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Discussion and decision
1 Introduction

In extended DRX cycle for idle mode (I-eDRX), it was agreed during RAN2#90 that there are "power consumption benefits of increasing the DRX cycle in order of minutes", considering that:
· "Once the UE wakes up, the UE determines the PF/PO based on the legacy DRX formula/cycle (i.e. no change on the paging occasion computation).
· To improve paging reliability, the paging message can be repeated on different paging occasions determined using the legacy DRX formula for a certain time window."
The following aspects were also identified for further study:
· The range of new DRX values to be defined in order to enable I-eDRX.

· The mechanism for the UE to determine when to wake up for I-eDRX (using hyper SFN or timer based).
· The way for the UE to determines for how long it needs to monitor for paging msg(s) within each I-eDRX cycle.
In addition, SA2 has sent an LS [1] to RAN2 asking to evaluate and provide a conclusion on the preferred solution from the following three solutions for paging coordination of I-eDRX between the UE and the NW: 
· Solution 1: RAN based approach (SFN extension) [2].

· Solution 2: Core Network based with event based time reference [3][4]. 
· Solution 3: Core Network based with absolute time reference [4]

 REF _Ref426976927 \r \h 
[5]. 

This contribution evaluates the RAN impacts related to these three solutions as well as other identified open issues by RAN2 and SA2, in TR 23.770 [6], aiming to progress in the specification of I-eDRX.
2 Discussion
Table 1 provides a high level overview of the main characteristics for each of those three I-eDRX solutions [1]-[9], including our view on whether it is a potential positive (() or negative (() feature. Section 2.1 further discusses those aspects identified as negative ((). On the other hand, section 2.2 covers other RAN specific open aspects that also need to be addressed in order to complete the I-eDRX specification effort. 

· Solution 1: RAN based approach (SFN extension) [2]: the UE syncs with the RAN on the POs for extended DRX, and the CN only know the DRX cycle length to adjust the paging retransmission strategy.
· Solution 2: Core Network based with event based time reference [3]

 REF _Ref426976918 \r \h 
 \* MERGEFORMAT [4]: the UE synchs with the CN on when it becomes reachable for paging based on a time reference (TRef) trigger by the NAS Attach/TAU/RAU accept message; therefore, MME buffers paging request until UE is reachable.
· Solution 3: Core Network based with absolute time reference [4]

 REF _Ref426976927 \r \h 
 \* MERGEFORMAT [5]: similar to solution 2, however the time is an absolute time reference targeting to also enable paging coordination for I-eDRX between CN, UE and potentially 3rd party application server (AS).
Table 1. Overview of each solution [1] including our view ((,()
	
	Solution 1: SFN extension (e.g. Hyper-SFN, H-SFN)
	Solution 2: event based timer reference
	Solution 3: absolute timer reference [*3]

	1. I-eDRX cycle usage and value configuration 
	· ( NAS negotiated (TI-eDRX). 

·  The UE paging H-SFN is defined based on TI-eDRX and the UE's IMSI
	· ( NAS negotiated (TI-eDRX, PTW [*2])
·  UE/MME gets TRef based on NAS Attach/TAU accept.
	· ( NAS negotiated (TI-eDRX, PTW[*2], TRef-absolute) 
· UE/MME gets absolute TRef 

· ( UE gets time clock info. from broadcast but it may not be supported by all networks

	2. I-eDRX paging mechanism 
	· ( opt.1 - eNB buffers S1-AP paging until the UE is reachable based on H-SFN, UE's IMSI and TI-eDRX
·  opt.2 - MME buffers S1-AP paging until the UE becomes reachable.
	·  MME buffers S1-AP paging until the UE becomes reachable.

· ( eNB could page UE upon receiving S1-AP based on PTW and TDRX
	·  MME buffers S1-AP paging until the UE becomes reachable.
· ( eNB could page UE upon receiving S1-AP based on PTW and TDRX

	3. I-eDRX paging retransmission handling
	·  eNB within paging H-SFN
·  MME across I-eDRX cycles (taking into account the difference due to DRX and I-eDRX)
	· (  eNB within PTW. 

