3GPP TSG RAN WG2 Meeting #91bis                                                          R2-154294
Malmö, Sweden, 5th – 9th October 2015

Agenda item:

7.9.1
Source:


Intel Corporation
Title:

Email discussion report on [91#32][LTE/eDRX] eDRX and H-SFN range
Document for:

Discussion and decision
1 Introduction

This email discussion "[91#32][LTE/eDRX] eDRX and H-SFN range" aims to further progress on the specification work of extended DRX solution focusing on the areas described below. The discussion points of section 2.1 to 2.3 address those aspects based on the related proposals of the contributions [1] to [23] submitted to last RAN2#91 meeting In addition, section 2.4 captures other discussion points that, even though were not explicitly mentioned within the scope of this email discussion, it would be good to also discuss as they are related to the points discussed in sections 2.1 to 2.3. The discussion points in section 2.4 are based on the contributions [1] to [30] submitted to last RAN2#91 meeting.
-
Agree on an acceptable eDRX range and values for idle mode 

-
Agree on the range of H-SFN 

-
Discuss how to handle system information update

=>
Intended outcome: Email discussion report to next meeting

The deadline of this email discussion is Thursday, 2015-09-24, 23:59 Pacific Time. 
2 Discussion
The agreements of RAN2#90 in extended DRX are the following:
	Agreements:

· For idle mode, RAN2 agrees that the DRX should be extended past the current SFN limit of 10.24s.   From RAN2 point of view we see power consumption benefits of increasing the DRX cycle in order of minutes.   How many minutes it is FFS.  

· For connected mode, the DRX cycle can be extended up to 10.24sec.  FFS whether the DRX should be extended past 10.24s.  

· Respond to SA2 to capture the RAN2 agreements on idle mode and connected mode.  For connected mode, we will capture that RAN2 is still studying the impacts of extending past 10.24s and would like to ask SA2 input on CN impacts and acceptable ranges from SA2 point of view.  

For idle mode:

· FFS how the UE determines when to wake up (either using hyper SFN or timer based mechanisms).

· 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 the paging occasions determined using the legacy DRX formula for a certain time window.  FFS how the UE determines for how long to monitor for paging messages.  




In RAN#69 it was agreed that extended connected mode DRX cycle beyond 10.24 seconds is no longer pursued in REL-13 LTE extended DRX WI (RP-150799). The agreements of RAN2#91 in extended DRX are the following:
	Agreements

· To improve power saving gains, the UE should be able to re-synchronize over Uu with the RAN without sending uplink signalling (i.e. H-SFN or time clock broadcast information).

· H-SFN based paging will be adopted in the RAN  

· RAN2 has agreed that it would be desirable to minimize or avoid storing paging messages in eNB.  To avoid storing of paging message would require the MME to have some awareness of approximate time of when the UE will become reachable.  It is up to SA2 how this is achieved.

· For paging robustness purposes for mobile UEs, some lose H-SFN synchronization between cells may be required




2.1 Hyper-SFN (HSFN)

As it was captured in RAN2 LS to SA2 [31], "RAN2 agreed to define a hyper-SFN (H-SFN) in the RAN in order to enable Rel. 13 extended DRX in idle mode. The motivation is to provide the means for a UE to be able to re-synchronize over Uu with the RAN without sending uplink signalling and to improve power saving gains. The hyper-SFN (H-SFN) is broadcasted by the cell. Each H-SFN corresponds to one SFN cycle (i.e, 10.24s)"; however the details of how this H-SFN is defined in relation to legacy SFN was not explicitly discussed apart that one H-SFN corresponds to one legacy SFN cycle. Therefore section 2.1.1 suggest to clarify the H-SFN concept in order to align companies' view before discussing the maximum range of values that is discussed in section 2.1.2.
2.1.1 Clarification on H-SFN concept

Discussion point 1. What is the understanding of the H-SFN concept in relation to legacy SFN? Please choose the option aligned with your company's preference and, if possible, justify your response. 

Option a) An extension of legacy SFN range i.e. legacy SFN range is 1024 (10 bits) and H-SFN extends the SFN range, for example if 8 additional bits are considered, the new H-SFN range could be considered as increased to 262144 (=28*1024).
Option b) New frame structure on top of legacy SFN structure where each H-SFN value corresponds to a cycle of legacy SFN of 1024 frames.
Option c) Other concept of the H-SFN.

Table 1. Company's view on the Discussion point 1
	Company name
	Option
	Company comments

	Qualcomm
	· b
	· Option (b) is the most consistent with the agreement in RAN2 that is captured in the LS: Each H-SFN corresponds to one SFN cycle (i.e, 10.24s)

	Intel
	· b
	· It is a simple approach to be handled at UE and network side and also is more aligned to RAN2 agreement.

	Samsung
	· b
	· Support Option b)

	InterDigital
	· b
	· Same view as QCOM, 

	Sierra Wireless
	· b
	· Agree with Qualcomm

	Fujitsu
	· b
	· b) is aligning with “One H-SFN corresponds to one legacy SFN cycle”

	MediaTek
	· b
	· In addition to the consistency to RAN2 agreements, if the UE knows the hyper frame containing PF, it may switch to light-sleep mode when the hyper frame starts. This may help synchronization and paging

	Huawei, HiSilicon
	· b
	· It is consistent with the current agreement, and easy to be implemented without any impact to legacy UEs. 

