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Introduction
In the RAN4#90-Bis meeting, we presented our view on PUR and TA validation based on serving cell change, TAT expiry, and RSRP change attributes [1]. Based on Way Forward [2], the following are yet open to discussion: 

· 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 paper, we present our views on serving cell RSRP change based TA validation.
Discussion
We first discuss the timeline for PUR transmission based on RAN1 agreements so far. The vast majority of agreements thus far has been on “dedicated PUR in idle mode”. Hence, this discussion will also be based on dedicated PUR in idle mode. Figure 1 illustrates the timeline for PUR configuration and UL transmission. 


Figure 1 PUR Timeline

UE receives PUR configuration through RRC signaling. The PUR configuration includes PUR resource configuration (time domain resources including periodicity, number of repetition, number of Rus, starting position, frequency domain resources, TBS(s)/MCS(s), … ), the PUR search space configuration (MPDCCH narrowband location, MPDCCH repetitions and aggregation levels, …), and PUR TA attributes and the corresponding details (serving cell change, TAT threshold, RSRP threshold(s), …). After PUR configuration via RRC, RRC connection is released and UE enters idle mode. 
From this point, UE schedules its wakeup time according to PUR occasions and (e)DRX occasions. Similar to (e)DRX occasions, UE wakes up some time before the UL time domain resource, synchronizes with serving cell (which may or may have not changed), adjusts its DL/UL timing, measures RSRP, validates the configured PUR attributes, and acts according to the validation results. In Figure 1, the first PUR occasion marked in green is shown to pass all PUR TA validation attributes. Hence UE transmits UL in the configured time/frequency resource and then monitors MPDCCH for a configured period of time after UL transmission. MPDCCH monitoring is to determine whether 1) eNB has successfully received the UL transmission, and/or 2) eNB has updated PUR configurations and parameters. In the green example above, it is assumed that UL transmission was received successfully by eNB. After MPDCCH monitoring period, UE goes back to sleep. In the second PUR occasion in Figure 1 (marked by white), it is assumed that UE has nothing to transmit in the UL. Whether UE needs to perform any actions (such as monitoring of MPDCCH for possible PUR reconfiguration) is still being debated in RAN1. In the third PUR occasion in Figure 1 (marked by red), it is assumed that all TA validation attributes pass. However, eNB does not receive the UL transmission successfully and NACKs it and also configures UE with a dedicated UL grant in which UE retransmits the failed transmission. In the last PUR occasion (also marked by red), it is assumed that at least one of the configured TA validation attributes fail and hence UE cannot send in configured time/frequency resource. In this case, UE falls back to legacy RACH or early data transmission (EDT). 
We now discuss the need for UE synchronization before PUR configured UL time resource. In between PUR occasions, UE can lose synchronization either due to timing drift and/or mobility. As in [3], the timing drift can be derived based on carrier frequency, residual frequency error, and time between PUR occasions. For carrier frequency of 2.2 GHz and 0.05ppm residual frequency, the timing drift in seconds and in percentage of CP length are tabulated in Table 1 for different PUR occasion periods.
 Table 1 Time drifts based on PUR occasions
	PUR occasion periods (s)
	Timing Drift [s]
	Timing Drift (% of CP)