·  MME within PTW or across I-eDRX cycles (taking into  account the difference due to DRX and I-eDRX)
	· (  eNB within PTW. 

·  MME within PTW or across I-eDRX cycles (taking into  account the difference due to DRX and I-eDRX)

	4. UE, RAN and CN synchronization
	· ( UE/eNB synch on H-SFN.

· ( eNB/MME synch on H-SFN (e.g. at certain time)
	·  UE and MME synch on 
elapsed time since TRef-event
	·  UE and MME synch on 
TRef-absolute.

· ( UE, eNB and MME synch on the actual clock time 

	5. UE re-synch possibility (due to clock drift) 
	· ( UE/eNB: H-SFN and SFN may be used to re-synch
·  eNB/MME: H-SFN (once a day e.g. at midnight)
	· ( Not possible until UE (CP or UP) signaling is exchanged.
	· ( UE/eNB: time clock (e.g. SIB16) may be used to re-synch
· 

	6. Cell re-selection concern (mobility)
	· ( Assuming MME/UEs are synch in H-SFN, only loose synchronization up to 10.24 sec (i.e. eNBs are not synchronized in SFN level)
	· Not a problem 
	· Not a problem.

	7. UE reachability update to 3rd party AS [*1]
	· ( Minimally supported [*4]
	· ( Supported but reachability info is updated with every  new TRef-event [*5]  
	· ( Supported [*6]


[*1] Aspects that are out of RAN scope
[*2] The paging transmission window (PTW) might be defined in terms of time and number of POs. 

[*3] SA2 proposed that solution 3 might fallback to solution 2; in this discussion, the term of 'only' solution 3 is used to differentiate when this fallback case is not considered
[*4] Potentially 3GPP could coordinate with the 3rd party Application Server (AS) to get input on the MT reachability delays that could be tolerated and 3GPP would set I-eDRX cycles accordingly.
[*5] In addition to [*4], the CN could inform the 3rd party AS of the TRef-event every time that the value gets updated (understanding that this might generate substantial signaling).
[*6] In addition to [*4], the CN could inform the 3rd party AS of the TRef-absolute (which would be a one-time event).
2.1 I-eDRX: impact analysis of the proposed solutions
Firstly, the UE, RAN and CN synchronization related concerns are analysed (i.e. points 4-5 in Table 1). From the UE side, while the UE is in I-eDRX, a low frequency clock (e.g. 32kHz) most likely would be used in order to minimize UE power consumption [10], therefore the clock accuracy/drift is an important factor that needs to be further discussed. This clock accuracy has two contributions: an absolute frequency tolerance (e.g. with typical value of ±30ppm) and a temperature dependent drift (e.g. with typical value of -0.04 (T-25°C)^2 in ppm). Assuming those exemplary typical values and the extreme temperature conditions of [-10°C, +55°C], provided in TS36.101 Annex E, the clock error drift might vary from around -5ppm to -80ppm. Correspondingly, Table 2 shows the error drift that might be observed over time given the different frequencies with which the UE could re-synchronize. 
Table 2. Exemplary error drift based on different UE re-synch frequency and clock accuracy
	Frequency for UE to re-synch
	(a) Error drift (sec) for a 10ppm clock accuracy 
	(b) Error drift (sec) for a 30ppm clock accuracy 
	(c) Error drift (sec) for a 80ppm clock accuracy 

