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1 Introduction
RAN4 has discussed PUR for several meetings and following agreements were made at last meeting:

	· Serving cell RSRP change based TA validation

· The value(s) for the threshold(s) used for validating the TA are up to network implementation

· Following options can be considered:

· Option 1: Using relative RSRP change together with TA change or DL/UL timing change 

· Option 2: applying PUR only in normal coverage considering decreased RSRP accuracy in enhanced coverage.

· Option 3: using only relative RSRP change against signaled threshold(s) 

· RAN4 is to study how PUR transmissions are aligned with configured DRX/eDRX and its impact on the synchronization state to perform PUR transmission.




In this contribution, we discuss the different options to validate the TA and provide our view on preferred solution. 

2 Discussion 

2.1.1 TA validation based on serving cell RSRP changes

It is recalled that the measured RSRP value can vary for different reasons, and variation is not always associated with UE mobility. According to the free space path loss (FSPL) calculation formula in (1) there is a 6 dB variation in path loss when the distance between the transmitting eNodeB and the UE is doubled in the cell. 
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This is exemplified in Table 1, where the same change (6 dB) in the path loss in all four cases corresponds to different values of TA change which is used by the UE when transmitting signals and it ensures that transmissions by all the UEs within the cell can arrive at the eNodeB at the same time or at least within certain time e.g. within the cyclic prefix. The TA value hence is related to propagation delay and therefore to the distance between the UE and the eNodeB. 

Table 1: Example showing the relation between the change in path loss and change in TA assuming free-space propagation model
	Case #
	UE original distance to BS
	UE new distance to BS
	TA change

(µs)
	Path loss change
	RSPR error

	1
	100m
	200m
	0.67 
	6 dB
	 +/- 6 dB

	2
	200m
	400m
	1.33
	6 dB
	+/- 6 dB

	3
	400m
	800m
	2.67
	6 dB
	+/- 6 dB

	4
	800
	1600
	5.34
	6 dB
	+/- 6 dB


Table 1 shows that the use of signal strength change method (e.g. RSRP which is linear function of PL in log scale) to check the validity of the timing advance can lead to incorrect decision. For example, in case# 4, the change in RSRP is still within 6 dB like in other cases and would imply that the TA is still valid for UL transmission. However as shown in the table, the change in the TA is 5.34 µs, which is well above the normal CP length (e.g. 4.7 µs). If the UE transmits using the this TA value then the eNodeB won’t be able to receive the signals and will also degrade the reception of signals from other UEs. 

· Observation #1:  There is a non-linear relation between RSRP changes and TA changes.   
Generally the eNodeB can receive signals from the UE within the CP length, e.g. normal CP length of 4.7 µs. The received TA value corresponds to certain distance between the UE and eNodeB. Therefore depending on the TA value the distance between the UE and eNodeB can be estimated. For example, when the configured TA is 0.67 µs then UE is expected to be around 100 m from the eNodeB. In this case the UE can transmit using the PUR resources provided that the effective change in TA does not exceed 2.35µs (i.e. half CP) wrt the configured TA value of 0.67 µs. The effective TA can be calculated as the absolute difference between the CP length and configured TA value, as shown below:

                                      Effective_TA = |CP_length – TA_value|                                                  (2)

And received transmissions are aligned in the eNodeB only if:

 Effective_TA <= CP/2





       (3)

Typically, the maximum effective TA change for receiving signals from multiple UEs at the eNodeB receiver is limited to the CP length or half CP length. The TA tolerance depends on the TA value, i.e. a UE with small TA value can tolerate larger TA tolerance and vice versa. In Figure 1, configured TA value for UE A is smaller than for UE B while the maximum allowed TA tolerance is larger for UE A than UE B. 
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Figure 1: Example illustrating the relation between the TA value and TA tolerance with respective UE distance to the eNodeB
Based on the discussion above, successful PUR transmission requires following condition in (1) is met:

    ½*CP length ≥ |TA_threshold  - Received_TA|
                                   (4)
where TA_threshold is e.g. normal CP length and Received_TA is the TA associated with received PUR configuration. 
Table 2 shows the relation between configured TA value and RSRP variation assuming free-space propagation model. It is observed that that the UE can tolerate higher RSRP variation for smaller TA values and vice versa. This means, in Figure 1,  UE A can tolerate a larger RSRP variation compared to UE B due to the smaller TA. Since maximum RSRP threshold, (RSRPmax , used to validating the TA is determined and configured by the eNodeB, it is assumed that eNodeB takes into account this relation and condition in (4) when deriving the RSRP threshold and signals to the UE. If TA has changed significantly such that it affects the already configured RSRP threshold, the network node may have derive and update the RSRP threshold. 
Table 2 Example showing the relation between TA and RSRP variation

	Case
	Configured TA value (TA)
	max allowed TA change (|(TAmax|)
	Maximum RSRP variation ((RSRPmax)

	1
	0.67 µs
	2.35 µs
	18 dB 

	2
	1.33 µs
	2.35 µs
	13 dB

	3
	2.03 µs
	2.35 µs
	8.8 dB

	4
	4.7 µs
	2.35 us
	6 dB


· Observation #2: eNodeB can take into account the relation between TA value, TA tolerance and UE location when determining the maximum allowed RSRP variation for validating the TA.   

· Proposal #1: eNodeB shall signal the determined the RSRP threshold to the UE for TA validation based on serving cell RSRP change method.
In [3] it was observed that (max-RSRP depends on the direction of movement and therefore a range, comprising a minimum value and maximum value, should be used. Given that the values indicating the range are configured by the network (e.g. based on coverage level) and derived based on multiple factors such as TA change in the eNodeB, our preference is to use a single RSRP threshold. This will reduce the signaling overhead as well as the number of bits needed for configuration, and make the TA validation method more robust.

· Proposal #2: Use single RSRP threshold for TA validation method using serving cell RSRP change.

Measurement aspects:
For a UE that needs to validate the preconfigured or received TA value when the PUR transmission opportunity arrives, firstly the UE needs to determine the magnitude of the serving cell RSRP change (e.g. (RSRP ) wrt reference value and ensure that transmissions take place only when the magnitude of change is less than the signaled RSRP threshold from the eNodeB, i.e. (RSRP ≤ (max-RSRP. Taking into account the UE power consumption, UE is not expected to perform additional RRM measurement for PUR purpose, instead the latest available measurements are used to derive the relative change, (RSRP, see Figure 2. In example A, the UE uses the latest RRM measurement (2nd measurement) associated with the PUR transmission opportunity and the RRM measurement (1st measurement) closest to the time when TA was received. In example B, it is assumed the measurement occasions and the PUR transmission opportunity are aligned. 
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Figure 2 Serving cell measurement associated with TA and PUR.
· Observation #3: UE is not expected to perform additional serving cell measurement for TA validation purpose.

It is recalled that the MTC UE supports relaxed serving cell monitoring and it was agreed in [2] that the criteria for entering the relaxed serving cell measurement mode is reused from NB-IoT. Relaxed serving cell monitoring allows the UE to measure every Nth DRX cycles instead of every DRX cycle as in normal operation, and N is a singled parameter indicating the relaxation factor. It is important to note that relaxed serving cell monitoring may have an adverse impact on the reliability of TA validation method using serving cell RSRP change method since the latest measurements used for TA validation can be outdated, may not be tightly associated with the PUR configuration nor PUR transmission occasions, and may lead to incorrect TA validation result, see Figure 3. 
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Figure 3: PUR transmission under relaxed serving cell monitoring
Hence, we propose that the UE is not allowed to enter the relaxed serving cell monitoring when TA validation method using serving cell RSRP change for PUR is configured. The current list of conditions for enabling relaxed serving cell monitoring is extended to include following:

	-
WUS has been configured in the serving NB-IoT cell using WUS-Config-NB-r15, and
-
The serving cell measurement relaxation is signalled as n by the network using numDRX-CycleRelaxed-r15, and
-    TA validation method using serving cell RSRP change is not configured for PUR, and
-
Serving cell S criteria is met with at least [2] dB margin.

