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1. Introduction 

In RAN2#81bis meeting, 23 contributions were submitted in relation to UE Power Consumption to study the trade-offs between various factors such as  battery saving, mobility robustness and complexity, see [3] to [25]. Due to lack of time, the topic UE Power Consumption was not treated in the meeting, and in order to progress on the topic an email discussion was agreed to provide an initial qualitative analysis based on those papers.
[81bis#16][Joint/MTCe] Initial qualitative analysis of the proposed solutions for UEPCOP (Intel)

-
Provide an initial qualitative analysis primarily based on papers submitted to RAN2-81bis. 

=>
Intended outcome: Email discussion summary and a TP for the TR 37.869 to be agreed at RAN2-82

For the initial qualitative analysis of the proposed solutions for UEPCOP as given by SA2 LS [2], the TR37.869v0.2.0 including the agreed evaluation metrics [1] and the papers [3] to [25] are used as reference. Companies are invited to provide their views to this email discussion. The deadline for the email discussion is 9th May 2013, 23:59 Pacific Time.
2. Discussion
This section proposes for discussion an initial qualitative analysis based on UEPCOP contributions and agreed evaluation metrics. The solutions are described in TR37.869V0.2.0. For each solution, some preliminary considerations are included based on the submitted contributions ([3] to [25]) during RAN2#81bis meeting. Companies are invited to provide further comments (including indication if they do not agree to the current comments).
2.1
Extended DRX in Idle

2.1.1
Solution 1a: Extended DRX in idle mode

The solution (described in TR37.869v0.2.0, section 7.1.1) proposes to extend the possible DRX cycles in idle mode with longer values to decrease the UE power consumption. When this solution is used, paging transmission period needs to be adjusted based on the extended DRX cycle assigned to the UE in idle mode.

Table 1-A. Qualitative Analysis for Solution 1a
	Applicability
	

	Impacts to radio protocols
	Major impact is related to the SFN design (i.e. the need to extend the SFN for higher than 10.24s cycles) 

Changes to MIB/SIB.

Modification to paging.

Updates to measurement procedures and TAU may be necessary

	Impact on Mobility
	Mobility is supported.

	Impacts to S1/Iu signalling
	

	Impact to network implementation
	Support of protocol extensions to enable negotiation of extended DRX cycles / alternating between extended DRX cycle and normal DRX cycle.

	Impact to UE implementation
	Support of protocol extensions to enable negotiation of extended DRX cycles / alternating between extended DRX cycle and normal DRX cycle.

	Impact on UE Power Consumption
	UE Power savings due to longer periods in low power mode. 

	Impact on UE performance
	DL initiated transfers suffer higher UP latency.


Table 1-B. Companies views on qualitative analysis for Solution 1a
	Company
	Comments

	LGE
	We wonder if SFN extension is the only way to support this solution. We should allow RAN2 to discuss other options. If we do not expect SFN extension, we could also avoid change of MIB/SIB.

In our view, solution 1a should be applicable only for MTC devices, considering very long paging cycle.

Regarding mobility, we wonder if this solution is beneficial for moving UE, considering that moving UE would perform cell reselection which means UE should perform measurement and acquire system information from any reselected cell. However, this solution would be beneficial to stationary UEs.
Regarding negotiation of extended DRX cycles / alternating between extended DRX cycle and normal DRX cycle, if we assume that this solution is used only for MTC devices, we think that alternating between two DRX cycles is not needed.

Regarding impact on S1/Iu interface, we expect impact on this interface e,g. indicating support of extended DRX cycle, as described in SA1 TR.

	ZTE
	Regarding ‘Impact on UE Power Consumption’ and ‘Impact on UE performance’:

The proposal is only applicable to delay tolerant traffic due to increased DL UP latency. 

Furthermore, if the maximum DRX cycle is extended by less than a factor of 10, the benefit (in terms of UE power consumption) would still be moderate for MTC/delay tolerant traffic with a periodicity of hours, days or more. For these scenarios, real gains would only be possible if the DRX cycle is extended hundreds or even thousands times. And the impacts of this should be carefully studied. 

	MediaTek
	With very long DRX cycle, we think another issue to look at is the mobility. The UE is assumed to do measurements for mobility evaluation at each wake up. With a DRX cycle in the magnitude of minutes it is likely that cell reselection does not work and cannot be used, because the UE is likely to have moved a long distance and outside the coverage of the originally camped cell when he wakes up for paging, and the stored cell reselection parameters are not applicable any more.

Another potential issue is that paging occasions are non-synchronized between cells, meaning that when a UE wakes up and is out of coverage of his camped cell, it needs to camp on a new cell to receive/wait for paging there. For a faster moving UE that changes coverage cell many times during the long DRX, the result may be that the wakeup timing is always wrong, i.e. the UE calculates paging occasion based on the configuration of old camped cell when it wakes up, therefore, the risk of missing paging is increased. 

	Nokia Corporation, Nokia Siemens Networks
	Impact to radio protocol: Depending on the length of extension, it may or may not have impact. If the DRX is longer than SFN periodicity, the impact will be big. (i.e, MIB, SIB, paging, etc)

Mobility: Less frequent measurement sampling leading to delays in cell re-selection. In practice filtering some of the re-selections at least for moving UE:s.
Impact to S1/Iu signaling: New IEs are added in S1/Iu messages to indicate the extended UE specific DRX value and the new paging scheme to eNB/RNC.

UE performance: Extended delay/latency for MT services (e.g. speech calls) which is not always acceptable. UE implementation issues related to (very) long sleep times; accuracy of wake-up time, etc.

Network implementation: Storing of pending paging messages either in eNB or MME due to long waiting time before next transmission opportunity and eNB should be able to calculate paging occasion in case DRX cycle is longer than SFN periodicity.

Impact to UE: If DRX cycle can be longer than SFN periodicity, UE should have a new mechanism to calculate paging.

	Samsung
	1) Regarding the impact to radio protocol, the current notification mechanism for SI change could need to be enhanced. For example, if longer DRX cycle over the modification period is applied, the MTC device might miss the paging message to inform of the notification of SI change. Accordingly, new procedure to obtain the update SI before waking up would be required. So we would like to add to “Impacts on UE implementation”/”Impacts on radio protocols” (depending on solution chose) something like “new procedure/mechanism required for ensuring UE has up to date SI”

2) Second aspects is that it is currently unclear what the measurement requirements for the UE will be in case of longer DRX, and whether cell reselection remains applicable or whether we would need to change to cell selection at some point. Thus we would like to add to “Impact to UE implementation” and to “Impact on UE power consumption” something like “measurement requirements need to be re-examined for longer DRX periods”.

3) Another is a reliability issue for Paging reception. Due to longer DRX cycle, MTC device has to wait for so long time if a Paging reception fails. To solve it, new mechanism is also required.

In our view, before determining which of solution is suitable, RAN2 needs to fully consider the impact described above, as well as UE power consumption gain.

	Fujitsu
	Regarding the “Applicability”: it is only applicable for traffic with the features of delay tolerant and infrequent data transmission.

Regarding the “Impacts to radio protocols”:

1) We propose to change “Major impact is related to the SFN design (i.e. the need to extend the SFN for higher than 10.24s cycles)” to “Major impact is related to the SFN design if the DRX cycle is extended beyond 10.24s”. 

