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1. Introduction
In RAN#67 meeting, a New WI Proposal “RAN enhancements for extended DRX in LTE [1]” was approved. The main objectives are:
-
Extend idle mode DRX cycles in order to provide at least an order of magnitude power savings for UEs in idle mode; and

-
Extend connected mode DRX cycles in order to enable additional power savings beyond what is currently possible for UEs in connected mode

This work will continue the work started in Rel-12 in TR 23.887 and TR 37.869 for Extended DRX, by:

· Identifying the RAN impacts of extending the DRX cycle for both idle and connected mode [RAN2] :

· beyond 2.56s and up to values to be determined in conjunction with SA2/CT. 

NOTE:
Values (if any) that are identified to have CN impact will not be actioned in RAN without the corresponding work in SA2/CT.

· Performing the specification work resulting from the identified impacts on 

· Layer 2/3 protocols [RAN2]

· RRM core requirements [RAN4]
In this contribution, we initially analyze the RAN impacts of extended DRX and propose the RAN related issues which we think necessary for further study.
2. Discussion
During the discussion in the SI in Rel-12, some issues were raised and some solutions were provided in [2][3][4][5][6]. In this section, we provide the further discussion based on the Rel-12 discussion.
2.1. Extended DRX cycles in idle mode
The main idea of this solution is to extend the maximum DRX cycles in idle mode with longer values allowing the UE to save battery as waking up and listening for a potential paging message is one major power consuming functionality. When this solution is used, paging transmission period is also adjusted based on the extended DRX cycle applied to the UE.
To implement this method, at least the following issues need to be considered from RAN aspect:
· Paging Cycle Extension

When the extended DRX cycle is used in idle mode, the paging transmission period is also adjusted based on the extended DRX cycle applied to the UE. Currently, paging occasion is calculated based on SFN, whose maximum value is 1024. If extended DRX cycle is longer than currently maximum SFN, the paging radio frame’s SFN number calculated by current PF equation can be larger than the maximum SFN, and UE can’t figure out which radio frame it should monitor. Even if the paging radio frame’s SFN number calculated by current PF equation smaller than the maximum SFN, there are multi radio frame matching it in a DRX cycle, UE doesn’t know which radio frame it should monitor. The alternative solutions can be as following:

Alt 1: Using the UTC time in SIB16. The exactitude of time info in SIB16 is 10ms, just as radio frame. UE can use the time info in SIB16 to determine the paging radio frame.

Alt 2: Introducing the SFN cycle index. SFN cycle index can be broadcast to UE. This can be seen as a kind of extending the maximum SFN. UE firstly identifies the SFN cycle in which its paging is sent and then figures out its PF in this SFN cycle.
Proposal 1: RAN2 should study the detailed mechanism on the calculation of paging occasions and paging frames if DRX cycle is extended beyond than 10.24s.
· System Information Updating
In current system information update procedure, the eNB shall notify UEs in idle mode via paging within a SI modification period which should cover the longest Paging DRX cycle of all the UEs in idle mode. According to the current TS 36.331, the modification period boundaries are defined by SFN values for which SFN mod m= 0, where m is the number of radio frames comprising the modification period. So the SI modification period is no longer than maximum SFN which is 1024. When the extended DRX is used, RAN needs to study how to achieve the system information update for UEs configured with extended DRX. The scheme alternatives can be as following:

Alt 1: UE reads all SIs when wakes up at each paging occasion.

Alt 2: UE only reads MIB/SIB1 each paging occasion and if value tag is changed, then re-acquires other SIBs;

Alt 3: UE can only read SIBs before access for larger interval time transmission;

Alt 4: UE can use the stored system information to access and if fails, re-acquire SIBs.
Proposal 2: RAN2 should study the SI updating issues and consider the above solutions.
· Robustness of paging reception
While the extended DRX cycle is applied in idle mode, the paging period for a UE may be rather long, e.g. tens of minutes. If a paging is not successfully received by the UE at the first paging occasion, the paging retransmission takes longer at the next paging occasion, which will increase the required buffer size in both MME and eNB due to the storage of the unsuccessfully transmitted paging messages. In order to solve this issue, it is a good way for network to alternate patterns between extended cycle and normal cycle. The following schemes can be considered:

Alt 1: MME alternates the retransmission timer. UE is informed of the normal and extended DRX cycles and the mixed patterns by MME. MME and UE (re)-transmit/receive paging messages on the negotiated paging occasion.