	LGE


	· b
	· We agree with Qualcomm

	Ericsson
	· b
	· Most logical to introduce new structure on top of existing SFN

	Kyocera
	· b
	· We think (b) is the simplest interpretation of the agreement “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)”. 

	Nokia
	· b
	· b seems to be cleaner

	DCM
	· b
	· Same view as Qualcomm


2.1.2 Maximum value of H-SFN

Discussion point 2. What is the preferred maximum range for H-SFN cycle? Please choose the option aligned with your company's preference based on Table 2 or other options and, if possible, justify your response. Further stage-3 details on how this maximum range is enabled are suggested to be discussed in section 2.4.1.
Table 2. Possible maximum ranges maximum range for H-SFN cycle
	Option
	Number of bits assumed for H-SFN
	Maximum number of H-SFN in relation to…

	
	
	#SFN cycle
	#radio frame
	seconds
	minutes
	hours

	a
	1
	2
	2048
	20.48
	0.34
	0.01

	b
	2
	4
	4096
	40.96
	0.68
	0.01

	c
	3
	8
	8192
	81.92
	1.37
	0.02

	d
	4
	16
	16384
	163.84
	2.73
	0.05

	e
	5
	32
	32768
	327.68
	5.46
	0.09

	f
	6
	64
	65536
	655.36
	10.92
	0.18

	g
	7
	128
	131072
	1310.72
	21.85
	0.36

	h
	8
	256
	262144
	2621.44
	43.69
	0.73

	i
	9
	512
	524288
	5242.88
	87.38
	1.46

	j
	10
	1024
	1048576
	10485.76
	174.76
	2.91

	k
	11
	2048
	2097152
	20971.52
	349.53
	5.83

	l
	12
	4096
	4194304
	41943.04
	699.05
	11.65

	…
	…
	
	
	
	
	


Table 3. Company's view on the Discussion point 2
	Company name
	Option
	Company comments

	Qualcomm
	· j
	· The H-SFN range should be a multiple of the supported eDRX cycles. Considering a target value for eDRX of 43.69minutes (the closest value supporting up to 30min sleep cycle), an H-SFN range of 4*eDRX cycle is a reasonable choice. 

	Intel
	· j or k
	· In legacy LTE system, legacy maximum SFN is 10.24 sec. with a maximum DRX 2.56sec, which means that a UE will have at least 4 opportunities to be paged within a legacy SFN cycle. The maximum number of bits needed for the H-SFN could be calculated keeping the similar relation (i.e. the maximum I-eDRX cycle values, shown in the table below, guarantee at least 4 paging opportunities within a H-SFN cycle). Our preference was to discuss the extension of DRX cycle at least up to 5min., 30min. or 1h [R2-153291]; understanding that UE could correct the potential clock drift by reading the H-SFN, we propose to at least allow extending DRX at least up to 30min or 1h (which would require H-SFN of at least 10 or 11bits).

Option

H-SFN (bits)

Maximum I-eDRX cycle

Seconds

minutes

hours

a

1

5.12

0.09

0.00

b

2

10.24

0.17

0.00

c

3

20.48

0.34

0.01

d

4

40.96

0.68

0.01

e

5

81.92

1.37

0.02

f

6

163.84

2.73

0.05

g

7

327.68

5.46

0.09

h

8

655.36

10.92

0.18

i

9

1310.72

21.85

0.36

j

10

2621.44

43.69

0.73

k

11

5242.88

87.38

1.46

l

12

10485.76

174.76

2.91

· 

	Samsung
	· 
	· We are considering very long H-SFN range of a few days rather than a few minutes with the following reasons:
1) For Rel-13 NB-IoT, the extreme long DRX would be useful. We will also apply the existing power saving mechanisms such as PSM and eDRX still to Rel-13 NB-IoT. Then even PSM would not be sufficient for NB-IoT because the lifetime of NB-IoT device is a few years. Since the DRX-based approach never negotiate with MME even at every wake-up, DRX-based approach is beneficial for the extreme power saving purpose. We assume that the H-SFN of the extreme range can be easily reused to Rel-13 NB-IoT.
2) We can also make Rel-13 eDRX to provide better performance then Rel-12 PSM. There is no reason to restrict the performance of the eDRX even for the use cases of very long sleep time. One consideration is the signalling burden in System Information. However, it is really not critical, i.e. we just need to invest 5 ~ 6 bits in addition (see the table below).
eSFN bit
ms
second
minute
Hour
day
13
8388608
83886.08
1398.101
23.30169
0.970904
14
16777216
167772.2
2796.203
46.60338
1.941807
15
33554432
335544.3
5592.405
93.20676
3.883615
16
67108864
671088.6
11184.81
186.4135
7.76723
17
1.34E+08
1342177
22369.62
372.827
15.53446
18
2.68E+08
2684355
44739.24
745.654
31.06892
Accordingly, we suggest to have H-SFN range corresponding to the additional SFN bits of 17 or 18 bits.