2) We propose to change “Updates to measurement procedures and TAU may be necessary” to “Updates to measurement requirement for cell reselection and TAU may be necessary”. Since in our understanding, it is the measurement requirement for cell reselection that needs to be updated but not the measurement procedures.
Regarding the “Impact on mobility”: it is applicable for a stationary UE. Whether it is applicable for a moving UE depends on how the measurement requirement is defined for the extended DRX cycle;
Regarding the “Impacts to S1/Iu signalling”: as mentioned by LGE, a new IE, e.g., extended DRX cycle indication may be introduced in the paging message. And if so, the S1 paging message needs to be differentiated for the eNB that supports the extended paging cycle capability and the eNB that does not support it.
Regarding the “Impact to network implementation”:  if the DRX cycle is extended beyond 10.24s, one additional impact is that the eNB needs to implement a new PF/PO calculation method;

Regarding the “Impact to UE implementation”: we observe three additional possible impacts:

1) UE needs know whether it can use the extended DRX cycle or not depending on the eNB’s capability;

2) If the extended DRX cycle is beyond 10.24s, the UE needs to implement a new PF/PO calculation method;

3) If the extended DRX cycle is beyond the SI modification period, the UE behaviour for the up to date SI acquisition may need change.
Regarding the “Impact on UE power Consumption”, we think that whether the UE can benefit from the extended DRX cycle, in case the cycle is beyond the SI modification period, needs further evaluation. The reason is that currently, one way the UE knows the SI has changed is by the notification from the paging message during the SI modification period.  So if the DRX cycle length is beyond the SI modification period, the UE may miss the notification of the SI change. Then to guarantee the UE can obtain the up to date SI, the current UE behaviour may need some change, e.g., the UE needs acquire SIB 1 to check the value tag before performing the cell reselection. In this case, although the power consumption due to the paging monitoring is reduced, the UE may consume more power for the SIB1 acquisition. So we think this aspect should be studied further in RAN2.  On the other hand, if the measurement requirements are relaxed for the extended DRX cycle, then the UE of course would benefit in power saving. However, this will impact the UE mobility and will also need further evaluation.

	CATT
	From our point of view, we think this solution is suitable for typical MTC applications, i.e. delay tolerant services.  think RAN2’s  study could focus on the following aspects at least:

· Study the detailed mechanism on the calculation of the extended the paging cycle.

· Study the solutions to solve the issue due to the UE mobility between extended-DRX-capable RAN node and non-extended-DRX-capable RAN node
· Study the solutions to solve the SI updating issues.

· Study the solutions to avoid long paging delay due to applying the Extended DRX in idle mode.
Furthermore, regarding the mobility aspects, we think full mobility support may not necessary in some cases. For example, for stationary UE, or for moving UE who only reads and updates system information when it wakes up to listen for a potential paging message, cell reselection procedure which will consume UE battery may not needed. 

	Renesas
	Extension of DRX may be beneficial for UEs which send data very infrequently, however simply providing longer DRX cycles in system information may not work very well since the NW would not know which UEs are using the longer DRX. 

We also need to consider whether current performance requirements can be met while still providing a reasonable level of power consumption improvement (i.e. power consumption due to idle mode measurements needs to be included in any evaluation). We should consider solutions such as dormant state which can provide better management for the devices using very long inactive time while allowing performance requirements to be set and tested separately from idle mode.

	CMCC
	We think this solution may be only suitable for applications whose packet inter-arrival time is not too long (e.g. within several minutes). If the packet inter-arrival time is too long, maybe it is better for UE to detach.

As to the mobility, we agree with MediaTek that extended DRX cycle would result in reduced measurement activity, the reselection may not work and the paging reception may also be a problem if the UE is moving. Therefore, some enhancement to the radio protocol is needed. 

	Orange
	Our main concern regarding this solution is mobility performance degradation due to cell reselection measurements requirements, which are dictated by the length of DRX cycle. As this solution is mainly applicable to stationary UEs we think that RAN2 should ensure that extended DRX cycle is applied solely by the UEs, which are not moving. This could be done e.g. by introducing Low-mobility state into MSE mechanism. In the table above we should add: “Cell reselection performance degradation for moving UEs.”
Another concern is paging delay, which makes this solution only applicable to delay tolerant devices, so RAN2 should make sure that this solution is only applied by delay tolerant UEs. As a trade-off between power consumption savings and connection establishment delay RAN2 could examine solutions focusing on decreasing of quantity of measurements that need to be performed by a UE while preserving the periodicity of paging reading, which would make this solution applicable for broader number of UEs.

	Alcatel-Lucent, Alcatel-Lucent Shanghai Bell
	Extended DRX is only to be used for delay tolerant communication.   

Introducing extension bits for SFN in SIB is not seen as “major impact” to SFN design.  It only impacts these delay tolerant devices.

It may impact mobility performance but it not considered an issue for these services.  Similar consideration for delay.

The comment/motivation for “alternating between DRX cycles” is not clear.  It can be similar to the UE specific DRX used today.

Impact to SIB monitoring if UE does not wake up at the current default paging cycle.

	NEC
	On Impacts to S1/Iu signalling: There would be impacts on S1/Iu in case the paging by RAN needs to be performed so as to the RAN does not perform unnecessary paging by having the eNB have adequate information from CN to know when the UE would be listening to paging e.g.1)assuming a “system time info” based solution as per [21] or [23] the system time info is needed from CN to RAN in the Paging message so that the eNB can apply the same PF formula as UE to know about the paging frame; 2)assuming a “SFN cycle index” based solution as per [20] or [24] or [25] the SFN cycle index is needed from CN to RAN in the Paging message so that the eNB can know at which SF to page the UE.
“system time info” based solution would imply mandating the RAN to support currently optional SIB16 just in support of low power consumption MTCs however “SFN cycle index” based solution has less impacts than the “system time info” based solution from overhead point of view. Also at which SFs to wake up could then be handled by NAS signalling which would address the risk of paging missing as per SA2 “NOTE2: The need for alternating the DRX cycle would depend on 3GPP RAN WGs analysis of how to limit the risk of UE missing a paging due to the DRX cycle been extended to a long value.”

	RIM
	The benefit of this solution depends on how long the UE spends in idle mode. Power consumption due to other idle mode tasks might actually hide any achievable gains by using really long paging cycles. 

	InterDigital 
	Applicability: Applicable to infrequent data

Impact to radio protocol: Depending on the length extension, it may have some impact to the calculations, or new paging calculation would need to be defined. Secondly, the UE and network would need to negotiate capability
Mobility: The time at which UE measures may be delayed hence idle mode mobility may be affected
Impact to S1/Iu signalling: None, S1 paging message already has the DRX parameter for supporting UE specific DRX and it probably can be reused for extended DRX too.
UE performance: Extended delay for MT services.

Network implementation: Extending buffering to buffer paging messages.

Impact to the UE: Impact on paging procedures and calculations, UE adopts UE-specific DRX cycle and ignores default. 

	Ericsson, ST-Ericsson
	Applicability: In idle mode, extended DRX cycles would have an impact on the reachability of the UE within a certain time, i.e. 2.56s. Since longer DRX cycles imply longer access times, this may only be configured for UEs that can tolerate the delay for downlink access.
Impacts to radio protocols: SFN range currently covers 1024 radio frames, i.e., 10.24 seconds in LTE or 4096 radio frames, i.e., 40.96 seconds in HSPA. Extending the DRX cycle lengths beyond these limits would result in SFN wrap around while the UE is sleeping. In the current standards, UE is configured with the minimum of default paging cycle and UE specific DRX cycle in idle mode. If DRX cycle lengths are extended, this mechanism has to be updated to avoid any impact on the default paging cycle. Calculation of paging occasions and paging frames may need to be updated.
Impact on Mobility: Cell selection procedure may need to be updated due to measurement requirements based on the length of the idle mode DRX cycle.
Impact to network/UE implementation: A new mechanism has to be implemented to calculate paging occasions and paging frames if DRX cycles are extended longer than the SFN range, i.e. 10.24s in LTE
Impact on UE performance: Longer access times in the downlink due to extended DRX cycles in idle mode.

	Sony
	Regarding “Impact on UE power consumption” -

We think that it would be highly desirable to provide an ultra-low power UE that makes multi-year battery operation possible for MTC. Although the battery life should be strongly dependent on the working assumption, the paging cycle required for such operation could be extended to at least on the order of several minutes or tens of minutes. According to R2-131232, significant low-power characteristics are observed up to the DRX cycle of several minutes when compared with other solutions, which shows a possibility that the DRX solutions are suitable as the long-life UE solution. We think that it would be sufficient that the ultra-long-life UEs are applied only to delay-tolerant, stationary UEs.