	2.56 sec
	0.0000128
	0.0000768
	0.0002048

	3600 sec (1h)
	0.018
	0.108
	0.288

	43200 sec (12h)
	0.216
	1.296
	3.456

	86400 sec (1day)
	0.432
	2.592
	6.912


Legacy devices are usually calibrated at normal temperatures in order to compensate that clock drift and would also be able to re-synch at least once every DRX cycle, understanding that the clock drift is minimal, as per Table 2, it is below 1ms for 2.56sec. MTC/CIoT devices might be located in places in which the temperature might suffer more drastic changes and might not be able to re-synch with the network for longer times. For example, a typical periodic TAU for MTC/CIoT devices is one day, which might introduce higher clock drifts; based on the assumed values in Table 2, this clock error drift might be in the high range of 7sec. 
Observation 1. If a UE only re-synchronizes infrequently, the clock drift is in order of several seconds (e.g. for re-synch every 12h/24h, the clock drift is around 3sec/7sec for a clock accuracy of 30ppm/50ppm respectively).
Points 4-5 in Table 1 suggest that in solution 1, the UE could potentially re-synch using the broadcasted H-SFN; in 'only' solution 3, (i.e. without considering fallback to solution 2), the UE could potentially re-synch using the broadcasted clock time information; however, in current solution 2, the UE could not re-synch unless some data or control signaling is exchanged with the network (which would increase the RAN/CN signaling and the UE power consumption when this is done unnecessarily i.e. to keep UE synchronization).
Observation 2. Solution 2 does not allow the UE to re-synch while in I-eDRX until the connection is established.
Proposal 1. From RAN side, the I-eDRX preferred solution should provide the means for the UE in idle mode to re-synchronize with the network without additional signaling (i.e. H-SFN or time clock broadcast information). 

With proposal 1 as a baseline assumption for the following discussion, RAN2 could further consider the following options taking into account all other aspects described in Table 1:

a. Solution 1: A new parameter for the H-SFN or SFN-extension would be broadcast in MIB or SIB1. The advantage is that UE most likely will re-acquire MIB and SIB-1 before the PO without extra delay or impact on UE power consumption. A disadvantage is that the different eNBs and MME need to be synched on H-SFN level and even so, there is a possibility of not being synchronized up to 10.24sec when a UE moves between eNBs. Moreover, RAN nodes might need to buffer the paging message while UE is in I-eDRX and the 3GPP network could not inform the 3rd party AS about when the UE becomes reachable for MT access which might lead to increased S-GW buffering.
b. Only solution 3 (i.e. without fall-back to solution 2): A time clock information needs to be broadcast that is the same value across different RAN and CN nodes. The UTC time information sent in legacy SIB16 could be used, although there are concerns that not all network deployments use it. Even if they did, the UE might require more time to acquire SIB16 (i.e. firstly the UE would decode MIB and SIB1 to get the SIB16 scheduling information, and afterwards the UE would have to wait until SIB is sent, given its SI msg. periodicity could be between 80ms and 5.12sec). On the other hand, this solution would support synchronized paging across different cells (within the same and different MME regions) and would allow the CN to inform the 3rd party AS about when the UE become reachable for MT access.
c. Combined solution 1/2/3: This option proposes to combine the key benefit of all the solutions: from the UE side, the coordination is driven by H-SFN/SFN, however from the network side, the coordination is based on a time clock e.g. UTC based in order to also support the coordination with 3rd party application server. The relation between Tref , H-SFN and SFN could be left up to UE implementation.
c-1. For RAN coordination (UE/eNB): The eNB broadcasts the new H-SFN (i.e. H-SFN is calculated by the network based on UTC time clock reference). As previously agreed by RAN2, the actual PF/POs are determined based on legacy SFN and legacy DRX cycle.
c-2.  For overall system coordination (UE/MME/ potentially 3rd party AS): The MME might signal to the UE the absolute time reference (TRef-absolute), or otherwise the NAS event driven reference time (TRef-event) is used to coordinate the boundaries of the I-eDRX cycles aiming to have a known Tref  that could also be shared with 3rd party AS. The Tref shared with the UE might be based on time or H-SFN/SFN (FFS).
c-3. For CN coordination (eNB/MME): The network node is UTC time synched for the paging boundary within the I-eDRX cycle. MME might use and share the PTW information with the eNB to know how often the UE is reachable (i.e. through legacy paging DRX cycle).
c-4. For UE reachability coordination (UE/MME): The reference time (TRef) is used to determine when a UE might become reachable. Assuming an instant of time (TN), whereas TN = N*TI-eDRX +Tref with N being an integer; then the UE starts the PTW (i.e. UE becomes reachable in certain consecutive paging DRX cycles) when TN fulfils Tref = TN MOD TI-eDRX . The I-eDRX cycle (TI-eDRX) represents the periodicity. 
Observation 3. Solution 1 might not allow the UE to be fully synchronized across eNBs (i.e. up to 10.24 sec.) or coordinate with the 3rd party AS and would require RAN/CN to be synched in H-SFN level.
Observation 4. Only solution 3 might not allow the UE to get UTC information (e.g. if SIB16 is not supported), and even if SIB16 is sent, the UE might consume additional power consumption and would require RAN/CN to be synched in time level.
Observation 5. Combined solution 1/2/3 aims to combine the key advantages of each proposed solution providing means to allow overall system coordination with maximum UE reachability.
Proposal 2. Assuming proposal 1 is agreed, to further discuss RAN2 preference between (a) solution 1, (b) only solution 3 (i.e. without fall-back to solution 2) or (c) combination of solution 1/2/3. 
2.2 I-eDRX: other RAN2 aspects
RAN2#90 simulation performance results [11] showed a benefit to increase the I-eDRX cycle values to at least around 300sec (5min) although even higher values e.g. around 30min or 1hour could also be considered if there are concerns that UE might need to wake up for longer times before each paging and that the UE clock drift would not be high (up to 288ms in Table 1).
Proposal 3. To discuss RAN2 preference in increasing paging DRX cycle up to 5min., 30min. or 1hour. 

