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1 Introduction
Most open issues of preconfigured uplink resources (PUR) have been resolved, and CR drafting work is remaining for release 16 MTC. The CRs were discussed at last meeting with very limited progress. 
In this contribution, we walk through all the agreements that have been made in RAN4 for PUR and provide our view on how to capture them in the specification.
2 Discussion 
The PUR RAN4 discussions can be divided into two parts, synchronization and UE measurements. 
Synchronization requirements

Firstly, the synchronization requirements, i.e. whether or not UE is allowed to transmit PUR when UE is (un)synchronized to the serving cell and associated UE behavior was discussed and following agreement was made [1]:

	· 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 PSS/SSS acquisition in eDRX.  In DRX, Tsearch is the time required for performing tracking loop and exact duration is FFS.


In the above agreement 960 ms is the time required for reading PSS/SSS in normal coverage, and 320 seconds in enhanced coverage, and they are derived by excluding the L1 measurement period Tmeasure from the total cell identification delay Tidentify_intra assuming gap ID#0 in Table 8.13.2.1.1.1-1 and Table 8.13.3.1.1.1-1  in [7]. In the above agreement, Tsearch is FFS for the normal DRX and following further agreement was made at RAN4#94-e-bis meeting [9]:
	· In current agreements Tsearch is FFS when the UE is not configured with eDRX [R4-1907733]. Tsearch is the time required for performing tracking loop.
· Proposals for Tsearch in normal DRX
· Option 1: Tsearch = 5 SF in normal coverage and enhanced coverage
· Other options are not precluded.


It was commented during the last meeting that there is no need to define the synchronization time for the normal DRX since that the minimum PUR periodicity is 82 seconds and it is considerably long compared to the maximum amount of synchronization time. We understand this aspect, and we can agree to define the synchronization requirements only for eDRX case if companies have strong concern. It is however preferable to have complete set of requirements that cover all possible scenarios. 

The above agreement is especially important for PUR operation for UEs configured eDRX wherein the UE is typically unsynchronized towards the serving cell between two PTWs since the time between two PTWs can be very long, please note that this time can be significantly longer than the minimum PUR periodicity. Also important to note that PUR periodicity is not always aligned with the DRX/eDRX configuration which means the PUR transmission occasion can take place anytime between two PTWs. This means, the PUR transmissions can occur anytime between two PTWs where the UE is expected to be out of synchronization. In such cases, it is important to specify the expected behavior to avoid the risk of the UE choosing to drop the PUR transmission, in fact it may not even try to synchronize to be able to transmit. For example, if UE has sufficient time to perform the synchronization before PUR transmission, the UE should try to do so and make the transmission instead of dropping or postponing the whole transmission. In our view, it is an important problem and valid scenario that needs to be addressed, and the agreement in 4.7.3.2 addresses this problem. 

· Observation: It is important to have synchronization requirements for PUR transmission especially for UEs configured with eDRX. 

This part of the agreement is captured in section 4.7.3.2 in the CR [10], are reproduced here for convenient reading. The above agreements apply to both normal and enhanced coverage and have therefore been captured in one high-level section.
	2.1.1.1 4.7.3.2
Requirements on UE synchronization for transmission using PUR 

The requirements in this clause are applicable for the UE in normal coverage or in enhanced coverage.

The UE is allowed to transmit using the preconfigured uplink resources provided that the UE is synchronized towards the serving cell prior to transmission. Otherwise, the UE shall postpone the transmission until the next PUR transmission occasion which occurs immediately after the UE has obtained the synchronization towards serving cell within Tsearch, where: 

· Tsearch is the time required by the UE for synchronizing towards the serving cell:

· Tsearch = 5 ms when the UE is not configured with eDRXin normal and enhanced coverage

· Tsearch = 960 ms when the UE is configured with eDRX in normal coverage

· Tsearch = 320 s when the UE is configured with eDRX in enhanced coverage

The UE determines the PUR transmission occasion according to the received PUR configuration [TS 36.331]. 

If the UE is not able to obtain the synchronization towards the serving cell then the UE shall drop the PUR transmission. 




Measurement requirements
The second part of the requirements are related to the measurements used for validating the TA for PUR transmission. 
It was agreed in [2] that the first and the second measurements used for validating the TA shall fulfill the following conditions:
	· The first measurement (RSRP1) shall be performed within following time range: T1 – N ≤ T1’ ≤ T1 + N;

· The second measurement (RSRP2) shall be performed within following time range: T2 – M ≤ T2’<T2;


The values of M and N were later agreed in [3, 4] as follows:
	· M = min (Tmeasure_intra_UE cat M1 in nonDRX, DRX_cycle length)

· N = min (Tmeasure_intra_UE cat M1 in nonDRX, DRX_cycle length)

When TA is obtained in RRC_CONNECTED mode: M=[TEvaluate_Qin_CatM1/2]

In normal coverage, the values of M and are derived as min(480 ms, NxDRX cycle).