	ITRI
	From our point of view, we think the following impacts should be considered and solved in RAN2.

· If the DRX cycle is longer than 10.24s, UE/eNB may fail to calculate the accurate paging frames. SFN extension is one way to solve this problem but we should also allow RAN2 to discuss other options.
· If the DRX cycle is longer than the SI modification period, eNB may fail to inform UE about SI change through paging message. A new procedure to obtain the update SI before waking up would be required.

· Since MME does not know when a UE wakes up, eNB may need to contain expanded buffers in order to buffer the paging requests received from MME during the extended DRX cycle period.
· Due to longer DRX cycle, the paging retransmission takes longer. So a new mechanism is required for enhancing the reliability of paging reception.

Besides, the following constraints or performance degradations are inevitable. 
· DL initiated transfers suffer higher UP latency.

· If the DRX cycle is longer than the time of a UE traveling through more than 2 cells, measurement results may be useless for cell reselection. So this solution would be suitable only for stationary or low speed UEs.
UEs that require delay sensitive information (e.g., ETWS primary notification) cannot use the extended cycle.

	Huawei, HiSilicon
	Applicability: Idle mode. Infrequent data. Delay tolerant traffic. Low velocity or stationary.
Impacts to radio protocols:  change sentence “Major impact is related to the SFN design (i.e. the need to extend the SFN for higher than 10.24s cycles) ” to “May bring major impact to SFN design (i.e. to extend the SFN space) if the extended DRX cycle is larger than 10.24s”. Further, in our understanding, several aspects need to be considered before RAN2 agree whether to increase the DRX cycle and how long the extended DRX cycle will be, e.g. the impact on NAS layer signalling, the impact on RRM requirements (cell identification period), etc.
Impact on Mobility: mobility robustness might be negatively impacted.

	QC
	Applicability: Delay tolerant UE

Impact to Radio protocols: SFN extension should not be the only candidate solution

Impact on Mobility: Due to long sleep and mobility, cell reselection may not work. When UE wakes up from deep sleep, cell selection procedure may be used.

Impact to network: cache paging in MME and set flag in HSS for paging sending/resending

Impact to UE implementation:

· DRX negotiation

· Deep sleep procedure and wake up procedure

· New Paging occasion calculation

New values for timers have dependency on DRX


2.1.2
Solution 1b: Extended DRX using UE Assistance Information

The proposed solution (described in TR37.869v0.2.0, section 7.1.2)  suggests that – based on the Power Preference Indication included in the UE assistance information - the network could also decide to extend the DRX cycle / paging cycle in idle mode.

Table 2-A. Qualitative Analysis for Solution 1b
	Applicability
	

	Impacts to radio protocols
	Major impact is related to the SFN design (i.e. the possible need to extend the SFN for higher than 10.24s cycles) 

Changes to MIB/SIB.

Modification to paging.

Modifications of RRC Connection Release.

Updates to measurement procedures and TAU may be necessary

	Impact on Mobility
	Mobility is supported.

	Impacts to S1/Iu signalling
	Power Preference Information sent over the S1 interface 

	Impact to network implementation
	Support of protocol extensions to enable negotiation of extended DRX cycles / alternating between extended DRX cycle and normal DRX cycle..

	Impact to UE implementation
	Support of protocol extensions to enable negotiation of extended DRX cycles / alternating between extended DRX cycle and normal DRX cycles.

	Impact on UE Power Consumption
	Potential UE Power savings due to longer periods in low power mode. 

	Impact on UE performance
	DL initiated transfers suffer higher UP latency.


Table 2-B. Companies views on qualitative analysis for Solution 1b
	Company
	Comments

	LGE
	All comments corresponding to Solution 1a are also applicable for solution 1b.

In addition, we assume that UE can dynamically update PPI. Thus, even while UE is in RRC_IDLE, UE could change its power preference. So, if UE in RRC_IDLE wants to change its power preference, UE should be able to make a RRC connection due to PPI update. Such UE behaviour would have impact on RRC Connection Establishment procedure.
In our view, solution 1b is extension to solution 1a. We do not need to evaluate solution 1b before we finalize evaluation of the other solutions.
To our understanding, SA2 TR considers this solution not only for RRC_IDLE, but also for RRC_CONNECTED. However, we think that RAN2 has already discussed use of PPI for DRX in RRC_CONNECTED many times. Thus, we do not need to discuss this topic again.

	ZTE
	Same comments as solution 1a. We also agree with the additional comments from LGE

	MediaTek
	We also share the concern on the dynamic nature of PPI. We think that PPI is more sensible to be used for adapting connected mode DRX.

If an eNB wants to make a good decision on RRC release and the DRX value, it needs information, e.g. service type, traffic pattern, mobility, etc., those information could come from core network or from the UE (as suggested by SDDTE solution “keeping the UE in connected state solution” and its updated version). We think R2 should discuss what information is needed for eNB to make a proper decision. 

	Nokia Corporation, Nokia Siemens Networks
	Same issues as with 1a.

Impact to S1/Iu signalling: In addition to the change required for 1a, eNB sends PPI indication to MME.

Additionally, network should have new mechanisms to handle the PPI indication in order to be able adjust and optimize DRX periodicity.

Q: What happens if PPI status changes during idle mode?

Q: How does MME decide the extended paging DRX value which is a RAN parameter?

	Samsung
	With this approach, RRC message should be modified additionally with including the impacts described in Solution 1a. In the complexity aspect, this approach is not beneficial.

	Fujitsu
	Same comments as solution 1a.

	CATT
	The comments for solution 1a are also applicable to solution 1b.

Furthermore:

PPI for EDDA is used for the UE in connect mode and the original intention is to reflect the power preference for the requested service of the UE. It is not suitable to use the PPI to determine the Extending DRX cycle in idle mode.

So our view is that not to use the currently defined PPI (power preference indication) for the Extending DRX decision and RAN should inform SA2 about this understanding. 

	Renesas
	Some information regarding the expected data from the UE may be beneficial for the eNB to decide whether to send UE to power saving states, extended DRX, or use optimised signalling procedures – for example UE “capability” or PPI extension indicating that it is a device sending small or infrequent data. This could be done using RRC signalling without impacting S1/Iu and so we should look at this simpler alternative to CN assisted eNB management for SDDTE as well.

	CMCC
	We think PPI is designed for connected UE, and may mismatch the situation in idle mode. It will be more accurate for UE to report its preferred UE specific DRX parameter.

	Orange
	Comments from Solution 1a apply.
We think that configuration aspects of extended DRX can be discussed at a later stage.

	Alcatel-Lucent, Alcatel-Lucent Shanghai Bell
	We also think that this is an extension of the solution 1a and details can be discussed later.  

	NEC
	Since PPI is a general UE preference we think it could also apply to idle mode for extended paging configuration. The network would revert to normal paging configuration once the UE has updated the PPI to normal without forcibly transiting to connected mode.

	RIM
	UE assistance information as specified in Rel-11 may be used for controlling the connected mode DRX parameters. This is set based on the current UE preference for latency vs power consumption depending on factors such as user interaction and active applications etc. adjusting idle mode paging cycles based on this information may delay an incoming page (for instance a voice call etc). This may not be acceptable. Extensions to the current PPI mechanism may be considered to provide further information to the network though. 

	InterDigital
	Applicability: Applicable to infrequent data

Issues same as 1a.

Impact to radio protocol: RRC Connection Release message carries the extended DRX cycle value.

	Ericsson, ST-Ericsson
	Similar comments provided in Solution 1a also apply to Solution 1b. Using the PPI mechanism in connected mode may not be the best way to indicate preference for extended DRX cycles in idle mode.

