurred.
Observation 8: Assuming movement towards the eNB, the single threshold method will unnecessarily update the TA 35% of the time. 
2.4. Conclusion:

Given the above observations, the following proposal is made:
Proposal 1:   The TA is considered invalid if the following condition is not met (i.e. is FALSE)

∆RSRP_ThNeg  < ∆RSRP  < ∆RSRP_ThPos

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

3. How UE obtains the Threshold(s)
There are at least three options of how the UE can obtain the RSRP threshold(s):
· Option 1: Calculated based on an equation

· Option 2: Calculated based on a table
· Option 3: Signaled to the UE when the TA is updated
The same methods can be used whether a single or two thresholds are used.
Option 1 - Calculated based on an equation

This option does not require much signalling since the UE is calculating the threshold(s) based on the TA.  Signalling to indicate the parameters of the equation is still required. However, this signalling would only be sent once likely when the PUR is configured (which will be rare compared to the TA updates). 
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


Hence, the path loss equations can be written in the general form “k log10(di) + X” and then the RSRP equation can be generalized as: 

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

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

∆RSRP_ThPos = k (log10(di+ MaxAllowed∆d)- log10(di))
∆RSRP_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
The single threshold method and the two threshold method both require the same equation and parameters (k and MaxAllowed∆d), therefore the signalling is the same for both. The single threshold method is required to compute one threshold, whereas the two threshold method should compute two. But since this calculation is only done when the TA is updated and not on every RSRP measurement, and this computation is significantly smaller than even a RSRP calculation, the UE complexity is virtually the same. 
Option 2 - 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 a threshold function (i.e. ThresholdFunc) which the UE uses to calculate the thresholds. 

For single threshold method:
∆RSRP_Theshold = ThresholdFunc(Timing Advance) 
For the two threshold method:

∆RSRP_ThPos = ThresholdFunc (Timing Advance) 

∆RSRP_ThNeg = - ThresholdFunc (Timing Advance+TA_error)

As shown above the single threshold method and the two threshold method both require the same table and the two threshold method requires the addition “TA_Error” parameter. Since the TA_error is likely to be fixed at ½ CP, it would not need to be signaled and thus the two method would have the same signalling.  The single threshold method requires to compute one threshold whereas the two threshold method requires to compute two thresholds. However, this calculation is only done when the TA is updated and not on every RSRP measurement, and this computation is significantly smaller than even a RSRP calculation, so the UE complexity is virtually the same. 

Option 3 - Signaled to the UE when the TA is updated

This option would require the most signaling because each time the TA is updated, the threshold(s) would need to be updated.  The threshold(s) would likely only be 4-5 bits long which is small but since this will likely not fit in a physical layer message, a layer 2 message would be needed which brings significant overhead (CRC, L2 headers, physical layer scheduling). The two threshold method would require one additional threshold of 4-5 bits but this would be a very small percentage increase compared to the L2 signalling overhead.
Conclusion:

Based on the above discussion, the following observations can be made:
Observation 9: At least the following options of how the UE is to obtain the RSRP threshold(s) are possible:
Option 1: Calculated based on an equation
Option 2: Calculated based on a table
Option 3: Signalled to the UE when the TA is updated

The same methods can be used for the single and two threshold method.

Observation 10: When an equation or table is used to calculate the threshold(s), the single and two threshold method use the same equation/table thus the signalling overhead and specification impact is the same.
Observation 11: When the threshold(s) are signalled each time the TA is updated, for both the single and two threshold methods, there is significant signalling overhead especially if layer 2 signalling is needed. 

Understanding the options and trade-offs is interesting for RAN4 but the above discussion and decision on how the UE obtains the thresholds is better suited for RAN1 and RAN2 to discuss and decide.
Observation 12: How the UE obtains the RSRP threshold(s) should NOT be decided by RAN4. 
4. Conclusions
Observation 13: The ∆RSRP measurement highly depends on whether the UE is moving towards or away from the eNB.
Observation 14: Two different thresholds are needed for the UE moving toward and away from the eNB.  
Observation 15: UE complexity and computations for the single threshold and two threshold methods are similar.

Observation 16: If the two thresholds method is specified, the single threshold method is still also supported.

Observation 17: For both single and two threshold methods, the threshold(s) need to be adjusted due to RSRP measurement errors.

Observation 18: If a single threshold is used, the threshold would be set based on the path loss for UE moving away from the eNB.

Observation 19: The single threshold method has threshold errors of > 35 dB which is well above the expected maximum ∆RSRP measurement error.
Observation 20: Assuming movement towards the eNB, the single threshold method will unnecessarily update the TA 35% of the time.
Proposal 2:   The TA is considered invalid if the following condition is not met (i.e. is FALSE)

∆RSRP_ThNeg  < ∆RSRP  < ∆RSRP_ThPos

· Where ∆RSRP = (RSRP when TA was given) – (RSRP when the TA is evaluated)
Observation 21: At least the following options of how the UE is to obtain the RSRP threshold(s) are possible:

Option 1: Calculated based on an equation

Option 2: Calculated based on a table

Option 3: Signalled to the UE when the TA is updated
The same methods can be used for the single and two threshold method
Observation 22: When an equation or table is used to calculate the threshold(s), the single and two threshold method use the same equation/table thus the signalling overhead and specification impact is the same.

Observation 23: When the threshold(s) are signalled each time the TA is updated, for both the single and two threshold methods, there is significant signalling overhead especially if layer 2 signalling is needed.

Observation 24: How the UE obtains the RSRP threshold(s) should NOT be decided by RAN4.
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