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1. Introduction

In the last plenary meeting, NB R16 WID was revised in [1]. Now we have the objectives for UL enhancement for NB R16 as follows,

	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




PUR has been discussed in RAN4 also for several meetings, in the last meeting the agreement in RAN4 can be found in [2] and copied as follows,

	· When TA validation based on serving cell NRSRP change method is configured:

· eNodeB determines and configures K NRSRP threshold(s) to the UE, where K is  1 or 2.

· It is FFS whether relaxed serving cell monitoring shall not be allowed when the signaled relaxation factor N is ≥ X, where X > 1. The value of X is FFS. 
· PUR transmission:

· UE shall transmit in the PUR transmission opportunity using the obtained TA 
· If UE is synchronized towards the serving cell before PUR opportunity
· Otherwise, UE may postpone the transmission to the next intended PUR transmission opportunity according to higher layer request of the UE or network configuration after UE has obtained the synchronization towards the serving cell within Tsearch, or it may drop the transmission. 
· Tsearch =the time required for NPSS/NSSS acquisition in eDRX.  In DRX, Tsearch is the time required for performing time tracking and exact duration is FFS.


For TA validation, it is RAN4 work that we should define the NRSRP measurement requirements related to delta_NRSRP validation attributes.
In our view, the remaining open issues include
The number of threshold(s) for RSRP change based TA validation

Whether serving cell monitoring relaxation is allowed when RSRP change based TA validation is used

The synchronization requirements for PUR

In this paper we will provide our views on the above open issues.

2. Discussion
2.1. Number of NRSRP thresholds
In RAN4#91, it is agreed when RSRP change based TA validation is used, the threshold(s) for RSRP change will be determined by the network. As have been discussed in many previous RAN4 meetings, RSRP is not changing linearly with the UE’s distance to eNB

when UE is close to eNB, a small distance/timing change could lead to a big RSRP change, so the threshold for RSRP change should be large, 

when UE is far away from eNB, a large distance/timing change would not cause big RSRP change, so the threshold for RSRP change should be small

The RAN4#91 agreement means that it is up to network implementation to determine the UE’s distance to eNB when PUR is configured or updated, thus configuring the proper threshold. 

The open issue is whether 1 or 2 threshold(s) should be configured. The motivation to have 2 thresholds is to allow network to configure a negative threshold for when UE moves towards the eNB, and a positive one for when UE moves away from the eNB. According to some analysis, e.g. in [2], the difference between the two thresholds can be quite large when UE is close to the eNB, so UE may unnecessarily considers the TA as invalid when moving towards the eNB if only 1 threshold is used.

Although we acknowledge the observation, there are also drawbacks in using 2 thresholds. 

First, when UE is far away from eNB e.g. >2km, the difference between the two thresholds would be marginal, so it does not make much sense to configure two thresholds for such UEs. 

Second, using 2 thresholds is more aggressive, so the reliability may be worse than 1 threshold. This is because with 2 thresholds UE is more likely to consider the TA as valid, and if due to some reasons the timing change is not reflected in the RSRP change, UE will still use the PUR when TA is invalid, which will cause the transmission failure (power waste) and interference to other UEs. This is a more severe impact than UE unnecessarily considering the TA as invalid.

Third, the signalling overhead could be larger with 2 thresholds. 
Our preference is to use 1 single threshold to make the RSRP change based TA validation simple and reliable. On the other hand, we do note that the selection between 1 or 2 threshold(s) has been discussed in RAN1 for some meetings but without conclusion. To avoid repeating the same discussion in RAN4 and make progress, one compromise could be to leave the selection between 1 or 2 threshold to network implementation, i.e. network can choose to use 1 or 2 threshold. 
Proposal 1: It is up to network implementation to use 1 or 2 threshold(s) for RSRP change based TA validation. 

2.2. Relaxed serving cell measurement

In RAN4#91 some companies proposed that relaxed serving cell monitoring should not be allowed when network configures the UE to do RSRP change based TA validation for PUR. The rationale is that with relaxed serving cell monitoring, UE may measure the serving cell RSRP once per N*DRX cycles, where N is depending on the configured relaxation factor and can be up to 8. As a results, the RSRP that is used for TA validation is more likely to be outdated, and thus may lead to validation errors.

The proposal is based on the understanding that the RSRP for PUR TA validation is re-used from mobility measurement. Although this is a possible and efficient implementation when the gap between two successive PUR transmissions is small (e.g. smaller than DRX cycle), we understand UE would likely to take additional measurement before the PUR occasion if the gap between PUR transmissions is large. In this case, UE should wake up some time before the PUR occasions it plan to use to do DL synchronizations, which we call as ‘warm-up’ period. In this warm up period the UE should do RSRP change based TA validation, thus it is where UE should measure RSRP. 

Observation 1: UE may take RSRP measurement for RSRP change based TA validation during the warm up period before the PUR occasions.