	Sony
	Same comments as solution 1a.

	ITRI
	Same comments as solution 1a. We also agree with the additional comments from LGE.

	Huawei, HiSilicon
	Same comments as solution 1a.

	QC
	It is not necessary to use PPI to determine extended DRX. The network should consider:

· UE type/capability

· Subscription

· Application type

· Other assistance information, e.g. history activity information

· Mobility pattern


2.2
Long DRX cycles in connected mode

2.2.1
Solution 2a: Long DRX cycles in connected mode

The proposed solution (described in TR37.869v0.2.0, section 7.2.1) extends the long DRX cycles in connected mode allowing the terminal to switch off its radio transmitter and receiver for longer periods of time, and thus reduce its power consumption.

Table 3-A. Qualitative Analysis for Solution 2a
	Applicability
	

	Impacts to radio protocols
	Major impact is related to the SFN design (i.e. the possible need to extend the SFN for higher than 10.24s cycles) 

Changes to MIB/SIB.

Updates to measurement procedures may be necessary

	Impact on Mobility
	Mobility is supported.. Trade-off between HO and RRC state transition may need to be considered.

	Impacts to S1/Iu signalling
	

	Impact to network implementation
	Support of protocol extensions to enable negotiation of extended DRX cycles / alternating between extended DRX cycle and normal DRX cycles.

	Impact to UE implementation
	Support of protocol extensions to enable negotiation of extended DRX cycles / alternating the extended DRX cycle with the normal DRX cycles, etc.

	Impact on UE Power Consumption
	UE Power savings due to longer periods in low power mode. 

	Impact on UE performance
	DL initiated transfers suffer higher UP latency.


Table 3-B. Companies views on qualitative analysis for Solution 2a
	Company
	Comments

	LGE
	We wonder if SFN extension is the only way to support this solution. We should allow RAN2 to discuss other options. If we do not expect SFN extension, we could also avoid change of MIB/SIB.

In our view, solution 2a should be applicable only for MTC devices, considering very long paging cycle.

Regarding mobility, we wonder if this solution is beneficial for moving UE, considering that moving UE would perform handover which means UE should perform measurement and acquire system information from a target cell. However, this solution would be beneficial to stationary UEs.

Regarding negotiation of extended DRX cycles / alternating between extended DRX cycle and normal DRX cycle, if we assume that this solution is used only for MTC devices, we think that alternating between two DRX cycles is not needed. Nevertheless, we currently allow RAN to change DRX configuration for UE in RRC_CONNECTED. Namely, we can utilize the current signalling.
Regarding impact on S1/Iu interface, we expect impact on this interface e,g. indicating support of extended DRX cycle.

	ZTE
	The extension of the DRX cycle in Connected mode would allow UEs to remain in Connected mode for longer period, with reduced power consumption. However:

· This approach would lead to additional HO signalling for high mobility UEs which are active very infrequently.
· The num of connected UEs may increase significantly, and the eNB might need to dedicate resources (e.g. PUCCH) for long periods to UEs which are active only infrequently.
· In any case the proposal seems only applicable to delay tolerant traffic due to increased DL UP latency 
· As for solution 1a, significant power consumption gains (for MTC/delay tolerant traffic) would only be possible if the DRX cycle is extended hundreds or even thousands times (is this realistic?)

	MediaTek
	With very long DRX cycle in connected mode, the mobility performance is a concern, e.g. UE might face RLF at each wakeup, then there is no difference to release the UE to idle. So, we think this is only useful for static UE.

	Nokia Corporation, Nokia Siemens Networks
	Protocol: DRX configuration parameter in RRC needs to be changed, 

Mobility performance affected by longer DRX. The impact depends on the traffic pattern and short DRX cycle configuration; data transfer triggers short DRX i.e. more frequent measurements.

UE performance: Service quality will be degraded for DL packet delivery due to extended DRX cycle.

	Samsung
	The impacts described in Solution 1a should be also considered. 

	Fujitsu
	Regarding the “Applicability”, it is only applicable for delay tolerant traffic.

Regarding the  “Impacts to radio protocols”, 

1) We propose to change “Major impact is related to the SFN design (i.e. the need to extend the SFN for higher than 10.24s cycles)” to “Major impact is related to the SFN design if the DRX cycle is extended beyond 10.24s”. 

2) We propose to change “Updates to measurement procedures may be necessary” to “Updates to RRM and RLM measurement requirement may be necessary”. 

Regarding the “Impact on mobility”: it is applicable for the stationary UE. Whether it is applicable for moving UE depends on how the RRM measurement requirements are defined for the extended DRX cycle.
Regarding the “Impact to network implementation”: one additional impact is: The eNB needs to maintain more UE contexts compared to moving the UE to RRC_idle.

	CATT
	Regarding the impact on UE performance, we think the impacts on radio link monitoring procedure and intra frequency measurements should also be considered.

Regarding the impacts to mobility performance which was evaluated in R11 EDDA, if applied, this solution could only be used in limited scenarios, e.g. for UEs with no mobility or low mobility.

	Renesas
	This can be beneficial for UEs sending and receiving relatively frequent small data and extended DRX for RRC CONNECTED state might have benefit for more UE types, i.e. traditional devices (smartphones, tablets, etc.) as well as MTC devices. 

There may be several advantages of this solution that

· It could re-use the existing DRX mechanism as much as possible and the only change might be introducing new cycles for increased power saving.

· Terminals could avoid RRC connection establishment procedure to perform data transmission hence addressing also signalling overhead reduction. 

· This is already supported in UTRAN in the form of CELL_PCH, URA_PCH, CELL_FACH

At the same time, it also has some drawbacks, for example eNB has to maintain a large number of UE contexts.

For infrequent small data, we should also consider RRC state(s) similar to UTRAN CELL_PCH/URA_PCH. Since these are used by today’s UMTS networks rather successfully to achieve UE power while reducing signalling and providing robust mobility, we should look at using these existing solutions in EUTRAN as well. 

	CMCC
	Regarding to Mobility aspect, extended DRX cycle will have impact on UE measurement, and therefore have impact on handover performance. As to other aspects, we generally agree with Intel’s qualitative analysis.

	Orange
	Also in this solution main concern is HO performance degradation. Due to long sleeping times moving UEs will experience more HO failures and RLF occurrences. Therefore RAN2 should make sure that this solution is applied only by stationary UEs, e.g. by introducing Low-mobility state into MSE mechanism. In the table above we should add: “Increased number of HO failure and RLF events for moving UEs.”

	Alcatel-Lucent, Alcatel-Lucent Shanghai Bell
	In the past, for LTE, we have tried to keep the Connected and Idle modes similar in terms of power.  If long DRX is introduced for Idle, then most of the functionality for supporting long DRX is already supported and evaluation/benefits of this solution should be re-evaluated after the decision on long DRX for Idle mode is taken.    

Impact to SIB monitoring if UE does not wake up at the current default paging cycle.

	NEC
	On Impacts to S1/Iu signalling: The long DRX cycle longer values to be configured by the RAN to the UE needs to be provided from the CN.

	RIM
	Power consumption is mainly a function of DRX parameters as concluded in eDDA study. So, making connected mode DRX long cycle length similar to idle mode paging cycle length is one way to achieve lower power consumption in connected mode. Handover signalling in connected mode however needs to be mitigated and solutions for reducing this shall be considered. Solutions to achieve this shall be investigated by RAN2.  

	InterDigital
	Applicability: Frequent data

Impact to radio protocols:  There may be need for modify mobility measurement requirements and core network mobility handling during long connected mode DRX cycles  .

Impact to mobility: Possibility of increased mobility and hence signaling. Possibility of increased RLF 

Impact to network implementation:  The number of UEs that are kept in connected mode increases, the eNB has to keep more contexts.  
UE performance: Some impact to RLM are possible, in which case there could be greater chance of UE incurring RLFs

	Ericsson, ST-Ericsson
	Similar comments provided in Solution 1a also apply to Solution 1b, i.e. SFN range, longer access times.

