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1. Introduction
In TSG-RAN#67, the new work item on RAN enhancements for extended DRX in LTE was approved [1]. The objective of the work item is to provide the RAN specifications for both Idle and Connected UEs with extended DRX cycle as follows; 
	-
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


In advance of the work items start, RAN2 was informed of three issues from SA2 [2] as outcomes of on-going relevant study [4], and it was concluded that RAN2 may reply individually for UMTS and LTE from the respective sessions [4]; 
	Issue 1:

-
Given a maximum response time desired by UE/applications, how to derive the eDRX value taking RAN/GERAN aspects into account (e.g. possible paging misses due to lack of SFN or frame timing alignment between cells, etc.).

Issue 2:

-
How to maintain level of reliability for UE being able to receive the paging at its paging occasion similar to paging reliability for normal DRX, even when UE has performed cell reselection.

Issue 3:

-
Impact on idle mode UE measurement and cell reselection


In this contribution, the analysis of the three issues is provided. 
2. Discussion
2.1. Issue 1 
The issue 1 is as follows; 
	Issue 1:

-
Given a maximum response time desired by UE/applications, how to derive the eDRX value taking RAN/GERAN aspects into account (e.g. possible paging misses due to lack of SFN or frame timing alignment between cells, etc.).


Idle mode case; 

The maximum response time (or the maximum latency time) is studied in SA2 to facilitate 3GPP systems to support various types of MTC applications with high latency communications [6]. It is defined in [6] that "Maximum latency" is, from the application point of view, the time elapsed from the moment that an AS application sends DL data to a 3GPP constrained device on an existing IP connection, until the device has received the DL data. So, from RAN2 perspective, it is considered that the maximum response time is equal to the time between the arrival of the Page from the MME and the successful reception of the DL data at the UE, i.e., it mainly depends on the paging cycle. If synchronous deployment is assumed, the maximum response time is simply considered as the paging cycle. 
Observation 1 The maximum response time is determined by the paging cycle as it is today, if synchronous deployment is assumed. 
SA2 points out the concern of lack of SFN alignment between cells for example, which may occur in asynchronous deployment. As the worst case, it could be considered that a UE has moved from Cell A with SFN = N to Cell B with SFN = N+1, as illustrated in Fig. 1. In this case, the paging is missed once and it needs to wait for the next occasion during the paging cycle configured by e.g., defaultPagingCycle, whereby it occurs even in the current mechanism. Considering the worst case that the paging from the CN occurs in SFN = N+1 and the UE misses the occasion once due to cell reselection, the paging would be received by the UE after {(Paging cycle) - 1 )+(Paging cycle)} ≑ 2 * (Paging cycle), and the UE will make a response after the paging reception. 
Observation 2 The maximum response time is considered two paging cycles as it is today, if only two asynchronous cells are taken into account. 
Considering in eDRX operation the paging cycle may be configured with very long time, i.e., beyond 2.56s and up to values to be determined in conjunction with SA2/CT [1], the UE may move further into Cell C within a paging cycle. In this case, the UE may miss the paging occasion twice and the response time may be increased further. The condition varies depending on configured paging cycle, velocity of the UE, network deployment (i.e., cell size or ISD, inter-site distance) etc. So, RAN2 should discuss whether any special condition should be applicable to eDRX, e.g., the UE itself decides whether to apply longer DRX cycle depending on its velocity. 
Observation 3 The maximum response time for idle UEs cannot be ensured under the condition with very long paging cycle, high speed UE and shorter ISD deployment if SFN between cells are assumed asynchronous. 

Proposal 1 For asynchronous deployment with very long paging cycle, the excessive response time for idle UEs can be mitigated if the UE is allowed to apply special condition for eDRX. 
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Fig. 1
Asynchronous deployment
Connected mode case; 

For connected mode, the WID states as follows; 
	No connected mode mobility enhancements are considered in this work, i.e., the current mobility, RRM/RLM procedures apply for UEs using extended DRX cycles in connected mode.