	InterDigital
	· j, k or l
	· The choice of H-SFN range and I-eDRX cycle range should be future proof. Assuming a target max eDRX value of 174.76 minutes (supporting up to e.g. 2hrs and half sleep cycle), this will results in an H-SFN range of 4*eDRX i.e. 11.65h. Note: Assuming paging repetitions (as per legacy PF/PO) once UE wakes up, eDRX cycle and H-SFN range could potentially be set to the same value. For example, if option j is retained, both H-SFN range and eDRX cycle could be set to 174.76 minutes to allow the maximum possible UE sleep time for this H-SFN range.

	Sierra Wireless
	· j,k or l
	· Agree with Interdigital on future proofing beyond j which only needs 1 or 2 more bits.

	Fujitsu
	· j
	· Share with QC’s view

	MediaTek
	· j or > 12 bits
	· 10 bits may be enough for current applications
· However, paging cycle of around one day may be needed for some new applications. Then we need to have at least 13-bit H-SFN and maximum paging cycle of 23.3 hours.

	Huawei, HiSilicon
	· e
	· The current requirement for the DRX cycle extension is in order of minutes. Based on legacy principle, the range of H-SFN should be at least 4 times of eDRX cycle. Thus, 5 bits H-SFN, which corresponds to an eDRX range of approximately 1.37 minutes, are sufficient for the RAN2 requirement. But we are also open to other longer cycles. 

	LGE


	· h
	· We think the maximum as eDRX 43.69 min so h might be appropriate size.

	Ericsson
	· 
	· HFN range up to 43.69 min is minimum. 

	Kyocera
	· h~l
	· The eDRX cycle should support at least 30 minutes. So, at least (h) should be necessary. 
· For future proofing, (i)~(l) are also acceptable to be supported. 
· However, we don’t see the issue if H-SFN range is equal to the eDRX cycle range. 

	Nokia
	· h
	· based on simulation results from Rel-12 SI, the gain is saturated at around 40mins. We think it is not necessary to support 4 eDRX cycles in a H-SFN space. Based on the discussion from Rel-12, if extending DRX to 10.24s, there is no need to extend SFN as it can still support one cycle per SFN space.

	DCM
	· 
	· H-SFN range to support eDRX value of 43.69 minutes is baseline (i.e., 8 bits of H-SFN).
·  For eDRX value of more than 1 hour, first the relation with usage of PSM may need to be clarified (this can be achieve with PSM and adjusting periodic TAU).  

· If defining more bits for H-SFN cycle is for the sake of future proof (allowing in the future having higher value of eDRX cycle), then instead of covering the case of 2 hour eDRX cycle, probably we should cover 11 hour (half a day) eDRX use case. 


2.2 Extended DRX cycle in idle mode (I-eDRX)
2.2.1 Maximum value of I-eDRX cycle

Discussion point 3. Based on the maximum range of the H-SFN, what is the preferred maximum range for I-eDRX cycle? Please choose the option aligned with your company's preference and justify your response. 
Option a) 30 minutes.
Option b) 1 hour.
Option c) 1.5 hours (87.4 minutes).

Option d) 2.9 hours (174.8 minutes).

Option e) 5.8 hours (349.5 minutes).

Option f) 11.7 hours (699 minutes).

Option g) Other maximum value of I-eDRX cycle.
Table 4. Company's view on the Discussion point 3
	Company name
	Option
	Company comments

	Qualcomm
	· g
	· The eDRX cycle should be divisible by the H-SFN range. At least 43.69 min maximum range should be supported (see response to discussion point #2).

	Intel
	· g
	· Based on the description added in Intel's comment in discussion point 2 (i.e. TI-eDRXmax = H-SFNmax / 4), our preference is 43.69 and 87.38minutes.

	Samsung
	· g
	· a few days.

	InterDigital
	· g
	· At least 43.49 min should be supported and in order to be future proof and significantly extend UE battery life, bigger range value such as 174.76 minutes i.e. 2.91h and even bigger value range should be considered. 

	Sierra Wireless
	· g
	· Agree with Interdigital

	Fujitsu
	· g
	· Share with QC’s view

	MediaTek
	· g
	· At least 43.49 min should be supported. If more H-SFN bits are allowed, bigger value range is useful for future applications.

	Huawei, HiSilicon
	· g
	· Based on the H-SFN range, our preference is 1.37 minutes. We are also open to other longer cycles.

	LGE
	· g
	· We agree with QC’s idea

	Ericsson
	· 
	· Same as max HFN 

	Kyocera
	· g
	· The eDRX cycle should support at least 30 minutes. In this sense, Qualcomm’s suggestion, i.e., (g) with 43.69 minutes, is fine. 

	Nokia 
	· g
	· 8 bits H-SFN length corresponding to 43.69 min

	DCM
	· 
	· At least 43.69 minutes of eDRX should be supported.
· Similar to point 2, for eDRX cycle of more than 1 hour, the relation with PSM needs to be clarified. (assuming that UE in eDRX of >1hour will need wake up for periodic TAU?) 