Applicability: The length of the DRX cycle should be such that the QoS requirements of the UE (downlink) traffic are satisfied when the UE is in connected mode. Extended DRX cycles in connected mode may have QoS implications or new subscription characteristics may need to be introduced in the core network.
Impact on mobility: Introduction of extended DRX cycles in connected mode might impact mobility procedures. Keeping the current measurement procedures has the consequence that it will take a longer period of time before a measurement report will be triggered by the UE. For fast moving UEs, the UE may have already moved to a new cell before the measurement report is triggered, and a radio link failure may then occur. Additional mechanisms may be required to handle fast UEs in connected mode if DRX cycles are extended.

Impacts to radio protocols: RLM requirements need to be adjusted when extended DRX cycles are applied. 

Impact to network implementation: During long UE sleeping periods, the eNB may need to buffer incoming packets until the UE becomes reachable. The eNB may also need to keep UEs in connected mode for longer periods and thus store the UE context in the mean time.

	Sony
	Although we are also afraid that there will be several foreseeable drawbacks, as described in ZTE, we believe that the extension of paging cycle will be beneficial for connected mode. We think that connected-mode DRX should be considered, but, the DRX cycles should be limited to relatively small values.

	ITRI
	As we discussed in eDDA, this solution would be suitable only for stationary or low speed UEs.

	Huawei, HiSilicon
	Applicability: Connected mode. Infrequent data. Delay tolerant traffic. Low velocity or stationary.
Impacts to radio protocols:  Similar as solution 1a, change sentence “Major impact is related to the SFN design (i.e. the possible need to extend the SFN for higher than 10.24s cycles)” to “May bring major impact to SFN design (i.e. to extend the SFN space) if the extended DRX cycle is larger than 10.24s”. Further, in our understanding, several aspects need to be considered before RAN2 agree whether to increase the DRX cycle and how long the extended DRX cycle will be, e.g. the impact on NAS layer signalling, the impact on RRM requirements (radio link monitoring, cell identification period and measurement period), etc.
Impact on Mobility: mobility robustness might be negatively impacted.

	QC
	Applicability: Delay tolerant UE

Impact to Radio protocols: SFN extension should not be the only candidate solution

Impact on Mobility: When UE wakes up from deep sleep, cell selection and RLF procedure may be used. For non-stationary UE, URA_PCH like state should be defined for LTE.

Impact to network: cache paging in network and set flag in HSS for paging sending/resending

Impact to UE implementation:

· DRX negotiation

· Deep sleep procedure and wake up procedure

· New Paging occasion calculation

New values for timers have dependency on DRX


2.3
Transmission delay until better coverage conditions

2.3.1
Solution 3a: Transmission delay until better coverage conditions

This solution (described in TR37.869v0.2.0, section 7.3.1) allows UEs to transmit at lower power levels by delaying the transmission until coverage conditions are better.

Table 4-A. Qualitative Analysis for Solution 3a
	Applicability
	

	Impacts to radio protocols
	None

	Impact on Mobility
	Mobility is supported.

	Impacts to S1/Iu signalling
	None

	Impact to network implementation
	

	Impact to UE implementation
	UL Data buffering

Received signal quality/strength comparison before packet transmission. 

New Transmission Delay Timer.

	Impact on UE Power Consumption
	Potential UE Power savings.

	Impact on UE performance
	Potential issue for UEs in cell edge or with high speed.
Potential UP delay


Table 4-B. Companies views on qualitative analysis for Solution 3a
	Company
	Comments

	LGE
	It is not clear how radio protocols of UE work for this solution. If application layer of UE buffers data, there would be no impact on radio protocol. However, interaction between application layer and radio protocol is expected, e.g. the radio protocol should inform application layer about signal quality.

Regarding UE implementation, we have a concern on UE memory due to buffering.

Regarding UE performance, if UE is always in bad quality e.g. for stationary UE, UE will always delay data transmission until timer is expired. It means we will just delay data transmission without a benefit of power saving.

	ZTE
	Unfit for delay sensitive applications/devices.

It seems this can be left to implementation, without any standard impact.

	MediaTek
	It is possible after the delay the signal quality is worse, then the solution actually results in more power consumption on a per UE basis. The solution is justified from network efficiency point of view rather than per UE power saving. Other factors may obsolete the UE decision too, e.g. connection setup delay, scheduling delay, etc. In general, we think it is difficult to discuss the details of the solution and better rely on smart UE implementation.

	Nokia Corporation, Nokia Siemens Networks
	Not suitable for stationary UE:s where the delay of getting good enough radio conditions may last prohibitively long.

Q: How does UE decide the signal quality threshold? 

Q: The UE has to maintain a buffer to save the UL data for later transmission. How about the MT case?  The DL packets may be discarded after the paging repetition procedure if the radio condition is getting worse over a period of time.

	Samsung
	In the case that the MTC device tries to access so infrequently, e.g. once per a few day, the power consumption gain is not much with this approach. Furthermore, it could be solved by an implementation rather than standardization.

	Fujitsu
	Regarding the “Applicability”: it is only applicable for delay tolerant traffic. In addition, we are wondering whether this solution could work well for the MT communication. E.g., if after receiving the page the UE delays the service request transmission, and then this may cause the MME to perform useless paging retransmissions.
In addition, we share the same view that this solution can be left to UE implementation.

	CATT
	If needed, to achieve the “Transmission delay until better coverage conditions” solution by UE implementation. No standardization is needed.

	Renesas
	The solution doesn’t work well for a stationary UE, since the coverage is not likely to improve in a particular location. It also seems possible to do this already by setting appropriate cell suitability criteria, so it is not clear to us what the benefit of this is, if any

	CMCC
	Agree with Intel’s analysis.

	Orange
	We think that such solution can be left to UE implementation and does not have to be discussed in 3GPP.

	Alcatel-Lucent, Alcatel-Lucent Shanghai Bell
	If a more controlled behaviour is required, the scheme can be extended to provide thresholds for signal strength and delay.  

Complexity is minimal.  

	NEC
	On Applicability: this solution is for time tolerant UL application and moving MTC device.

On Impact to network implementation: The signalling impacts is on upper layers e.g. OMA DM as per SA2 TR.

On Impact to UE implementation: Impacts on UE implementation in AS can be kept minimal by having RRC provided the radio measurements to NAS so that NAS can take the decision on whether to delay the transmission or not depending on the radio thresholds.

On Impact on UE performance: we do not think there is a issue for UEs in cell edge nor with high speed. This solution would be beneficial for the cell edges as there coverage is expected to be low. If the transmission is delayed for a terminal at the cell edges (where the coverage is below the threshold) and the terminal is moving, it could be only for better as the coverage could not go worse – the terminal either moves away from the edge or crosses it and gets better coverage at the new cell. As about the high speed moving terminals, since the radio conditions are not stable the UE can not evaluate whether to delay the transmission based on radio conditions. Then the transmission delay timer will be used: above this upper limit time the UE would transmit anyway. We do not think there is a potential UP delay since only the UE that would not mind delaying its transmission would be configured to do so. 

There could be some benefits from the system point of view in that delaying transmission in bad radio conditions would avoid to interfere with surrounding non MTC devices which would need to transmit/be transmitting anyways.

	InterDigital
	Applicability: Delay tolerant and infrequent data only.

Impact to radio protocols: eNB should inform UE what is the threshold below which signal strength is considered bad for Tx
Impact to UE: Support detection of bad coverage and delay Tx until coverage improves, support for additional buffering 

	Ericsson, ST-Ericsson
	Does this solution have any impact on standard or is it up to UE implementation? It may be possible to save power in certain scenarios by delaying the connection setup and transmission of uplink traffic while waiting for better radio conditions in idle mode. It is, however, possible that the radio conditions do not improve over time, or even become worse. Performing extra measurements to determine the radio conditions may degrade possible power savings.

