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1 Introduction
In RAN2#89 it was agreed to study DRX mechanisms exceeding the maximum DRX cycle length (i.e. beyond 5.12 sec), but also exceeding the SFN range (i.e. beyond 40 sec). The maximum value for the extended DRX cycle is FFS. 
In this contribution the measurement requirements associated with a DRX cycle length exceeding the legacy DRX are studied. First the measurements for extended DRX (eDRX) (beyond 40 sec) assuming a timer based solution are discussed. Next the measurements for a long DRX (up to 40 sec) assuming an SFN based solution are discussed. 

2 Discussion
2.1 Measurements with an extended DRX (eDRX)
To enable a very sleeping time, beyond the SFN range of 40 sec, a timer based solution is proposed [1]. The device is either in the sleep period (Tsleep), i.e. the device is in a deep sleep mode and not reachable. Or the device is in the DRX period (TDRX), i.e. the device is monitoring the legacy Paging Occasions (PO) and is reachable. In case there is no traffic the UE is alternating in the sleep and DRX period: 
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When the device is sleeping the device is in a very low power consumption mode (e.g. deep sleep) to obtain the best possible battery lifetime and should then not be required to perform measurements. When the device is in the DRX period the device is monitoring the legacy DRX and is able to perform measurements according to the legacy DRX measurement requirements [2]. 
Proposal 1: Study eDRX measurements where the UE is only required to measure during the DRX period, i.e. the UE fulfills the legacy DRX measurement requirements during the DRX period.

When the device goes to sleep it will wake up again in time for the first Paging Occasion (PO) of the serving cell in the DRX period. When the device wakes up in the same cell as when it went to sleep the device can monitor incoming pages from the first PO and perform measurements according to the existing legacy DRX measurement requirements.
However when the device has been sleeping for a long time, and specifically when the device is mobile, the device may wake up in another cell. But even when the device is stationary it could also have lost the serving cell (e.g. due to external object blocking the serving cell, or due to serving cell failure). Also note that in the legacy DRX (i.e. short DRX) the UE may wake up in another cell and have lost the serving cell. But in the legacy DRX the UE is more likely to detect a stronger cell in time and re-select to it because the measurements are performed more frequently. When the UE has to perform cell re-selection the UE may miss an incoming page in the legacy DRX (the SFNs of the cells are not synchronized, i.e. POs are mapped differently). 

When the device wakes up in a new cell and has lost the serving cell the UE will first detect by means of serving cell CPICH measurements and failure to sync with the cell, that the serving cell has been lost. Next the UE will try to find a suitable cell as soon as possible, e.g. start intra-frequency cell search (which for example may take 200 ms). The UE may use stored neighbour cell information to find cells more quickly. In case the UE is required to start inter-frequency cell search, because no intra-frequency cells can be found, the measurements will take longer time. If the UE is still in coverage, the UE will find a suitable cell, and select that cell to camp on. The UE will read the MIB and system information from the selected cell (e.g. 1-2 sec). In Idle mode the UE will start monitoring the Paging Occasions of the new cell. In CELL_PCH state the UE will trigger the CELL UPDATE procedure, and in URA_PCH state the UE will trigger URA Update, when the UE has changed URA. After the UE returns into CELL_PCH/URA_PCH state from CELL/URA UPDATE the UE will also start monitoring the Paging Occasions of the new cell. Once the UE has selected a new cell at the start of the DRX period, and has started monitoring the PICH, the UE performs measurements according to the legacy DRX requirements, and mobility is supported as normal.
When the UE wakes-up and has lost the serving cell, the UE is likely to miss the first paging. But given that the UE is paged multiple times during the DRX period guarantees that the UE will be paged successfully when waking up from a long period of sleep. 

2.2 Measurements with a long DRX
When the UE is in a long DRX up to 40 sec (SFN based) it can be investigated if the RAN4 measurement framework can be extended to include a longer DRX up to 40 seconds (see table 4.1 in TS 25.133): 
	DRX cycle length [s]
	Nserv [number of DRX cycles]
	TmeasureFDD [s] (number of DRX cycles)
	TevaluateFDD [s] (number of DRX cycles)

	0.08
	4
	0.64 (8 DRX cycles)
	2.56 (32 DRX cycles)

	0.16
	4
	0.64 (4)
	2.56 (16)

	0.32
	4
	1.28 (4)
	5.12 (16)

	0.64
	4
	1.28 (2)
	5.12 (8)

	1.28
	2
	1.28 (1)
	6.4 (5)

	2.56
	2
	2.56 (1)
	7.68 (3) 

	5.12
	1
	5.12 (1)
	10.24 (2)

	10.24
	1
	10.24 (1)
	20.48 (2)

	20.48
	1
	20.48(1)
	40.96(2)

	40.96
	1
	40.96(1)
	81.92(2)


The possible extension described in the table above, requires the UE to measure at least every DRX cycle (up to 40 sec), and it requires the UE to take the average of the last two measurements to evaluate cell re-selection:
· TevaluateFDD: defines how many measurements the UE shall evaluate for cell re-selection
. 

· TmeasureFDD: defines how often the UE shall measure
Proposal 2: Study extension of the existing legacy DRX measurement framework to include DRX up to 40 sec.

When the UE is in a very long DRX (e.g. eDRX) then measurements of the previous wake-up period are no longer relevant in the next wake-up period, i.e. the RAN4 DRX framework cannot be extended to cover also eDRX. 
2.3 Small data use cases
The UE measurement requirements in 25.133 are defined for mobile devices in “good” coverage conditions. However the use cases for small data devices may be different, i.e. the device may be stationary (fixed to a wall) and in “weak” coverage condition (e.g. basement). For such use case it can be evaluated if the measurement requirements should be relaxed. To save power a stationary small data device should not be required to continuously detect new cells as long as the serving cell quality is good enough
. Furthermore some small data devices may experience permanent weak connections and should not be required to continuously measure for a better connection which is not there. Mandatory default values or new thresholds can be considered for Sintrasearch and Sintersearch. However this minor measurement enhancement does not require further study at this point in time. 
3 Summary

RAN2 is kindly asked to discuss the measurements during extended/long DRX: 

Proposal 1: Study eDRX measurements where the UE is only required to measure during the DRX period, i.e. the UE fulfills the legacy DRX measurement requirements during the DRX period.

Proposal 2: Study extension of the existing legacy DRX measurement framework to include DRX up to 40 sec.
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� See section 4.2.2.2 TS 25.133: The filtering shall be such that the UE shall be capable of evaluating that an intra-frequency cell has become better ranked than the serving cell within TevaluateFDD (see table 4.1), from the moment the intra-frequency cell became at least 3 dB better ranked than the current serving cell, provided that Treselection timer is set to zero and either CPICH Ec/Io or CPICH RSCP is used as measurement quantity for cell reselection. 


� The legacy intra-frequency measurement requirements [3] specify that the UE may omit intra-frequency measurements when the serving cell quality is above a certain threshold Sintrasearch and Sintersearch [4]. The threshold is optionally broadcasted in SIB3, and when omitted the UE shall perform intra-frequency measurements independent from the serving cell quality.
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