2.2.2 Value range of I-eDRX cycle

Discussion point 4. Which are the preferred values for I-eDRX cycle? Please choose the option aligned with your company's preference and justify your response and indicate the list of preferred values. 

Option a) Numbers that are a power of two, 2n, such as, 5.12, 10.24, 20.48, 40.96, 81.92, 163.84, 327.68, 655.36 and 1310.72 seconds. 
Option b) Numbers more frequent than in option a), at least up to 10.24 sec., such as, 3, 4.096, 5.12, 6, 7, 8.192, 9 and 10.240 seconds.

Option c) Other values of I-eDRX cycle.
Table 5. Company's view on the Discussion point 4
	Company name
	Option
	Company comments

	Qualcomm
	· a
	· Ensures divisibility by the H-SFN range

	Intel
	· a
	· Option a) adding the required values up to the maximum DRX cycle suggested in the discussion point 2. In addition, new values in between could be further discussed by RAN2 if SA2 requests it.

	Samsung
	· c
	· Follow option a) within the specific range, and additionally include very long values, e.g 1 day, 2 days .. 15 days.

	Sierra Wireless
	· a
	· Agree with Interdigital

	InterDigital
	· a
	· The DRX cycles should be cyclic with respect to H-SFN cycle.  The Legacy I-DRX cycles are a power of 2 (radio frames) and fulfill this condition. We should align with this.  

	Fujitsu
	· a
	· 

	Huawei, HiSilicon
	· a
	· Option a) is more aligning with the legacy design.

	LGE
	· a
	· 

	MediaTek
	· a
	· Similar to current I-DRX cycles, I-eDRX cycles shall be multiples of radio frames (10 ms). Also H-SFN range shall be divisible by I-eDRX cycles.

	Ericsson
	· a
	· 

	Kyocera
	· a
	· Multiple of one H-SFN (= 10.24 seconds) is preferable. 

	Nokia
	· a
	· no finer granularity needed

	DCM
	· a
	· 


2.3 Handling of the system information update

A UE may miss system information update indication conveyed in paging message while in I-eDRX, understanding that the I-eDRX range is above maximum legacy SFN value range and legacy BCCH modification period. Therefore, it needs to be discussed how system information update should be handled for the common SIBs (i.e. common for all SIBs other than MIB, SIB1 and ETWS/CMAS/EAB SIBs) and for the non-common SIBs (i.e. ETWS, CMAS, EAB SIBs). In this context one aspect to also consider here is that legacy SI validity time is 3hours.
2.3.1 SI notification update for common SIBs
Discussion point 5. How to handle the loss of legacy systemInfoModification notification through paging when a UE is in I-eDRX cycle? Please choose the option or options aligned with your company's preference and justify your response. 

Option a) If it is applicable, UE checks the systemInfoValueTag in SIB1 just before it has to become reachable within I-eDRX cycle; details explained below:
- Case 1) If the I-eDRX is shorter than the BCCH modification period, the UE behaves as legacy, i.e. it follows SI change notification for common SIBs through paging.

- Case 2) If the I-eDRX is longer than the BCCH modification period, the UE checks the systemInfoValueTag in SIB1 just before becoming reachable in its paging opportunity (referring to the time window when this UE may be paged in its specific PO/PF). This case implies that the UE can ignore the systemInfoModification notifications conveyed in paging message while in I-eDRX. 
Option b) UE checks the systemInfoValueTag in SIB1 once per I-eDRX cycle. This option implies that the UE can ignore the systemInfoModification notifications conveyed in paging message while in I-eDRX. 
Option c) UE behaves as legacy i.e. it follows SI change notification for common SIBs through paging.

Option d) Other preference on how the SI change notification is handled for common SIBs when a UE is in I-eDRX.
Table 6. Company's view on the Discussion point 5
	Company name
	Option
	Company comments

	Qualcomm
	· c
	· SI change notification through paging should be supported. We should avoid imposing additional requirements on SIB1 acquisition for eDRX UEs, as it impacts the UE’s power consumption. Furthermore, paging notification is anyway needed for change of ETWS/CMAS/EAB SIBs. One point that needs to be further discussed is when the UE starts acquiring the new SI upon paging notification.

	Intel
	· a
	· Legacy behaviour needs to be updated in order to address cases in which broadcast information is changed while UE is in I-eDRX sleep. Option a) has some impact while clearly defining the expected UE behaviour. Alternatively, option d) could be further discussed e.g. if new kind of systemInfoModification is defined for the network to address UEs in I-eDRX longer than the BCCH modification period.