	Sony
	UEs with certain mobility can in principle have some benefit, but they could also experience some implementation losses caused by the difficulties associated with mobility. There will be virtually no benefit for the stationary UEs with good channel conditions, while there may be significant performance degradations among the UEs in bad channel conditions.

	ITRI
	It could be left to implementation rather than standardization.

	Huawei, HiSilicon
	Impacts to radio protocols: The whole solution could be implementation specific without any standard impact. 

	QC
	This solution can be supported by UE implementation without standard impact. So, it is not necessary to evaluate this solution in RAN2


3. Details of Extending DRX Cycle

Based on the topics discussed in UE Power Consumption contributions, this section proposes to discuss the details of extending DRX Cycle. Companies are invited to provide their views on question 1 and 2 below.
Question 1. Is extending DRX Cycle in Idle a preferred solution (described in TR37.869v0.2.0, section 7.1.1)? (Yes/No & why. If the answer is yes, provide details about how long it needs to be extended (e.g. above or beyond 10.24 seconds)

Table 5. Companies views on question 1
	Company
	Comments

	LGE
	YES. 
It is expected that the devices only using MTC applications would normally stay in RRC_IDLE for a long time, and hence, we propose to focus on MTC applications for extending the DRX cycle in IDLE mode.
We think the DRX cycle much longer than 10 seconds, e.g., several minutes, can be considered for the MTC application in IDLE mode. However, how long it needs to be extended could be provided by SA2.

	ZTE
	Among the solutions addressed by this email discussion, this is the one that could probably be further considered (but only if restricted to delay tolerant traffic).
In case, the maximum DRX cycle in idle mode should be extended at least by a factor of 10.

	MediaTek
	Yes

Depends on the type of MTC device, the optimized DRX value can vary in a wide range. We think DRX value beyond 10s is unavoidable.

	Nokia Corporation, Nokia Siemens Networks
	No. It is not clear if this gives any gain over detach/attach procedure. Gain vs. the efforts and complexity increase due to specification changes is uncertain. The required changes to specification and implementation will be large if the extended DRX cycle exceeds the SFN periodicity.

	Samsung
	Yes. This approach is preferable. Assuming that the MTC device transmits or receives a small data for the short connected time, and then comes back to IDLE, the MTC devices would spend most of their time at IDLE. Accordingly, ‘Extended DRX in idle mode’ is so useful to save UE power consumption. However, before RAN2 decides this solution as a best preference, RAN2 needs to fully discuss the impacts that we have already introduced in Table 1-B. 

On the other hand, we need to carefully determine how long DRX cycle is extended because the extended DRX cycle over 10.24 sec means further complexity such as SFN extension. If the DRX extension provides a significant gain and the additional complexity is acceptable, RAN2 should then decide to extend the longer DRX cycle over 10.24 sec. 

	Fujitsu
	As we commented to solution 1a, regarding the “Impact on UE power Consumption”, we think RAN2 should further evaluate if the UE power can really be saved with extended DRX cycle beyond the length of the SI modification period without relaxing the measurement requirements.

	CATT
	Yes. The exact length of the extended DRX cycle depends on QoS requirements, e.g. delay tolerance, of applications. If for the typical MTC metering applications, we assume the length could be tens of minutes, or even several hours.

	Renesas
	Maybe

 “DRX” length may need to be in the order of several hours. In this case we would need to consider something more than just DRX extension in idle mode, such as the proposed dormant state.

	CMCC
	YES

We also think extended DRX cycle in idle is mainly used for MTC applications. Consider the inter-arrival time of packet could be several minutes to hours, it is beneficial to extend the cycle beyond 10.24s, e.g. several minutes. But the exact upper limit of DRX cycle depends on for how long of the inter-packet is beneficial to move UE to detached state or just stay in idle mode.

	Orange
	Yes

Considering that inter-arrival times for packets in many MTC applications are well beyond 10.24s we should extend DRX cycle beyond this value. We also agree with CMCC comments about finding the upper limit for DRX cycle length.

	Alcatel-Lucent, Alcatel-Lucent Shanghai Bell
	Yes.

Maximum extension possibility depends on number of bits used to extend SFN.  The actual extension depends on the where the bits are carried.  If the extension bits are in SIB, there is more flexibility in number of bits that can be allocated.  

	RIM
	Maybe

But this doesn’t necessarily need to be specific to idle mode. In general extending DRX cycle might bring some benefits but this is same for connected mode and idle mode. The overall benefit depends on how long the device spends in each state (which is again a function of the traffic). In general the solutions for UEPCOP should be considered in conjunction with the solutions for SDDTE. 

	InterDigital
	Yes.

It is expected to be provide gains for MTC devices – in our understanding the SA2 discussions were focusing on the values of the extended DRX higher than 10 sec but less than a day. 

	Ericsson, ST-Ericsson
	Maybe. RAN2 should study if it is beneficial to extend the DRX cycles longer than the current SFN range. We should also check whether this solution has gains over alternatives such as attach/detach procedures. The complexity and the efforts required for any solution to be standardized and implemented should be justified with the gains.

	Sony
	Yes. A DRX cycle of several minutes or more may provide a years-long battery life for the MTC UE.

	ITRI
	No.

The solution “Power Saving State” described in TR 23.887v0.9.0 section 7.1.3.3 is more preferable. In our understanding, “Power Saving State” may lead to the similar UE behaviour as long DRX with less RAN impacts.

	Huawei, HiSilicon
	In theory, the longer the DRX cycle becomes, the better the power saving performance achieves. However, longer DRX cycle will bring impacts to other protocol layers which might prevent the DRX cycle from further extending, e.g. it might impact NAS signalling response and RAN4 RRM requirements, which should be evaluated carefully before RAN2 make a final decision. Further, we should compare the “idle state longer DRX cycle” solution with “attach/detach” solution and “dormant state” solution to see the power saving performance. So far it is too early to say YES or NO and how long it needs to be extended.

	QC
	Yes

The upper bound of the extended DRX should be larger than 10.24 sec to e.g. 1 hour.

	INTEL
	Yes; it is preferred to extend DRX cycle in idle mode especially for delay tolerant data. Assuming small data exchange, and delay tolerant MTC type of traffic, this solution provides significant gains in UE power savings for values beyond 10.24 seconds and hence corresponding support may be necessary. RAN2 should consider the benefits and evaluate against the complexity to the specifications across affected RAN groups and determine if it is acceptable. 


Question 2. Is extending DRX Cycle in Connected a preferred solution (described in TR37.869v0.2.0, section 7.2.1)? (Yes/No & why. If the answer is yes, provide details about how long it needs to be extended (e.g. above or beyond 10.24 seconds)

Table 6. Companies views on question 2
	Company
	Comments

	LGE
	No. 
If the network wants to provide longer DRX cycle to UE, it could move UE to RRC_IDLE. 

However, if power saving solution is needed for RRC_CONNECTED less than 10 seconds, we could consider extending the current value of long DRX cycle.

	ZTE
	No. Same comments as LGE

	MediaTek
	No.

Except for static UE, we think this solution face similar mobility problem as extending DRX in idle mode with more overhead. Therefore, it is better to rely on idle mobility.

	Nokia Corporation, Nokia Siemens Networks
	No. Same comments as for idle mode. Additionally, mobility performance would be affected making e.g. data offloading for small cells less reliable. Extended DRX cycle will increase the latency for DL packet transmission.

	Samsung
	No. This approach is applicable for connected mode only. Its usefulness would be maximized if ‘Keep the UE in connected mode’ in SDDTE is applied because the longer connected mode is kept with the SDDTE solution. However, the applicability for this approach is limited for stationary MTC device only because signalling overhead will be extremely increased in order to support mobility for non-stationary MTC device. Accordingly, it doesn’t seem that this approach is useful for all type of MTC devices.