Extended DRX cycle solution primarily reduces UE power consumption for devices with infrequent traffic that need to be reachable for MT data with certain delays in the order of several minutes to an hour. Therefore, while a UE is in the sleep period of the I-eDRX, the cell re-selection and RRM mechanisms could be left up to UE implementation. Therefore, the UE could be allowed to turn off all AS activities leaving it up to UE implementation about which layer (i.e. AS or NAS) will control the timer to trigger the UE to wake up after I-eDRX time and before the next PF/PO. In some way, I-eDRX could be considered similar to PSM; however, the UE needs to wake up with "enough" time to receive SI and/or perform cell re-selection, if applicable. 
Proposal 4. To leave up to UE implementation whether any AS action is required while UE is in extended DRX sleep period (similarly to PSM definition).
On the other hand, the UE will need to check the systemInfoValueTag sent in SystemInformationBlockType1 before aiming to receive a paging message after being in I-eDRX sleep as the UE might have missed the systemInfoModification indication sent in previous paging messages (i.e. the I-eDRX cycles could be longer than legacy modification period). 
Proposal 5. To define that UE needs to have the most updated systemInfoValueTag sent in SIB1 before attempting to receive a paging message after being in an extended DRX cycle. 

3 Conclusion
The observations and proposals related to the RAN impacts and open aspects of the proposed I-eDRX solutions are the following:

Observation 1. If a UE only re-synchronizes infrequently, the clock drift is in order of several seconds (e.g. for re-synch every 12h/24h, the clock drift is around 3sec/7sec for a clock accuracy of 30ppm/50ppm respectively).

Observation 2. Solution 2 does not allow the UE to re-synch while in I-eDRX until the connection is established.

Observation 3. Solution 1 might not allow the UE to be fully synchronized across eNBs (i.e. up to 10.24 sec.) or coordinate with the 3rd party AS and would require RAN/CN to be synched in H-SFN level.
Observation 4. Only solution 3 might not allow the UE to get UTC information (e.g. if SIB16 is not supported), and even if SIB16 is sent, the UE might consume additional power consumption and would require RAN/CN to be synched in time level.

Observation 5. Combined solution 1/2/3 aims to combine the key advantages of each proposed solution providing means to allow overall system coordination with maximum UE reachability.
Proposal 1. From RAN side, the I-eDRX preferred solution should provide the means for the UE in idle mode to re-synchronize with the network without additional signaling (i.e. H-SFN or time clock broadcast information). 

Proposal 2. Assuming proposal 1 is agreed, to further discuss RAN2 preference between (a) solution 1, (b) only solution 3 (i.e. without fall-back to solution 2) or (c) combination of solution 1/2/3. 
Proposal 3. To discuss RAN2 preference in increasing paging DRX cycle up to 5min., 30min. or 1hour. 

Proposal 4. To leave up to UE implementation whether any AS action is required while UE is in extended DRX sleep period (similarly to PSM definition).
Proposal 5. To define that UE needs to have the most updated systemInfoValueTag sent in SIB1 before attempting to receive a paging message after being in an extended DRX cycle. 
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