	Samsung
	· a
	· Fully support the details

	InterDigital
	· d
	· Forcing I-eDRX UE to read SIB1 everytime as in Option b) indiscriminately for all UE will defeat the purpose of using eDRX to save power, particularly for UEs with not so long eDRX cycles. Simply avoiding this for those UEs with eDRX<modificationPeriod is also not sufficient, because either a large modificationPeriod configuration is required which delays the SIB update or most eDRX UEs still fall into the category that needs to read SIB1 everytime. Similarly, legacy procedure as in option c) is not practical as it will leads to UE missing SI update notification which will cause several problems (e.g. UE unreachable) and force to UE to eventually reacquire SIB1. 
· The targeted eDRX ranges and therefore UEs in eDRX falls into 3 categories:
· I-eDRX is shorter than the BCCH modification period => the UE behaves as legacy
· I-eDRX is longer than the BCCH modification period and also very long to warrant reading SIB1 at every exit from I-eDRX cycle  => the UE checks the systemInfoValueTag in SIB1 just before becoming reachable in its paging opportunity (referring to the time window when this UE may be paged in its specific PO/PF). For those UEs with very long eDRX cycle they can be configured via NAS to read SIB1 at every wake-up.
· I-eDRX is longer than the BCCH modification period but not long enough to warrant reading SIB1 at every exits from I-eDRX cycle. RAN2 may look into alternative solutions on best way to handles this case. 

	Sierra Wireless
	· d
	- Prefer no regular reading of SIB1 or reading before each PO just to see if the systemInfoValueTag indicates a change. Main concern is power used to read the SIB.

- Agree with Intel on the problem of the UE becoming unreachable by paging because of a SIB change affecting PO occurring while it is in I-eDRX sleep.

- FFS Need a new low power mechanism for indicating a change. 

e.g. This could be achieved by paging on the old PO after a change to tell UE to update SIBs. Individual paging is not ideal if many need to be informed.

	Fujitsu
	· c
	· In the eMTC WI, it has already been agreed that 
1) Both value tag and Notification/Paging mechanisms are supported for system information change for LC UEs and UEs in EC.

2) As part of the ongoing work, RAN2 should consider limiting the shorter DRX cycles and supporting extended DRX in combination with EC operation
· From these agreements, we think that the paging mechanism for SI change notification should also be supported for eDRX

	MediaTek
	· c?
	· We prefer to keep legacy behavior if possible. However, further study may be needed for I-eDRX longer than the BCCH modification period. In this case, a UE may not have valid system information if it misses the SI change notification.

	Huawei, HiSilicon
	· a
	· UEs supporting eDRX require to read valueTag every time before waking up if the eDRX cycle is longer than the current modification period, otherwise the UE cannot have valid SI since there is a high probability that SI update indication is missed. 
· If eDRX cycle is shorter than the current modification period, the legacy mechanism can be reused.

	LGE
	· a
	· A UE configured with eDRX can sleep longer time than a legacy UE beyond 10.24s. The length of the extended paging DRX cycle can be longer than the length of the BCCH modification period. Hence, the UE may not recognize that system information is updated at a cell while sleeping in eDRX. Option c would not work appropriately in eDRX. As a result, when the UE wakes up from eDRX, it needs to check whether system information changes or not. The value tag in SIB1 can be used for this purpose. Namely, when the UE wakes up from eDRX, it should check the value tag in SIB1 and, if necessary, receive updated system information before reading paging.

	Ericsson
	· d
	· Another alternative for discussion could be that
· E-DRX UE reads SIB1 and verifies systemInfoValueTag prior to access, . AND

· SI change notification through paging should be supported.

If eDRX UE reads SIB1 before access, then it reacts quickly to the SIB changes that are critical for the UE to be reachable and access the network, and not having to page all eDRX UEs for notification.  
Then, SI change notification via paging would be used for seldom cases where each individual UE needs to be aware of the change to even stay camped in the cell . The information subject for this notification would be (up to eNB impl) : 

· Cell is barred

· Paging configuration is changed

· More?

 

	Kyocera
	· a, b
	· Seems (c) is optimal for UE power consumption, if the UE is only paged at every I-eDRX cycle. We think, however, the power saving gain is brought adequately from very long DRX cycle, i.e., minutes order. So, either (a) or (b) is preferred as sub-optimal but simpler solution. 

	Nokia
	· d
	· Paging notification would not be useable with long eDRX and legacy modification period. Value tag might wrap around with very long eDRX cycle length and short modification period, thus checking value tag would not be enough. Even adding some bits to value tag (beyond 5bits) does not guarantee the wrap-around with longest eDRX values. Adding too many bits for value tag just to be able cope with the extreme eDRX cases does not sound reasonable. It seems better to change the UE procedure rather than trying to extend the value tag range. With current valueTag values, the UE need to read all SIBs if eDRX cycle > 32 (valueTag space) * modification period. If UE power consumption is concerned, some indication about whether value tag wrap around occurred in an eDRX cycle could be considered. 

	DCM
	· c +
	· Existing paging notification for SIB change should be supported as baseline. Wrt. the relation with Value Tag checking, IeDRX UE can be made to behave such that even though the UE wakes up far later than the actual SIB change, independent to what the Value Tag value is, the UE shall acquire the SIB if it receives paging with SIB change notification. 


2.3.2 SI notification update for non-common SIBs
Discussion point 6. How to handle the loss of legacy ETWS, CMAS and EAB notification through paging when a UE is in I-eDRX cycle? Please choose the option or options aligned with your company's preference and justify your response. 