	Fujitsu
	No. If the DRX is extended less than 10.24s, only extending the current long DRX value is enough without any other impact. If the extended DRX beyond 10.24s is considered beneficial, keeping the UE in connected state but not moving it to idle is not justified by saving the signalling during the state transition.

	CATT
	No. Same understanding as LGE

	Renesas
	Yes. 

If we could get similar power consumption as IDLE mode, this solution might have additional benefit, applicable to more terminal types, saving on the RRC connection establishment procedure.

DRX longer than 10.24 is probably unnecessary for the relatively frequent transmission. For infrequent transmissions we may need to look at semi-connected/semi-idle/dormant state which uses idle mode style mobility (e.g. like UTRAN PCH states) which can address the power consumption issue without touching traditional connected and idle mode DRX lengths.

	CMCC
	No. We generally think it would still be beneficial to extend the DRX cycle up to 10.24s, above 10.24s may result in mobility problem, which would overwhelm the benefit of power saving.

	Orange
	We have no strong opinion on that. 

RAN2 could look for alternatives by enhancing connection establishment procedure instead.

	Alcatel-Lucent, Alcatel-Lucent Shanghai Bell
	No, if it is considered for connected mode only.

If it is introduced for Idle, then it can be considered also for connected mode though the benefits over other Idle mode solutions for sporadic data scenario should be evaluated.

	RIM
	Yes

In general extending DRX cycles in connected mode and making the long cycle length similar to idle mode paging cycle can make the connected mode power consumption similar to the idle mode. Mobility signalling of course needs to be mitigated in this case and solutions in this direction shall be investigated further by RAN2. In general the solutions for UEPCOP should be considered in conjunction with the solutions for SDDTE. 

	InterDigital
	No.  Same understanding as LGE. 

	Ericsson, ST-Ericsson
	Probably not. The complexity and the efforts required for any solution to be standardized and implemented should be justified with the gains. The outcome of the eDDA WI in Rel-11 should be a reference to such discussion. 

	Sony
	Yes. But, the extension factor should be limited to a small value. 

	ITRI
	No. We share the same view with Samsung.

	Huawei, HiSilicon
	In theory, the longer the DRX cycle becomes, the better the power saving performance achieves. However, longer DRX cycle will bring impacts to other protocol layers which might prevent the DRX cycle from further extending, e.g. it might impact NAS signalling response and RAN4 RRM requirements, which should be evaluated carefully before RAN2 make a final decision. So far it is too early to say YES or NO and how long it needs to be extended.

	QC
	Yes

We may either introduce URA_PCH like solution to LTE or use the extended C-DRX for stationary UE.

The range of extended C-DRX should be same/similar to extended I-DRX, and be longer than 10.24 sec.

	INTEL
	Yes; it is beneficial to extend DRX in connected mode especially for low/no mobility type of devices exchanging frequent delay tolerant data, as it helps in signalling overhead reduction and power consumption reduction, for values beyond cycle lengths 10.24s 


4. Summary
In this email discussion, 24 companies provided their views in relation to the qualitative analysis of the proposed solutions for UEPCOP. This section summarizes the open issues and comments identified by different companies with respect the RAN impact as well as proposal and conclusions for next steps.
4.1
Extended DRX in Idle
4.1.1
Solution 1a: Extended DRX in idle mode
Companies were invited to provide their views on the initial qualitative analysis for the solution 1a (described in TR37.869v0.2.0, section 7.1.1). The company’s views are summarized in table 1-A(2). A summary of the issues and comments identified by the different companies are captured below to discuss the way forward on this solution.
Table 1-A(2). Proposed Qualitative Analysis for Solution 1a
	Applicability
	Idle mode. Delay tolerant traffic. Infrequent data (e.g. within several minutes). Stationary or Low velocity. Specific to MTC applications.

	Impacts to radio protocols
	Impact to the SFN design and MIB/SIB if DRX Cycle is extend beyond 1024 radio frames, in LTE or 4096 radio frames in HSPA
Potential modification to paging (e.g. mechanism and  PO/PF calculations)
Updates to RRM requirements and TAU procedure may be necessary procedure
UE and eNB capability support

	Impact on Mobility
	Mobility is supported.

	Impacts to S1/Iu signalling
	Extended DRX Cycle capability support
Exchange of extended UE specific DRX value and new paging scheme 

	Impact to network implementation
	Support of protocol extensions to enable negotiation of extended DRX cycles / alternating between extended DRX cycle and normal DRX cycle.

Extension of buffers for pending paging messages

	Impact to UE implementation
	Support of protocol extensions to enable negotiation of extended DRX cycles / alternating between extended DRX cycle and normal DRX cycle.

	Impact on UE Power Consumption
	UE Power savings due to longer periods in low power mode.


	Impact on UE performance
	Longer access times for MT services.


Open issues:

· Reliability of Paging Reception (e.g. missing a page message with a notification of SI change) 
· Mobility performance degradation

· Cell Reselection might not work properly
General comments:

· Modification in SFN design might not be major impact i.e. introduce extension bits for SFN in SIB for delays tolerant devices.
· Consider alternative solutions to support extending DRX Cycle without extending SFN (e.g. “system time info” based solution)
· Further study the power consumption gain of extending DRX Cycle for MTC/delay tolerant traffic with a periodicity of hours, days or more targeting to provide an ultra-low power UE that makes multi-year battery operation possible for MTC
· Further study the power consumption gain of extending DRX Cycle beyond SFN periodicity

· Update paging mechanism avoiding impact on default paging cycle

· Mobility support may not be necessary due to the applicability of this solution

· DRX negotiation support may not be necessary due to the applicability of this solution
Proposal 1: It is proposed to discuss and decide on the way forward in the analysis of solution 1a referring to the open issues and general comments.
Proposal 2: It is proposed to capture table 1-A(2) in its corresponding section of RAN MTCe TR 37.869.
4.1.2
Solution 1b: Extended DRX using UE Assistance Information

Companies were invited to provide their views on the initial qualitative analysis for the solution 1b (described in TR37.869v0.2.0, section 7.1.2). The company’s views are summarized in table 2-A(2). A summary of the issues and comments identified by the different companies are captured below to discuss the way forward on this solution.
Table 2-A(2). Proposed Qualitative Analysis for Solution 1b
	Applicability
	Idle mode. Delay tolerant traffic. Infrequent data (e.g. within several minutes). Stationary or Low velocity. Specific to MTC applications.

	Impacts to radio protocols
	Impact to the SFN design and MIB/SIB if DRX Cycle is extend beyond 1024 radio frames, in LTE or 4096 radio frames in HSPA
Potential modification to paging (e.g. mechanism and  PO/PF calculations)
Updates to RRM requirements and TAU procedure may be necessary procedure

UE and eNB capability support
Add extended DRX Cycle in RRC Connection Release

	Impact on Mobility
	Mobility is supported.

	Impacts to S1/Iu signalling
	Extended DRX Cycle capability support
Exchange of extended UE specific DRX value and new paging scheme
Power Preference Information sent over the S1 interface 

	Impact to network implementation
	Support of protocol extensions to enable negotiation of extended DRX cycles / alternating between extended DRX cycle and normal DRX cycle.

Extension of buffers for pending paging messages
Support of protocol extensions to enable negotiation of extended DRX cycles / alternating between extended DRX cycle and normal DRX cycle.
New mechanism to handle Power Preference Information

	Impact to UE implementation
	Support of protocol extensions to enable negotiation of extended DRX cycles / alternating between extended DRX cycle and normal DRX cycles.

	Impact on UE Power Consumption
	Potential UE Power savings due to longer periods in low power mode. 

	Impact on UE performance
	Longer access times for MT services.