In enhanced coverage, the values of M and are derived as min(800 ms, NxDRX cycle).




The above agreements have been captured in the CR in a more compact way in [8] compared the original CR presented at last meeting. Since most text in normal and enhanced coverage are similar, the section has been restructured to reduce the redundant text as pointed out by some company at previous meeting. 

Moreover, it was agreed in [5] that the TA can be validated using single (K=1) and double (K=2) thresholds depending on the eNB configuration. RAN2 has captured these agreements as follows in [6]:
	2.1.1.2 5.3.3.x
Timing alignment validation for transmission using PUR
A UE shall consider the timing alignment value for transmission using PUR to be valid when all of the following conditions are fulfilled:
1>
if pur-TimeAlignmentTimer is configured:

2>
pur-TimeAlignmentTimer is running as confirmed by lower layers;
1>
if pur-RSRP-ChangeThreshold is configured:

2>
since the last TA validation, the serving cell RSRP has not increased by more than rsrp-IncreaseThresh; and

2>
since the last TA validation, the serving cell RSRP has not decreased by more than rsrp-DecreaseThresh;


In light of the above RAN2 agreements, this part of the agreement has been removed in RAN4 CR. It is noteworthy that RAN4 also made some further agreements related to validity of the first and the second measurements that are used for calculating the relative change in the serving cell measurement, and they are not captured in the RAN2 CRs. More specifically, as per RAN4 agreement in [2, 4] the first measurement is considered valid when following condition is met:
	(T1 – min(480 ms, N( DRX cycle)) ≤  T1’ ≤  (T1 + min(480 ms, N(DRX cycle)) for normal coverage

(T1 – min(800 ms, N( DRX cycle)) ≤  T1’ ≤  (T1 + min(800 ms, N(DRX cycle)) for enhanced coverage


And the second measurement is considered valid when [2, 4]:

	T2 – min(480 ms, N(DRX cycle) ≤ T2’ ≤ T2 for normal coverage
T2 – min(800 ms, N(DRX cycle) ≤ T2’ ≤ T2 for enhanced coverage


The above requirements on the validity of the first and second measurements need to be captured in the RAN4 CR. 
Based on the above discussions, sections 4.7.2.3 and 4.7.2.4 have been restructured, and merged into single section. 

All above agreements have been captured in our revised CR in [8].
3 Conclusion

In this contribution we have gone through all PUR agreements that were made in past meetings, and explained how they are captured in the CR. Since companies spent a lot of valuable time and effort in analyzing and discussing the PUR feature which eventually resulted in the above agreements, it is important that they are properly captured the CR 36.133. It is important that the synchronization requirements as agreed earlier are captured in the specification to ensure proper PUR performance especially in eDRX where the UE can be out of synchronization for much longer time compared to the minimum PUR periodicity. This means, only if the UE is not provided with sufficient time to acquire the synchronization the UE is allowed to skip the intended PUR transmission. The time to acquire the synchronization towards the serving cell for PUR is defined as follows:
· Tsearch = 5 ms when the UE is not configured with eDRX in normal and enhanced coverage

· Tsearch = 960 ms when the UE is configured with eDRX in normal coverage

· Tsearch = 320 s when the UE is configured with eDRX in enhanced coverage

· Observation: It is important to have synchronization requirements for PUR transmission especially for UEs configured with eDRX. 

4 References

[1] R4-1907733, “Way forward on Rel-16 MTC RRM enhancement”, Ericsson, Nokia, Nokia Shanghai Bell , Qualcomm Incorporated, Huawei, HiSilicon, Sierra Wireless, S.A., May 2019
[2] R4-1910107, ”Way forward on Rel-16 MTC RRM enhancement”, Ericsson, Qualcomm Incorporated, Huawei, HiSilicon, August 2019
[3] R4-1912735, “Way forward on Rel-16 MTC RRM enhancement”, Ericsson, Huawei, HiSilicon, Qualcomm Incorporated, Nokia, Nokia Shanghai Bell, October 2019
[4] R4-1915889, ”Way forward on Rel-16 MTC RRM enhancement”, Ericsson, Nokia, Nokia Shanghai Bell, Qualcomm Incorporated, Huawei, HiSilicon, November 2019
[5] R4-1910176, “LS on signalling measurement thresholds for validating the TA for PUR”, RAN WG4
[6] R2-2001873, “Introduction of Rel-16 eMTC enhancements”, Qualcomm Incorporated

[7] TS 36.133 V16.5.0

[8] R4-2004188, “Introduction of requirements for preconfigured uplink resource transmission for cat-M1”, Ericsson, Nokia, Nokia Shanghai Bell, April 2020

[9] R4-2005288, “WF on Rel-16 MTC RRM requirements”, Ericsson, April 2020

[10] R4-2007884, “Introduction of requirements for preconfigured uplink resource transmission for cat-M1”, Ericsson, May 2020