Option a) The UE applies legacy behavior, i.e. it only follows the respective notification by paging.
Option b) Other preference on how the SI change notification is handled for non-common SIBs when a UE is in I-eDRX.
Table 7. Company's view on the Discussion point 6
	Company name
	Option
	Company comments

	Qualcomm 
	· a
	· We see no reason to change the current behavior of following the respective notification.

	Intel
	· a
	· We do not think that special handling needs to be defined for this notification understanding that UE only needs to receive the related SIBs after receiving the notification through paging indication.

	Samsung
	· a
	· We assume no enhancement.

	InterDigital
	· a
	· Agree with QCOM and Intel

	Sierra Wireless
	· a
	· Agree with Intel

	Fujitsu
	· 
	· We understand the issue needing to be solved here is how to handle the loss of paging message for the legacy ETWS, CMAS and EAB notification when a UE is in I-eDRX. However, we don’t think option a) can address this issue successfully.
· For ETWS and CMAS, we think the ETWS/CMAS capable UE shouldn’t be configured with eDRX.
· For EAB, in case of MT, the UE can follow the respective notification by paging; In case of MO, the UE can re-acquire the SIB 14 before initiating the RRC connection establishment

	MediaTek
	· a
	· We think legacy behavior works properly here.

	Huawei, HiSilicon
	· b
	· Partly agree with Fujitsu. We also don’t think the legacy behavior can handle the loss of legacy ETWS, CMAS and EAB notification through paging.
· For ETWS and CMAS, legacy behavior with I-eDRX can not satisfy the reception latency requirement. Generally, if the UE wants to receive ETWS and CMAS, it shouldn’t be configured with eDRX. Thus, there is no need to optimize this case.
· For EAB, it should be supported by MTC. In case of MO, it is FFS. 
Alt1: In order to get timely EAB notification, EAB notification should be transmitted in every paging opportunity during eDRX cycle.

· Alt2: UE should acquire SIB14 every time before RRC establishment.

	LGE
	· a+
	·  Generally, we are skeptical about UE configured with eDRX supporting ETWS and CMAS.

· Considering that EAB is mainly used for MTC use case, a UE configured for eDRX could be likely EAB capable. We think that a UE configured for eDRX can handle eab-ParamModification like systemInfoModification. A UE performing eDRX should be allowed to ignore eab-ParamModification in paging, unless the UE performs RRC Connection Establishment sooner or later e.g. due to MT call (when a paging message addresses its UE identity) or MO call.
· 

	Ericsson
	· a
	· For EAB, E-DRX UE could read SIB14 (if sent) prior to access.

	Kyocera
	· a
	· Especially for ETWS/CMAS, it’s possibly too late to obtain the information after wake-up from very long DRX for some cases. So, we think the legacy behavior is preferable (i.e., not entering eDRX as Fujitsu pointed out) 

	Nokia 
	· a
	· The UE might miss some notifications when sleeping but no optimization needed. Otherwise if the delay requirement for ETWS/CMAS cannot be met, the UEs configured eDRX do not need to support ETWS/CMAS.

	DCM
	· a +
	· For ETWS, CMAS, we agree with Fujitsu & Nokia that UE that required to receive ETWS/CMAS should not be configured with IeDRX
· For EAB, additional behavior such that the UE should acquire EAB SIB before MO transmission seems like a good direction.


2.4 Other aspects

2.4.1 Stage-3 specification details of H-SFN

Discussion point 7. Section 2.1 discusses the clarification details of the H-SFN concept and its preferred maximum range. This discussion point focuses on how the H-SFN might be indicated by the network and/or through specification (for example, legacy SFN value range is 10 bits, but only 8 bits are sent in MIB). Therefore, considering your response in the Discussion point 2 above, in which system information (MIB/SIB(s)) should the H-SFN information be accommodated and how many bits should be defined for it? If possible, please justify your response. 

Table 8. Company's view on the Discussion point 7
	Company name
	Company comments

	Qualcomm
	· H-SFN information can be signaled in SIB1, since the number of available bits in MIB is limited. 

	Intel
	· Understanding that MIB only has 10bits spare and that when I-eDRX cycle is above the BCCH modification period, we propose to read SIB1 before checking PO/PF (as per option a) in discussion point 5), we think that H-SFN could be broadcast in SIB1 or at least split between SIB1 and MIB in order not to use all the spares bits available in MIB.

	Samsung
	· At least, it is not delivered over MIB. We assume either the existing SIB or new SIB.

	InterDigital
	· Considering the possible clock-drift, there is need for eDRX UE to align the H-SFN number with the NW each time it wakes up so from this point of view it’s best to put the H-SFN bit(s) in the MIB otherwise the UE has to re-acquire SIB1 everytime. For UEs using SIB update solutions that doesn’t rely on re-acquiring SIB1 at every exit from DRX cycle (e.g. paging opportunity in UE specific PF/PO), H-SFN has to be derived from the MIB.  But the MIB can’t accommodate all the H-SFN bits. Part of the H-SFN bits in MIB will be desirable.
· The least significant bit(s) (e.g. 1 bit) of the H-SFN bit can be inserted into the MIB while the remaining of the H-SFN bits can be signaled in SIB1. For e.g. 1 H-SFN bit is enough to signal 2 legacy SFN cycle and to cover a potential clock-drift of 2048 radio subframes i.e. 20.48secs. , the UE can align its SFN cycle with the NW by simply reading the part of H-SFN bit(s) in MIB without reading the whole H-SFN number.