Open issues:

· Companies wonder if PPI can be used to determine the extension of Idle DRX Cycle (e.g. it is a parameter conveyed during Connected mode, it has a dynamic nature).
Comment:
· Focus the study to evaluate the feasibility of solution 1a before discussing 1b
Proposal 3: It is proposed to discuss postponing evaluation on solution 1b.
Proposal 4: It is proposed to capture table 2-A(2) in its corresponding section of RAN MTCe TR 37.869.
4.2
Long DRX cycles in connected mode
4.2.1
Solution 2a: Long DRX cycles in connected mode

Companies were invited to provide their views on the initial qualitative analysis for the solution 2a (described in TR37.869v0.2.0, section 7.2.1). The company’s views are summarized in table3-A(2). A summary of the issues and comments identified by the different companies are captured below to discuss the way forward on this solution.
Table 3-A(2). Proposed Qualitative Analysis for Solution 2a
	Applicability
	For stationary or low mobility UEs. For frequent as well as infrequency data transmission. For delay-tolerant traffic due to increased DL UP latency.

	Impacts to radio protocols
	May bring major impact to the SFN design if DRX cycle is extended beyond 10.24 seconds. 

Impact to SIB monitoring if UE does not wake up at the current default paging cycle.
Updates to RRM and RLM measurement requirements may be necessary.

	Impact on Mobility
	Mobility performance esp. for high-mobility UE may be degraded due to increased number of HO failures and RLF occurrences.

	Impacts to S1/Iu signalling
	

	Impact to network implementation
	Support of protocol extensions to enable negotiation of extended DRX cycles / alternating between extended DRX cycle and normal DRX cycles. 
Increased number of UE contexts to store due to increase of the number of UEs that are kept in connected mode. Affects DL data buffering.

	Impact to UE implementation
	Support of protocol extensions to enable negotiation of extended DRX cycles / alternating the extended DRX cycle with the normal DRX cycles, etc.

	Impact on UE Power Consumption
	UE Power savings due to longer periods in low power mode. 

	Impact on UE performance
	Degradation of service quality for DL packet delivery due to higher UP latency.


Open issues:

· Impact on NAS signalling.

· Impact on RRM and RLM requirements.

General comments:

· Consider alternative solutions to SFN extension to support this solution.

· For infrequent small data consider RRC state(s) similar to UTRAN CELL_PCH/URA_PCH states to achieve UE power saving while reducing signalling and providing robust mobility.

Proposal 5: It is proposed to discuss and decide on the way forward in the analysis of the solution 2a referring to the open issues and general comments.
Proposal 6: It is proposed to capture table 3-A(2) in its corresponding section of RAN MTCe TR 37.869.
4.3
Transmission delay until better coverage conditions

4.3.1
Solution 3a: Transmission delay until better coverage conditions

Companies were invited to provide their views on the initial qualitative analysis for the solution 1a (described in TR37.869v0.2.0, section 7.3.1). The company’s views are summarized in table 4-A(2). A summary of the issues and comments identified by the different companies are captured below to discuss the way forward on this solution.
Table 4-A(2). Proposed Qualitative Analysis for Solution 3a
	Applicability
	Delay tolerant traffic

	Impacts to radio protocols
	None

	Impact on Mobility
	Mobility is supported.

	Impacts to S1/Iu signalling
	None

	Impact to network implementation
	

	Impact to UE implementation
	Additional UL Data buffering

Received signal quality/strength comparison before packet transmission. 

New Transmission Delay Timer.

	Impact on UE Power Consumption
	Potential UE Power savings for mobile UEs.

	Impact on UE performance
	Potential issue for UEs in cell edge or with high speed.
Longer access times for MO services.


Open issues:

· MT scenario is not clear (in worse case DL packet may be discarded).
· The signal quality threshold in which the solution is applied needs to be defined

General Comments

· 10 companies commented that this solution can be left up to UE implementation without any standardization impact.

· Companies wonder if this solution provides power saving gain for infrequent data transmission or for UEs that always are either in bad or good channel conditions.
Proposal 7: It is proposed not to further evaluate the solution 3a in RAN2.
Proposal 8: It is proposed to agree that the solution 3a can be left up to UE implementation.
4.4
Details of Extending DRX cycle

For further discussion of the details of extending DRX cycle (e.g. above or beyond 10.24 seconds) companies were invited to provide their views on the questions whether extending DRX cycle in Idle (Question 1) or Connected (Question 2) would be a preferred solution. The company’s views are summarized in table 7 and 8 below:
Table 7. Companies views on question 1

	View
	Company
	Comments

	YES
	LGE, ZTE, MediaTek, Samsung, CATT, CMCC, Orange, ALU, ALSB, InterDigital, Sony, QC, Intel (13 companies)
	Companies agree that this solution is beneficial for specific types of traffic. It is still  necessary to determine the upper limit for the DRX cycle

	No
	Nokia, NSN, ITRI (3 companies)
	Companies claim that this solution does not provide any gain over “attach/detach” or “power savings state” solutions

	No opinion
	
	

	FFS
	Fujitsu, Renesas, RIM, Ericsson, ST-Ericsson, Huawei, HiSilicon (7 companies)
	Companies prefer to further evaluate the power savings of this solution. It was suggested to compare it closer with other UEPCOP solutions as well as to consider UEPCOP solutions in conjunction with SDDTE solutions.


Although many companies think that extending DRX cycle in Idle is a preferred solution there are also many companies who think that further study on the benefits for extending DRX cycle in Idle is needed.
Proposal 9: Further study to evaluate gain of extending DRX Cycle in Idle mode beyond 10.24 seconds.
Table 8. Companies views on question 2
	View
	Company
	Comments

	YES
	Renesas, RIM, Sony, QC, Intel (5 companies)
	A new power-saving connected mode state like X_PCH states in UMTS may be introduced in LTE.

This approach may be beneficial for devices with low/no mobility.

Power consumption similar to the idle mode may be achieved.

	No
	LGE, ZTE, MediaTek, Nokia, NSN, Samsung, Fujitsu, CATT, CMCC, ALU, ALSB, InterDigital, Ericsson, ST-Ericsson, ITRI (15 companies)
	This approach may affect mobility, increase latency for DL packet transmission and be applicable to stationary MTC devices only.

For power saving purposes extending current long DRX cycle up to 10.24 seconds may be enough.

	No opinion
	Orange (1 companies)
	

	FFS
	 Huawei, HiSilicon (2 companies)
	Longer DRX cycle may impact other protocol layers which might prevent the DRX cycle from further extending, e.g. it might impact NAS signalling response and RAN4 RRM requirements.


There is a majority of companies who think that extending DRX cycle in Connected above or beyond 10.24 seconds is not a preferred solution. On the other hand some companies think if further power saving solution is needed in Connected then extending current long DRX cycle up to 10.24 seconds may be considered as a possible solution.
Proposal 10: Further study to evaluate gain of extending DRX Cycle in Connected up to 10.24 seconds.

5. Conclusion

The following proposals and conclusions were drawn based on this email discussion:
Proposal 1: It is proposed to discuss and decide on the way forward in the analysis of solution 1a referring to the open issues and general comments.
Proposal 2: It is proposed to capture table 1-A(2) in its corresponding section of RAN MTCe TR 37.869.

Proposal 3: It is proposed to discuss postponing evaluation on solution 1b.
Proposal 4: It is proposed to capture table 2-A(2) in its corresponding section of RAN MTCe TR 37.869.
Proposal 5: It is proposed to discuss and decide on the way forward in the analysis of the solution 2a referring to the open issues and general comments.
Proposal 6: It is proposed to capture table 3-A(2) in its corresponding section of RAN MTCe TR 37.869.

Proposal 7: It is proposed not to further evaluate the solution 3a in RAN2.
Proposal 8: It is proposed to agree that the solution 3a can be left up to UE implementation.
Proposal 9: Further study to evaluate gain of extending DRX Cycle in Idle mode beyond 10.24 seconds.
Proposal 10: Further study to evaluate gain of extending DRX Cycle in Connected up to 10.24 seconds.
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