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1 Introduction
In RAN2#89 meeting, the extended DRX mechanisms have been discussed in detail and it was agreed that:

	Agreements on Extending DRX mechanisms
· We will study long/extended DRX in both idle and connected mode. For Idle mode, we should focus on delta compared to Rel-12, e.g. pros&cons vs PSM, impacts on legacy.

· We will study long/extended DRX for CELL/URA_PCH

· We will study long/extended DRX (above 5 sec and also above 40sec). Exact range is FFS 


In this contribution, we will give the solution of long DRX (above 5sec up to 40.96 seconds) in connected mode.
2 Discussion
As discussed in [1], some issues should be addressed when DRX cycle is extended above 5.12 seconds up to 40.96 seconds, such as paging occasion calculation, system information update, coordination with RAN4 on measurements requirements and coordination with SA2 on NAS impact, etc., this paper will discuss possible solutions and suggestions to those issues.
2.1
Calculation of Paging Occasion
For legacy DRX, the UE will wake up in the paging occasion. The value of the Paging Occasion is determined as follows:

Paging Occasion=
{(IMSI div K) mod (DRX cycle length div PBP)} * PBP + n * DRX cycle length + Frame Offset


Where n = 0,1,2… as long as SFN is below its maximum value.
For long DRX cycle up to 40.96 seconds, the formula can still work to get the unique paging occasion in every cycle, since the maximum value for SFN is 4096, i.e., this paging occasion formula can still be reused. 
Proposal 1: The UE can still reuse the formula for paging occasion calculation when the DRX cycle length is extended from 5.12 second up to 40.96 seconds.

2.2
Impact of measurements
When the DRX cycle is extended to 40.96 seconds, this will impact the measurement requirements and this should be evaluated and defined by RAN4. It is necessary to evaluate whether up-to 40sec is possible by RAN4 when measurement requirement is considered, i.e. how the following table (25.133 table 4.1) should be updated regarding the measurements of serving cell and intra/inter-frequency cells.
	DRX cycle length [s]
	Nserv [number of DRX cycles]
	TmeasureFDD [s] (number of DRX cycles)
	TevaluateFDD [s] (number of DRX cycles)
	TmeasureTDD [s] (number of DRX cycles)
	TevaluateTDD [s] (number of DRX cycles)
	TmeasureGSM [s] (number of DRX cycles)

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

	0.16
	4
	0.64 (4)
	2.56 (16)
	0.64 (4)
	2.56 (16)
	2.56 (16)

	0.32
	4
	1.28 (4)
	5.12 (16)
	1.28 (4)
	5.12 (16)
	5.12 (16)

	0.64
	4
	1.28 (2)
	5.12 (8)
	1.28 (2)
	5.12 (8)
	5.12 (8)

	1.28
	2
	1.28 (1)
	6.4 (5)
	1.28 (1)
	6.4 (5)
	6.4 (5)

	2.56
	2
	2.56 (1)
	7.68 (3) 
	2.56 (1)
	7.68 (3) 
	7.68 (3)

	5.12
	1
	5.12 (1)
	10.24 (2)
	5.12 (1)
	10.24 (2)
	10.24 (2)


Proposal 2: An LS is sent to RAN4 asking to evaluate the impact of introducing long DRX cycle up to 40.96 seconds on measurement requirements.
2.2
Synchronisation with core network
In paging occasion, the Paging message can be sent to the UE and most of the paging message is driven from the core network. For UEs in connected mode in PCH and FACH state, the Iu-PS connection always exists, and the scenario for paging message is only for Iu-CS connection when this is a downlink voice request; for downlink PS data request, core network just sends data packet to RNC. Taking these into account, we should at least consider two issues:

· If there is a use case for CS paging when a small data transmission device is configured in PCH/FACH state;

· If core network should be informed when the UE is in sleeping mode for a small data transmission device in connected mode;

Technically for both issues, the core network should decide whether the CS paging or the downlink PS data packet should be retransmitted or discarded, in that sense, it seems that core network should be informed about the long DRX configuration.
Meanwhile, the longer DRX cycle may also impact the timer of core network e.g. timer for retransmission, timer for periodical RA. It is the SA2 to evaluate such potential impacts, since there is an ongoing SA2 SI about eDRX, it is reasonable to consider that either RAN2 send an LS to SA2 or RAN2 wait for guidance from SA2.