-
the relaxed monitoring criteria for neighbour cells in TS 36.304 [1] clause 5.2.4.12.1 is fulfilled, and


· Proposal #3: Relaxed serving cell monitoring shall not be allowed when the UE is configured with TA validation method using serving cell RSRP change for PUR. 
2.1.2 Synchronization impact 

In LTE the transmission of the uplink radio frame number 
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 otherwise. This is shown in figure 4.
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Figure 4: Uplink-downlink timing relation 
The received UL signals at the base station from all UEs transmitting uplink dedicated signals in the cell, independent of the distance to the base station, should arrive at base station in approximately the same time (e.g. well within the CP) in order for the base station to demodulate the signals from all the UEs in the same receiver FFT process.
In RRC_IDLE state the configured PUR resources and the associated timing advance command can be applicable for very long time e.g. from few seconds to several minutes or even hours. In RRC_IDLE the UE is configured with DRX cycle (e.g. 1.28 seconds etc) and may even be configured with eDRX. In DRX the UE receiver activity is very low since the UE is required to measure only once every DRX cycle and expected to monitor the paging only during the paging occasion (PO). Due to low UE receiver activity the UE synchronization level wrt the serving cell degrades over time due to the time and frequency drift. The amount of the timing and frequency drift depends on the level of activity, i.e. DRX cycle lengths. F
· Observation #4: UE synchronization level degrades due to timing and frequency drift and the amount of drift depends on the DRX configuration. 

It is worth recalling that when WUS reception performance was studied in release 15, the frequency- and timing drift of the UE was modelled in the simulation assumptions and the requirements depend on the configured DRX cycle, see Table 3 [4]. Similarly, to avoid such drift there is a need for a compensation to account for the drift and to ensure that the uplink PUR transmission arrive within the acceptable receiver window.

Table 3: Examples of frequency drift and timing drift as function of DRX cycle for Cat-M UE

	DRX cycle (s)
	Frequency drift
	Timing drift 

	0.32
	65.2
	4.69006

	0.64
	100.4
	4.69774

	1.28
	170.8
	4.72846

	2.56
	311.6
	4.85134


Figure 5 illustrates an example showing actual timings of the start of UL frame# i and DL frame# i and also the timings of the start of UL frame# i and DL frame# i as perceived by the UE due to the drift in the UE timing.
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Figure 5: Illustrating time drift in UE timing leading to incorrect estimation of starting timings of UL and DL frames # i

Based on the discussion above, we make the following proposal:

· Proposal #4:  UE shall compensate for the timing drift in the UE before PUR transmission after a period of inactivity, where the amount of compensation is FFS. 

3 Conclusion

In this contribution, we have discussed the different options identified to validate TA and provided our view on the topic. Another issue discussed (and identified in the way forward) is related to synchronization state of the UE with respect to the configured DRX/eDRX and how that affects PUR transmissions. Based on the discussions, we have made following observations and proposals:

· Observation #1:  There is a non-linear relation between RSRP changes and TA changes.   
· Observation #2: eNodeB can take into account the relation between TA value, TA tolerance and UE location when determining the maximum allowed RSRP variation for validating the TA.   

· Proposal #1: eNodeB shall signal the determined the RSRP threshold to the UE for TA validation based on serving cell RSRP change method.

· Proposal #2: Use single RSRP threshold for TA validation method using serving cell RSRP change.

· Observation #3: UE is not expected to perform additional serving cell measurement for TA validation purpose.

· Proposal #3: Relaxed serving cell monitoring shall not be allowed when the UE is configured with TA validation method using serving cell RSRP change for PUR. 
· Observation #4: UE synchronization level degrades due to timing and frequency drift and the amount of drift depends on the DRX configuration. 

· Proposal #4:  UE shall compensate for the timing drift in the UE before PUR transmission after a period of inactivity, where the amount of compensation is FFS. 
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