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1. Introduction

In RAN4#92, the RRM requirements for PUR in Rel-16 NB-IoT is discussed. The following agreements are captured in the WF [1].

	· Both in serving cell relaxed monitoring mode and in serving cell non-relaxed monitoring mode, if UE is configured with NRSRP change for TA validation, the first and the second measurements used for validating the TA shall satisfy the following conditions
· The first measurement (NRSRP1) shall be performed within following time range: T1 – N ≤ T1’ ≤ T1 + N;
· The second measurement (NRSRP2) shall be performed within following time range: T2 – M ≤ T2’<T2;
· Where T1’ is the time when NRSRP1 becomes available, T1 is the time when TA is obtained, N is TBD, T2’ is the time when NRSRP2 becomes available, T2 is the time when TA is validated, M TBD. 
· Relaxation on serving cell monitoring is allowed regardless of TA validation mechanism.
· eNB can configure the UE with any of K=1 and K=2, i.e. one or two thresholds for validating the TA when configured with serving cell measurement change attribute. 


In addition, RAN4 has sent LS [2] to RAN2, which mentions that RAN4 will further study the range and resolution of thresholds for serving cell RSRP change based TA validation.

	The range of the measurement threshold(s) are specified as follows:
· between N dB to M dB with TBD resolution when two thresholds (K=2) are used excluding 0 dB value where N<0, and M>0.

· between H dB to L dB with TBD resolution when single threshold (K=1) is used excluding 0 dB value where H>0, and L>0 and L>H. 

RAN4 will inform RAN2 about the values of N, M, H, L and the resolution at next meeting. 


The remaining open issues for PUR requirements in our understanding mainly include

· time range where NRSRP should be performed with respect to when TA is obtained and validated 

· range and resolution of thresholds for serving cell NRSRP change based TA validation

In this paper, we will provide our views on the remaining open issues for PUR requirements. In our parallel paper [3], the same proposals apply also for eMTC.
2. Discussion
2.1. Time range for NRSRP measurement 

When serving cell RSRP change is configured as a TA validation mechanism, UE would compare the latest RSRP measurement before TA is to be validated to the reference RSRP which is obtained when TA is configured or updated. If the difference is larger than a threshold, UE will consider the TA as invalid. This is shown in Figure 1.
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Figure 1: Illustration of serving cell RSRP change based TA validation

On the other hand, in idle mode UE measurement of serving cell is mainly depending on serving cell condition. As the DRX/paging configuration and PUR configuration are independent, it may happen that the time when UE takes the RSRP measurement is far from the time when the RSRP is used (as reference or for validation). As the measurement could be outdated, the validation may be incorrect.

To overcome the problem, RAN4 agrees to define new UE requirements such that RSRP measurement should be performed within a certain time range around the time when TA is obtained ([-N,+N]) and the time when TA is validated ([0,+M]).  

A small value for M and N means the RSRP are taken close to when TA is obtained or validated, so the validation will be accurate, but UE may need to perform more additional measurements than for cell reselection, so the power consumption may be increased. 

Considering the trade-off, we propose to define both M and N as 320ms. 

· On one hand, UE movement will be rather limited in this time range, e.g. even with 120km/h velocity, the distance UE could have moved is only 10m, so it should be sufficient for the RSRP measurement to be up-to-date for TA validation. 

· On the other hand, UE would be receiving PDCCH/PDSCH when TA is configured or updated and performing an RSRP measurement in [-320ms, +320ms] window should not cause big power consumption. Also, UE may need to do synchronization before PUR transmission, e.g. if it has not synchronized to the network for a relative long time, so it can also take RSRP measurement during this warm-up period without causing much additional power. 

Proposal 1: UE should perform NRSRP measurement within time range 

· [T1-320ms, T1+320ms], where T1 is the time when TA is obtained

· [T2-320ms, T2], where T2 is the time when TA is validated

2.2. Range and resolution for the RSRP threshold(s)

In RAN4#92 it is agreed that number of threshold(s) for RSRP change is up to network configuration, and can be 1 or 2, and RAN4 will discuss the range and resolution of the threshold(s). 

As have been extensively discussed in RAN4 and RAN1, the threshold should correspond to a distance change that will cause existing TA to be invalid. A common understanding is that the allowed distance change 703m, since if the distance change is larger, the UL timing error from eNB perspective will be larger than CP length. We will use this as assumption to analyse the range of the threshold(s).

As RSRP is in log domain, the RSRP change for the same distance change of 703m is depending on the initial location of the UE in the cell (initial distance to the eNB). This is illustrated in Figure 2 ,which is based on pathloss model L [dB] = M+37.6*log10(d), d in km, where M=120.9 for 900 MHz.
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Figure 2: RSRP change corresponding to D=703m distance change
The maximum value of the threshold(s) should be determined considering UE close to eNB. 

· When UE is moving away from eNB, if we consider UE is at the eNB (initial distance is zero), the threshold will be very large, which is not feasible to be covered in the threshold configuration. We think it should be enough to consider 100m as smallest initial distance, which leads to threshold around 34dB. 

· When UE is moving towards eNB, the smallest initial distance should be 703m, as TA will be always valid if the initial distance is less than 704m and UE moves toward eNB. This leads to threshold around 22dB.

The minimum value of the threshold(s) should be determined considering UE far away from eNB. For eMTC the cell range could be very large with coverage extension, so we propose to consider 5000m as the largest initial distance. This leads to 2dB threshold (the difference is rather small between UE moving towards and moving away from eNB). 
On the resolution, we understand it is a trade-off between the accuracy and the overhead of the configuration. We cannot cover very fine distance resolution like 1m as the resolution of the threshold could be very small like 0.01dB, which would require huge number of bits in the threshold configuration. We think it is reasonable to take 100m as the distance resolution, meaning if two UEs are with initial distances X and Y, and if |X-Y|<100m, they will apply the same threshold. 

It is obvious that a larger resolution is needed for UEs with small initial distance, e.g. if we consider UE with 100m initial distance, the threshold should be 34dB, while the next initial distance 200m corresponds to 24dB threshold. Similarly, UEs with large initial distance would need a small resolution. Based on this principle, we propose to define the resolution as 4dB for threshold above 10dB, and as 2dB for threshold lower than 10dB.
Proposal 2: The range and resolution of threshold for NRSRP change is 

· From 34dB to 10dB with 4dB resolution, and from 10dB to 2dB with 2dB resolution, for K=1 and the positive threshold for K=2 (for UE moving away from eNB) 
· From -22dB to -10dB with 4dB resolution, and from -10dB to -2dB with 2dB resolution, for the negative threshold for K=2 (for UE moving towards eNB) 
3. Conclusion
In this paper we provided our views on the remaining open issues for PUR requirements. In our parallel paper [3], the same proposals apply also for eMTC.
Proposal 1: UE should perform NRSRP measurement within time range 

· [T1-320ms, T1+320ms], where T1 is the time when TA is obtained

· [T2-320ms, T2], where T2 is the time when TA is validated

Proposal 2: The range and resolution of threshold for NRSRP change is 

· From 34dB to 10dB with 4dB resolution, and from 10dB to 2dB with 2dB resolution, for K=1 and the positive threshold for K=2 (for UE moving away from eNB) 
· From -22dB to -10dB with 4dB resolution, and from -10dB to -2dB with 2dB resolution, for the negative threshold for K=2 (for UE moving towards eNB) 
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