Proposal 3: It is proposed RAN2 to discuss either RAN2 send an LS to SA2 or RAN2 wait for guidance from SA2.
2.3
SIB modification
In [2], the performance evaluation of long DRX was given and it can be seen that longer DRX cycle length will bring more gains with SIB modification informed timely instead of reading MIB directly. In [1], it is analyzed that the legacy UE will cost additional power consumption under the case of system information modification, a table below tries to give a simple comparison of power saving efficiency by existing mechanism and MIB reading mechanism between legacy UEs and UEs with long DRX up to 40.96 seconds, when the latter is configured.

	
	Power saving efficiency by existing mechanism
	Power saving efficiency by MIB reading

	Legacy UEs
	Negative gain
	Positive gain

	UE with s with long DRX up to 40.96 seconds
	Positive gain
	Negative gain


As could be seen from the table, there happens a contradictory situation. 
To solve the problem, the network can configure two different PICHs for legacy UEs and UEs with long DRX respectively, legacy UEs will monitor one PICH with legacy DRX cycle, new UEs will monitor the other PICH with long DRX cycle, with existing mechanism applied to both PICHs. 
Except for SIB modification, this solution can further avoid the additional power consumption of legacy UEs to receive specific paging message which is actually for UEs with long DRX cycle, when the legacy UE and the UE with long DRX monitors the same PI. 
Besides, there are additional gains with the introduction of second PICH, such as, the paging capacity of a cell is increased, and network could implement some enhanced mechanisms over this second PICH specifically for small data device, e.g. coverage improvements as discussed in RAN1. 
Proposal 4: It is proposed RAN2 to introduce a second PICH for UEs configured with long DRX.
2.4
Switching of DRX cycle
It is quite general to change from short DRX cycle to long DRX cycle to ensure that the UE can be reached quickly if there is data to be transmitted after a short time. With long and extended DRX cycle, there will be four-level DRX cycle, i.e, legacy DRX, second DRX in R7, long DRX in R13, PSM-like (if agreed), the switching among them should be complicated. 
If the RNC can detect the traffic or the machine type of the UE, it will be possible to set suitable DRX cycle length directly. In R12, it has been discussed to send assistance information to the RNC through core network and this has been introduced to E-UTRAN, similar mechanism could be considered in UMTS, so that there is no need to study the case of switching of different DRX cycle.
When introducing long DRX in UTRAN, it is proposed that:
Proposal 5: It is proposed RAN2 to consider the introduction of assistance information to the RNC, with which there is no need to study additional mechanism to the switching of different DRX cycle.
3 Conclusion

In this contribution, we give the detailed solution for long DRX which involve the paging occasion calculation, impact of core network, SIB modification and DRX cycle switching. So it is proposed that:

Proposal 1: The UE can still reuse the formula for paging occasion calculation when the DRX cycle length is extended from 5.12 second up to 40.96 seconds.

Proposal 2: An LS is sent to RAN4 asking to evaluate the impact of introducing long DRX cycle up to 40.96 seconds on measurement requirements.

Proposal 3: It is proposed RAN2 to discuss either RAN2 send an LS to SA2 or RAN2 wait for guidance from SA2.
Proposal 4: It is proposed RAN2 to introduce a second PICH for UEs configured with long DRX.

Proposal 5: It is proposed RAN2 to consider the introduction of assistance information to the RNC, with which there is no need to study the case of switching of different DRX cycle.
Please also note that similar issues should also be considered for the introduction of extended DRX above 40.96s, but the outcome of analysis should be different, details could be referred in [2].
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