Alt 2: eNB retransmit several times by normal DRX cycles in one extended DRX cycle. The UE gets extended DRX cycle from MME by NAS signaling, and gets normal DRX cycle from eNB by system information. In one extended DRX cycle, UE monitors the paging channel additionally by one or several normal DRX cycles following the paging occasion determined by the extended DRX cycle. The positions and times of normal DRX cycle are informed by eNB.
Proposal 3: RAN2 should further study the solutions to avoid long paging delay due to applying the extended DRX in idle mode.
· Mobility impact
With a relatively long DRX cycle it is likely that cell reselection does not work, because the UE is likely to have moved a long distance and outside the coverage of the originally camped cell when it wakes up, and the stored cell reselection parameters are not applicable any more. To solve this issue, the following schemes can be considered:
Alt 1: perform cell selection when wake up each paging occasion if DRX cycle is extended to a relatively long time. This step might increase the power consumption to some degree.
Alt2: loose the performance requirement for cell reselection if DRX cycle is extended to a relatively short time, which needs potentially to involve RAN4 into the work.
Proposal 4: RAN2 should discuss the impact on mobility in idle mode.
· Backward compatibility
For UE camped on a cell supporting extended DRX, it can be configured with extended DRX to save battery. When it moves to a cell belonging to the same TA but not supporting extended DRX, there will be no TA update procedure according to the current specification. Since MME doesn’t know that the UE move to a network not supporting extended DRX, the MME will still use the extended DRX cycle for this UE. Then the key issue here is how to make MME, RAN and UE have a consistent understanding about the DRX cycle the UE should apply. This could be solved either by network strategy, e.g. only active the extended DRX when all the eNBs belong to the TA support the extended DRX, or by standardized signaling, e.g., design some procedures to keep the consistent knowledge among the involved nodes. Obviously, the former solution will limit the usage of the extended DRX while the latter one will have specification impacts. Anyway, both RAN and SA could study on this further.

Observation 1: For the extended DRX in idle mode solution, the mobility between extended-DRX-capable RAN node and non-extended-DRX-capable RAN node will cause the inconsistent understanding about the DRX cycle the UE should apply, which may cause paging loss or unnecessary paging transmission.

Proposal 5: RAN should discuss the issue due to the UE mobility between extended-DRX-capable RAN node and non-extended-DRX-capable RAN node, as mentioned above.
2.2. Extended DRX cycles in connected mode
Extended DRX in connected mode is mainly suitable for applications with only mobile originated transactions or for delay tolerant applications.

As investigated in EDDA [7], longer DRX cycles give lower power consumption in RRC connected mode but impact the handover performance, e.g. increase the radio link failure rate. Besides, the following issues also need to be considered regarding the extended DRX cycle may be larger than the maximum value defined in current specification.
· Radio link monitoring

According to TS 36.133[8], out-sync/in-sync evaluation period (Qout and Qin Evaluation Period in DRX) is 5 DRX cycles when current long DRX cycle is configured with its maximum value, i.e. 2560ms. If extended DRX cycle is used, out-sync/in-sync evaluation period will be extended accordingly if 5 DRX cycles are still used. As a result, the out-sync/in-sync report could not reflect the quality of the signal in time which may cause problem. Whether less than 5 DRX cycles could be used as out-sync/in-sync evaluation period is left for RAN4 to discuss.
· Measurement Issue
According to TS 36.133[8], intra frequency measurement period is mainly related to DRX cycles because UE shall be able to identify a new detectable intra frequency cell within 20 DRX cycles when current long DRX cycle is configured with its maximum value, i.e. 2560ms. If the DRX cycle is extended, the period of identifying a new detectable intra frequency cell will be extended accordingly if 20 DRX cycles are still used. As a result, the measurement report could not reflect the radio signal strength changes. Whether less than 20 DRX cycles could be used as the period of identifying a new detectable intra frequency cell or not is left for RAN4 to discuss. 
From the analysis above, we come to the following observation and proposal:
Observation 2: Extended DRX cycles in connected mode have impacts on radio link monitoring procedure, Intra frequency measurements and handover performance.
Proposal 6: It is proposed to inform RAN4 to evaluate the impacts on RLM and RRM procedure by extending DRX cycle in connected mode.
3. Conclusion
In this contribution, we analyze the RAN impacts of extended DRX in idle mode and connected mode, and give the corresponding observations and proposals. 
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