It should be noted that UE is required to measure the serving cell at least once every 10.24s, even with serving cell monitoring relaxation. The gap between two PUR transmissions, however, can be much longer. The periodicity of PUR resource is configured by network, which should be based on the characteristic of UE’s service (UE can include the periodicity in the PUR request). In addition, it is up to UE to decide which PUR occasions it will use, i.e. UE is not required to transmit on every configured PUR resource. This is shown in Figure 1. It can be seen that when the gap between two PUR transmissions is larger than 10.24s, not allowing relaxed serving cell monitoring will cause a lot of unnecessary power consumptions.

Observation 2: The gap between two successive PUR transmissions can be much longer than 10.24s, and not allowing relaxed serving cell monitoring will cause a lot of unnecessary power consumptions.
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Figure 1: example of PUR configuration, transmission and serving cell monitoring
The next question is whether relaxed serving cell monitoring should not be allowed for cases where gap between two successive PUR transmissions is smaller than 10.24s. Our view is that such a UE behaviour is not needed. The reason is that with NB-IoT, the longest DRX cycle is 10.24s, and relaxed serving cell monitoring is not defined for this DRX cycle. It means RSRP change based TA validation is supposed to work when UE monitors serving cell every 10.24s.

Observation 3: RSRP change based TA validation is supposed to work when UE monitors serving cell every 10.24s.
Based on above observations, our proposal is that relaxed serving monitoring is allowed when serving cell RSRP change based TA validation is used.

Proposal 2: Relaxed serving monitoring is allowed when serving cell RSRP change based TA validation is used.
2.3. Synchronization requirement
In RAN4#91 it is agreed that UE shall be synchronized to the network before it transmits on PUR. This is to ensure network can correctly receive the transmission, and not to cause interference to other UEs’ uplink. RAN4 also discussed the UE synchronization requirements (time to achieve synchronization) if UE misses one PUR occasion. For UE in eDRX, it is agreed that UE should achieve synchronization within the PSS/SSS acquisition, and it is FFS for DRX.

In our understanding, from requirement point of view, it is sufficient to guarantee UE is synchronized to the network when transmitting on PUR. This can be ensured by specifying the Tx timing requirement for transmission PUR, which should be same as PUSCH transmission in connected mode.

In case UE missed one PUR occasion due to not being synchronized, it would be up to UE to decide whether to use PUR for transmission or not (UE may use EDT or normal RACH or even drop the transmission). If UE chooses to use PUR, it is also up to UE to decide which PUR resource to use (it’s not necessarily the next PUR occasion UE will use). Here we see no difference between a PUR transmission and a normal PRACH transmission, for which RAN4 has not defined any synchronization requirement since Rel-8. Therefore, we propose to not define any synchronization requirement (time to achieve synchronization) related to PUR transmission.
Proposal 3: RAN4 should specify the Tx timing requirement for PUR transmission, which should be same as PUSCH transmission in connected mode. RAN4 not to define any synchronization requirement (time to achieve synchronization) related to PUR transmission.
2.4. NRSRP reference

For TA validation using NRSRP change, it is fundamental to consider how the UE is going to update the NRSRP reference otherwise this attribute cannot be feasible. For example if the UE always uses the RSRP measured when PUR is configured during connected mode while no update is specified, the performance of the NRSRP TA validation can be disastrous when the new TA is configured due to change in path or the propagation condition changes. Thus NRSRP reference should be updated with TA updates at least. It is highly related to measurement requirements that RAN4 should specify that the NRSRP measurement should be guaranteed at least for TA/NRSRP reference updates.

To consider this issue, guaranteeing the performance of the NRSRP change TA validation while making sure that UE implementation is reasonably affected is important when specifying the requirements. Under the case that the UE is configured by the network to use certain PUR resources, the UE should wake up in idle mode some time before the PUR occasions to do DL synchronizations, which for this period we usually call it ‘warm-up’ period. It is this warm up period that the UE should utilize also for NRSRP change TA validation, if configured, to measure NRSRP. Otherwise the results cannot be guaranteed feasible. Thus it is proposed by us that the UE is required to take NRSRP measurement for NRSRP change TA validation, if configured, during the warm up period of the PUR occasions.

Proposal 4: The UE is required to take NRSRP measurement for NRSRP change TA validation, if configured, during the warm up period of the PUR occasions.
3. Conclusion
In this paper, we provide opinions on the RRM requirement methodology regarding the PUR. 
Proposal 1: It is up to network implementation to use 1 or 2 threshold(s) for RSRP change based TA validation. 

Observation 1: UE may take RSRP measurement for RSRP change based TA validation during the warm up period before the PUR occasions.

Observation 2: The gap between two successive PUR transmissions can be much longer than 10.24s, and not allowing relaxed serving cell monitoring will cause a lot of unnecessary power consumptions.
Observation 3: RSRP change based TA validation is supposed to work when UE monitors serving cell every 10.24s.
Proposal 2: Relaxed serving monitoring is allowed when serving cell RSRP change based TA validation is used.
Proposal 3: RAN4 should specify the Tx timing requirement for PUR transmission, which should be same as PUSCH transmission in connected mode. RAN4 not to define any synchronization requirement (time to achieve synchronization) related to PUR transmission.
Proposal 4: The UE is required to take NRSRP measurement for NRSRP change TA validation, if configured, during the warm up period of the PUR occasions.
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