	Sierra Wireless
	· Have a preference for just 1-2 LSBs of the H-SFN in MIB and the other MSBs in SIB1. 

MIB bits make it possible to allow for looser adjacent cell timing synchronism without a need to read SIBs. Will submit a tdoc. describing this. 

	Fujitsu
	· Since the H-SFN information is not essential for the receiving of SIB, it is not necessary to include it in MIB. We prefer to accommodate the H-SFN information in SIB 1.

	MediaTek
	· H-SFN should be accommodated in SIB; don’t use the spare bits in MIB.

	Huawei, HiSilicon
	· Spare bits in MIB are precious and limited. H-SFN should be broadcasted in SIB1 by defining new IE.

	LGE
	· H-SFN information can be signaled in SIB1, since the number of available bits in MIB is limited. H-SFN does not change in one SFN cycle so it seems that H-SFN does not need to broadcast frequently. Using SIB1 for HSFN broadcasting at every 80ms can be wasting of radio resource. With this respect, efficient ways of transmitting HSFN using SIB1 might be considered.

	Ericsson
	· We also expect a SIB1 solution, but some bit in MIB could be further considered. Other aspect to keep in mind is that UE in CE need to accumulate SIB1bis transmissions. H-SFN counter in SIB1bis will impact such accumulation.

	Kyocera
	· We agree with Qualcomm, i.e., SIB1. Since we prefer to check the systemInfoValueTag in the discussion point 5, it’s not additional burden to decode SIB1 to acquire H-SFN. 

	Nokia 
	· SIB1, would consume too many bits if in MIB and it is more power efficient than SIB2

	DCM
	· SIB1 solution seems reasonable.


2.4.2 Stage-3 specification details of I-eDRX cycle

Discussion point 8. Referring to the SA2 endorsed CRs [32]-[36] the MME directs the UE when to use I-eDRX cycle and also provides its corresponding length; hence, does RAN also need to broadcast any I-eDRX related information within the system information (e.g. default eNB specific I-eDRX cycle or maximum eNB specific I-eDRX or I-eDRX support)? If the answer is yes, please justify your response and indicate what/how the eNB would convey it.
Table 9. Company's view on the Discussion point 8
	Company name
	Company comments

	Qualcomm 
	· No for default eNB specific I-eDRX; if the eNB uses different eDRX parameters than the MME, there would be a mismatch at the MME regarding when the UE is expected to be reachable.
· FFS for other parameters (e.g related to paging repetition window provided by the eNB)

	Intel
	· eNB needs to indicate the support of I-eDRX, although this could be done implicitly e.g. if H-SFN is broadcasted.

	Samsung
	· We currently assume a similar procedure with the legacy on the DRX determination. Therefore, similar to the legacy, eNB broadcasts default eNB specific eDRX value as well. 

	InterDigital
	· Same view  as QCOM.

	Sierra Wireless
	· The presence of H-SFN can be an implicit indication of support. Agree with Qualcomm on FFS for indicating other I-eDRX parameters.

	Fujitsu
	· No. The UE, eNB and MME can coordinate the extended DRX value very well according to the SA2 agreed procedure. In that procedure, no I-eDRX cycle information (default eNB specific I-eDRX cycle or maximum eNB specific I-eDRX or I-eDRX support) is needed in the system information.

	MediaTek
	· We should not define eNB specific I-eDRX cycle; just apply the UE-specific value.
· UE needs to know the I-eDRX support of eNB.

	Huawei, HiSilicon
	· No. H-SFN can be an implicit indication for the support of I-eDRX. There is no need to broadcast related information in SI.

	LGE
	· We agree with QCOM.

	Ericsson
	· No, eNB need not broadcast any default idle mode e-DRX cycle length

· 

	Kyocera
	· The “I-eDRX support” may be useful, since if the UE wakes up in the cell not supporting I-eDRX then the UE may need to fall back to legacy DRX, unless the NW has some sort of compliment mechanism. 
· Although it’s not specific to eDRX, the existing default paging cycle may be applied in eDRX to determine legacy PF/PO based on the agreement “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)”.

	Nokia
	· eNB needs to broadcast at least whether it supports eDRX which could be implicitly known by broadcasting of H-SFN. We do not see the need to have different level of I-eDRX length support capability at the eNB side as the buffering would be mainly in the MME, no difference how long the cycle is.

	DCM
	· eDRX support indication from network (e.g., in the form of HSFN broadcast) is necessary.
· The behavior of UE when moving from eDRX supporting eNB to non-eDRX supporting eNB as pointed out by Kyocera should be clarified.


