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1 Introduction
Release 16 work item on NB-IoT enhancements includes following objective [1]:

	Improved UL transmission efficiency and/or UE power consumption:

· Specify support for transmission in preconfigured resources in idle and/or connected mode based on SC-FDMA waveform for UEs with a valid timing advance[RAN1, RAN2, RAN4]

· Both shared resources and dedicated resources can be discussed

· Note: This is limited to orthogonal (multi) access schemes


The work to realize this objective has commenced in RAN1, which has discussed and reached some agreements as informed to RAN4 in the LS [2], see below:
	NB-IoT Agreements

In idle mode, at least the following TA validation attributes are supported:

· Serving cell changes (serving cell refers the cell that the UE is camping on)

· Time Alignment Timer for idle mode 

· Serving cell NRSRP changes (serving cell refers the cell that the UE is camping on)

· Based on NRSRP measurement definition in existing Rel-15 TS36.214

The UE can be configured to use at least these TA validation attributes:

· Time Alignment Timer for idle mode 

· Serving cell NRSRP changes 

· Note: the configuration shall support disabling of the TA validation attributes


In this contribution, we discuss the RRM impact of these TA validation attributes. 

2 Discussion 

2.1 Background
The transmission in IDLE mode using preconfigured uplink resources is realized once a UE has obtained fromCONNECTED mode a timing advance (TA) command, which will later be used in IDLE mode for adjusting the timing in the uplink transmission. However, the uplink transmission using PUR in IDLE mode may not take place immediately and can occur later in time. The consequence of this behaviour is that the received TA may not be valid any longer, for example due to UE mobility, change of surrounding environment, UE timing drift etc. To solve this problem, RAN1 has identified three different TA validation attributes that are used by the UE to validate the received timing advance (TA) command in CONNECTED state prior to PUR transmission [2]:
· Serving cell changes (serving cell refers the cell that the UE is camping on)

· Time Alignment Timer for idle mode 

· Serving cell RSRP changes (serving cell refers the cell that the UE is camping on)

· Based on RSRP measurement definition in existing Rel-15 TS36.214

The second and third attributes are configurable by the network, and their RRM aspects are discussed in section below. 
2.2 Discussions
2.2.1 Serving cell changes
The first attribute is related to change of serving cell, i.e. the received TA is considered invalid when the serving cell changes. It is an obvious attribute and should be considered when defining the RRM requirements in TS 36.133.
· Proposal #1: Define RRM requirements for PUR based on serving cell change as one of the TA validation attributes. 
2.2.2 Time Alignment Timer for IDLE mode 

The second attribute is related to time alignment timer in IDLE mode. The NB-IoT UE can be configured with either DRX or eDRX in IDLE mode. When not configured with eDRX, the UE is required to measure RSRP and RSRQ level of the serving cell and evaluate the cell selection criterion at least once every DRX cycle. A UE configured with eDRX, on the other hand, is required to measure and evaluate the cell selection criterion at least once very PTW.   
Under DRX operation, the UE receiver frequency and timing can drift and the exact drift depends on the DRX cycle length. Generally, the drift increases with DRX cycle lengths as the receiver is switched off for longer duration. The drift induces error in UE timing wrt the serving cell. For NB-IoT wake-up signal simulations, following frequency- and timing drifts were assumed:
Table 1 Frequency and timing drifts with respect to DRX cycles [3]
	DRX cycle (s)
	Frequency drift [Hz]
	Timing drift [s]