According to the current RRM specification [5], the requirements of time to identify a new detectable FDD/TDD intra-frequency cell, i.e., Tidentify_intra, is specified as “20 * (DRX Cycle)” [s] when the DRX cycle is configured with 2.56 [s]. And for the inter-frequency cell, Tidentify_inter is specified as “20 * Kn * Nfreq,n” [s] for normal performance and “20 * Kr * Nfreq,r” [s] for reduced performance, where Kn = 1 when IncMon is applied, Nfreq = Nfreq,n + Nfreq,r which represents the number of carriers being monitored. These requirements affect the latency of measurement reporting, thus it has impact to handover delay. It will be more severe with eDRX, i.e., long DRX cycle, since 204.8 [s] delay is expected even for intra-frequency case if the existing coefficient is assumed and 10.24 [s] is configured as DRX cycle (20 * 10.24 [s]). Apart from the increased handover failure, it will cause access delay similar to the Idle mode case, regardless of synchronous/asynchronous deployment. In order to avoid such failure and ensure the maximum response time, the serving cell should carefully choose the UEs to be configured with eDRX, e.g., only stationary UEs are configured to use the longer DRX cycle. 
Proposal 2 The maximum response time for connected UEs can be ensured and equal to the DRX cycle as long as the serving cell carefully chooses UEs for eDRX. 
Other aspects;
Since the handling of maximum response time in application layer is likely a new concept [6]. The relation between the maximum response time and DRX cycle should be carefully considered. From RAN2”s perspective, the latency between the data input from higher layer and transmission/reception of the data over the radio interface should also be taken into account, e.g., RACH procedure, RRC Connection Setup, resource allocation etc. So, RAN2 should inform SA2 that the latency over radio interface needs to be accounted for in addition to the DRX cycle. Note that it’s out of RAN2 scope how to handle the latency through CN nodes. 
Proposal 3 The maximum response time should also take into account some margin for the delay related to call setup and QoS control. 
2.2. Issue 2 
The issue 2 could be understood as the same situation in the issue 1, but applicable to only idle mode. 
	Issue 2:

-
How to maintain level of reliability for UE being able to receive the paging at its paging occasion similar to paging reliability for normal DRX, even when UE has performed cell reselection.


Unless cell reselection is performed, the reliability to receive the paging at its paging occasion could be the same with that for the existing DRX mechanism. Even if cell reselection occurs, synchronous deployment can ensure similar paging reliability as it is today. For asynchronous deployment, the reliability can be maintained with by applying a special rule, e.g., UE avoids cell reselection during eDRX since cell reselection between asynchronous cells caused the most severe problem. As discussed in 2.1, the reliability will also depend on configured paging cycle, moving velocity of UE, network deployment. 
Proposal 4 RAN2 should discuss whether any special rule for eDRX should be applicable to ensure reliability of paging reception in asynchronous deployment. 
2.3. Issue 3 
The issue 3 is quoted below; 
	Issue 3:

-
Impact on idle mode UE measurement and cell reselection


For the RAN2 specification on idle mode procedure [7], there is no relationship between the paging cycle and the cell reselection. It is expected that the principle will be reused in eDRX operation. So, no impact can be seen. 
However, the RAN4 specifications [5] may be impacted. So, RAN2 should send an LS to RAN4 to ask analysis of impact on idle mode UE measurement and cell reselection with eDRX. 
Proposal 5 RAN2 should send an LS to RAN4 to ask their analysis on Issue 3. 
3. Conclusion 
In this paper, the three issues informed by SA2 are analyzed. The difficult scenarios with eDRX and possible assumptions are identified for the LS reply to SA2. RAN2 is kindly asked to take into account the observations and proposals as follows; 
Observation 1
The maximum response time is determined by the paging cycle as it is today, if synchronous deployment is assumed.
Observation 2
The maximum response time is considered two paging cycles as it is today, if only two asynchronous cells are taken into account.
Observation 3
The maximum response time for idle UEs cannot be ensured under the condition with very long paging cycle, high speed UE and shorter ISD deployment if SFN between cells are assumed asynchronous.
Proposal 1
For asynchronous deployment with very long paging cycle, the excessive response time for idle UEs can be mitigated if the UE is allowed to apply special condition for eDRX. 
Proposal 2
The maximum response time for connected UEs can be ensured and equal to the DRX cycle as long as the serving cell carefully chooses UEs for eDRX.
Proposal 3
The maximum response time should also take into account some margin for the delay related to call setup and QoS control. 
Proposal 4
RAN2 should discuss whether any special rule for eDRX should be applicable to ensure reliability of paging reception in asynchronous deployment.
Proposal 5
RAN2 should send an LS to RAN4 to ask their analysis on Issue 3. 
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