	1.28
	4.0960e-08
	0.9

	2.56
	1.6348e-07
	3.5

	5.12
	6.5536e-07
	14

	10.24
	2.6212e-06
	56



Table 1 shows that depending on the time lapse between PUR occasions, UE may have to perform synchronization upon wake up before taking any further actions. For instance, PUR periodicity of 10.24 s can lead to more than ½ CP of time drift. It is noted that 0.05ppm residual frequency error is very optimistic compared to real-life scenarios.
Observation 1. Depending on the time lapse between PUR occasions, UE may have to perform synchronization upon wake up before taking any further actions.
In previous RAN4 meetings, it was argued that no PUR transmission should be performed after long (e)DRX cycles as UE loses synchronization. In our understanding, there is no relationship between (e)DRX cycles and PUR transmissions. Furthermore, PUR is envisioned to be enabled with potentially much longer periods in order of minutes. Given the above discussions on timing drift, UE would have to perform synchronization upon wakeup anyway similar to long (e)DRX cycles where UE wakes up to monitor paging. PUR may or may not be aligned with (e)DRX cycles. In HD mode, NW will not be able to align PUR occasions with (e)DRX cycles as UE can either receive or transmit. NW may align PUR occasions with DRX by some non-zero offset at the expense of prolonging on-duration time, for instance, but these are still under discussion in RAN1.
Observation 2. While in general there is no relationship between PUR occasions and DRX cycles, PUR may or may not be aligned with DRX. In HD mode, NW will not be able to align PUR occasions with (e)DRX cycles as UE can either receive or transmit. NW may align PUR occasions with DRX by some non-zero offset at the expense of prolonging on-duration time, for instance, but these are still under discussion in RAN1.
Proposal 1. PUR can be allowed with long time lapses between successive occasions if UE synchronizes upon wake up before configured UL time resource similar to monitoring of paging occasions in long PTW. 
Next, we discuss TA validation based on serving cell RSRP change. It has been argued that serving cell RSRP change is non-linear as a function of TA and may have to be augmented with a secondary condition such as TA change, DL timing change, or lower and upper threshold for RSRP change [4-5].
UE uses the last known valid TA for UL transmission in PUR. It is possible that UE receives an adjustment in TA during PUR configuration update in MPDCCH monitoring period immediately after UL time resource. So TA change can only be assessed after UL transmission which is too late for augmenting serving cell RSRP. Alternatively, if PUR TA validation fails, UE receives an updated TA through RACH procedure but this is also not helpful in augmenting serving cell RSRP change. 
Observation 3. UE may receive an adjustment in TA during PUR configuration update in MPDCCH monitoring period immediately after UL time resource. So TA change can only be assessed after UL transmission which is too late for augmenting serving cell RSRP. Alternatively, if PUR TA validation fails, UE receives an updated TA through RACH procedure but this is also not helpful in augmenting serving cell RSRP change. 
UE’s DL/UL timing can change due to either mobility or timing drift as explained earlier. However, there is no way for UE to distinguish the underling reason behind timing drift. Moreover, timing change due to mobility and drift can be in the same direction thereby exaggerating the effect of mobility or opposite directions thereby appearing to cancel the effect of mobility. Either way, this is seamless to UE.
Observation 4.  UE’s DL/UL timing can change due to either mobility or timing drift and the reason is indistinguishable to UE. Moreover, timing change due to mobility and drift can either be in the same direction thereby exaggerating the effect of mobility or opposite directions thereby appearing to cancel the effect of mobility.
Based on these arguments, UE is incapable of augmenting serving cell RSRP change with TA change or DL/UL timing change. NW is more suited to control PUR TA validation through proper configuration of parameters, attributes, and thresholds.
Proposal 2. UE is incapable of augmenting serving cell RSRP change with TA change or DL/UL timing change. NW is more suited to control PUR TA validation through proper configuration of parameters, attributes, and thresholds. RAN4 to remove option 1: 
· Option 1: Using relative RSRP change together with TA change or DL/UL timing change 

Conclusions
Observation 1. Depending on the time lapse between PUR occasions, UE may have to perform synchronization upon wake up before taking any further actions.
Observation 2. While in general there is no relationship between PUR occasions and DRX cycles, PUR may or may not be aligned with DRX. In HD mode, NW will not be able to align PUR occasions with (e)DRX cycles as UE can either receive or transmit. NW may align PUR occasions with DRX by some non-zero offset at the expense of prolonging on-duration time, for instance, but these are still under discussion in RAN1.
Proposal 1. PUR can be allowed with long time lapses between successive occasions if UE synchronizes upon wake up before configured UL time resource similar to monitoring of paging occasions in long PTW. 
Observation 3. UE may receive an adjustment in TA during PUR configuration update in MPDCCH monitoring period immediately after UL time resource. So TA change can only be assessed after UL transmission which is too late for augmenting serving cell RSRP. Alternatively, if PUR TA validation fails, UE receives an updated TA through RACH procedure but this is also not helpful in augmenting serving cell RSRP change. 
Observation 4.  UE’s DL/UL timing can change due to either mobility or timing drift and the reason is indistinguishable to UE. Moreover, timing change due to mobility and drift can either be in the same direction thereby exaggerating the effect of mobility or opposite directions thereby appearing to cancel the effect of mobility.
Proposal 2. UE is incapable of augmenting serving cell RSRP change with TA change or DL/UL timing change. NW is more suited to control PUR TA validation through proper configuration of parameters, attributes, and thresholds. RAN4 to remove option 1: 
· Option 1: Using relative RSRP change together with TA change or DL/UL timing change 
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