	1.28
	170.8
	4.0960e-08

	2.56
	311.6
	1.6348e-07

	5.12
	593.2
	6.5536e-07

	10.24
	1156.4
	2.6212e-06
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Figure 1 UE synchronization states in RRC_IDLE state
A UE configured with eDRX is required to wake up and perform RRM measurements during DRX ON durations within the PTW window. UE typically switches its receiver chain off between two PTWs to save power, and this duration can be quite long. UE activity in IDLE mode is illustrated in Figure 1, where the time between two PTWs is split into two sub-durations, T1 and T2. The UE can still maintain the synchronization accuracy to an acceptable level for a certain duration (denoted as T1 in Figure 1) after active period (e.g. DRX ON duration when it is configured with a certain DRX cycle, and thereafter (denoted as T2 in Figure 1) the synchronization accuracy becomes too poor to carry out reliable transmissions. Therefore, no PUR transmission should be allowed during T2 window and the originally planned transmission can be either suspended, delayed or released. The exact length of T1 and T2 may further depend on DRX cycle configuration used by the UE in the transmitted cell. The motivation for not carrying out the PUR transmissions during time period T2 is that if UE is not well synchronized wrt the serving cell, then the UE PUR transmissions are very likely to fail especially if they arrive at the serving BS outside the CP length. Therefore, such transmissions should be avoided as they can cause unwanted interference in the network, and they will also waste the radio resources. The values of T1 and T2 depends on the configured DRX cycle, but it may also depend on UE’s ability to maintain a certain synchronization accuracy. The exact values can be discussed, and determined based on company’s proposals. Likewise, no PUR resources should be configured or requested for transmission during this period. 
· Observation #1:   The UE can be out of synchronization between two PTWs, and during this time PUR transmissions are unreliable.  
· Proposal #3: PUR transmission should not be allowed during time period T2 where UE is not in synchronization towards the transmitted cell. 

· Proposal #3: No PUR resources should be configured or requested for transmission during time period T2 where UE is not in synchronization towards the transmitted cell. 

2.2.3 Serving cell RSRP changes
The third attribute is related to serving cell RSRP changes. It is important to note 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 3, 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 base station 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 3: Relation between the change in path loss and change in TA

	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 3 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 in Table 3, 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 received TA then the eNodeB won’t be able to receive the signals and will also degrade the reception of signals from other UEs. 

· Observation #2:  There is a non-linear relation between RSRP changes and TA changes.   
For a UE which needs to validate the preconfigured 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 (i.e. measured RSRP value at time TA was received) and ensure that transmissions take place only when the magnitude of change is less than a certain threshold, i.e. (RSRP ≤ (max-RSRP. When determining the (max-RSRP, its relation to TA value change should be taken into account since RSRP value is affected by the pathloss between the eNodeB and UE. One simple approach to determine the (max-RSRP  is based on a maximum allowed TA change ((TAmax) . The maximum allowed TA change ((TAmax) should be set to ½*CP, this allows all transmitted UE signals to be arrived within ½*CP window. The UE is allowed to carry out the PUR transmission only if the change in the magnitude of the serving cell RSRP ((RSRP) is less than (max-RSRP and the TA change is less than (TAmax. 
For example, after obtaining the initial TA, it is possible for the UE to move +/-4.7/2 *300 = +/- 705m towards or away from the eNodeB until the signal falls outside the ½ CP window. This results in a certain RSRP variation depending on the original position of the UE. If the TA value is 3 us, then the distance to eNodeB becomes 3*300 = 900 meter, and the allowed RSRP variation becomes 20 log ((900+705)/900)= +/- 5 dB. In another example, if the TA value is 1 us, the distance to eNodeB becomes 300 meter, and this results in an allowed RSRP variation of 20 log(300 +705)/300)= +/10 dB.

· Observation # 3: The allowed RSRP variation ((max-RSRP) decreases with increased distance to the base station. 
· Proposal #4: PUR transmissions are allowed only when maximum serving cell RSRP change is less than (RSRP and received TA is less than (TAmax. 
3 Conclusion

In this contribution, we have discussed RRM impact for transmission using preconfigured uplink resources based on the received LS in [2]. We have analyzed the three different attributes that were listed in the LS as means for validating the TA, and made following observations and proposals:
· Observation #1:   The UE can be out of synchronization between two PTWs, and during this time PUR transmissions are not possible.  
· Proposal #1: Define RRM requirements for PUR based on serving cell change as one of the TA validation attributes. 

· Proposal #2: Time alignment timer value should be set taking into account the frequency and timing drifts of configured DRX cycle of the UE.  

· Proposal #3: No PUR resource should be configured during the time UE is out of synchronization between two PTWs. 

· Proposal #4: PUR transmissions are allowed only when maximum serving cell change is less than (RSRP and received TA is less than (TAmax. 
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