2.4.3 Value range of C-eDRX cycle

Discussion point 9. SA2 and RAN2 agreed to only support the extension of DRX cycle in connected mode up to 10.24sec. Which are the preferred values for C-eDRX cycle then? Please choose the option aligned with your company's preference and, if possible, justify your response and indicate the list of preferred values. 

Option a) Apply same values as defined for I-eDRX cycle (i.e. up to 10.24sec). 
Option b) Other values of C-eDRX cycle.
Table 10. Company's view on the Discussion point 9
	Company name
	Option
	Company comments

	Qualcomm
	· a
	· Same values as I-eDRX seems reasonable.

	Intel
	· a
	· We prefer to support same range of values in C-eDRX and I-eDRX.

	Samsung
	· a
	· 

	InterDigital
	· 
	· Save view as QCOM.

	Sierra Wireless
	· a
	· 

	Fujitsu
	· a
	· 

	MediaTek
	· a
	· 

	Huawei, HiSilicon
	· a
	· Same values are OK.

	LGE
	· a
	· 

	Ericsson
	· a
	· 

	Kyocera
	· a
	· It’s simple to align with I-eDRX cycle. 

	Nokia
	· a
	· i.e. with values of 5.12s and 10.24s

	DCM
	· a
	· 


2.4.4 Stage-3 specification details of C-eDRX cycle

Discussion point 10. How should the C-eDRX cycle be used in relation to legacy DRX cycles (i.e. short and long)? Please choose the option or options aligned with your company's preference and, if possible, justify your response and indicate the list of preferred values. 

Option a) MAC CE is used to indicate the direct transition to C-eDRX. 

Option b) C-eDRX is defined as extension of legacy long DRX cycle i.e. legacy inactivity timer is used to indicate the direct transition to C-eDRX or, if configured, from short DRX cycle.

Option c) C-eDRX is used after long DRX cycle i.e. after being in long DRX cycle for certain known time, the transition to C-eDRX cycle is triggered.

Option d) C-eDRX is used by a UE in connected mode after certain time without any data activity i.e. a timer similar to the legacy DRX inactivity timer is used to trigger the transmission of a connected mode UE directly to C-eDRX.
Option e) Other mechanism to enter into C-eDRX.
Table 11. Company's view on the Discussion point 10
	Company name
	Option
	Company comments

	Qualcomm
	· a, d
	· We prefer that C-eDRX is defined as a separate state from short/long legacy DRX. This enables C-eDRX to be future-proof in the sense that that larger values for C-eDRX can be introduced in future releases without having to define a new DRX state. Both MAC CE and inactivity timer mechanisms can be supported for C-eDRX, as in legacy DRX. 

	Intel
	· a, d
	· Option a) looks ok to be supported
· Option d), considering that UE is configured to use C-eDRX or legacy short/long DRX; e.g. new inactivity timer for C-eDRX might be defined to triggered when to enter in C-eDRX. 

· FFS if option b) or c) is required based on the use cases.

	Samsung
	· b
	· Since the purpose of the current long DRX and the extened DRX is same, i.e. to improve the efficiency of power saving, we would like to keep the current two-level mechanism of CONN DRX operation for simplicity.

	InterDigital
	· b)
	· We see no reason to do anything different than what is suggested in option b).

	Sierra Wireless
	· b
	· A simple solution. a) and d) are also acceptable to provide more flexible options.

	Fujitsu
	· b)
	· To define the C-eDRX as extension of legacy long DRX cycle is simple. We don’t see any real benefit to define a new DRX state since configuring at most two DRX values (one is for short DRX value and one is for long or extended DRX value)for a UE is enough.

	MediaTek
	· b
	· 3-level C-DRX is not needed since C-eDRX is only up to 10.24 sec.
· We already have short DRX to deal with bursty traffic.
· Also, the MME needs not to know that the UE is in C-eDRX mode.

	Huawei, HiSilicon
	· b)
	· We prefer to consider extended DRX cycle as an extension of the current long DRX cycle, so that extended DRX is similar to the legacy long DRX. We just need to update the configuration of DRX cycle by adding the extended DRX cycle values. The legacy command and procedure for DRX state transition can be reused.

	LGE
	· b
	· 

	Ericsson
	· b
	· 

	Kyocera
	· a, c
(d is also fine)
	· (a) should be supported to gather relatively dynamic power saving opportunities. 
· (c) seems to be align with the current short/long DRX transition and useful for some traffic behaviors. (d) is understood as the mechanism to have benefits from both (a) and (d) if the details are defined to allow it. 

	Nokia Networks
	· a, b 
	· a, b are both available already in legacy DRX if we consider C-eDRX as extension of current long DRX

	DCM
	· a +
	· a should be supported
· the difference between b and d is not quite clear, but we are fine to adopt any of b,c,d after further clarification. 


3 Email discussion result
The following 14 companies shared their views on this email discussion:  Qualcomm, Samsung, Interdigital, Fujitsu, MediaTek, Sierra Wireless, Huawei, HiSilicon, Ericsson, Kyocera, Nokia Networks, LGE, DOCOMO and Intel.
Section 3.1 includes a summary of companies' views provided for each discussion point in section 2 and based on this summary, recommendations are made.
3.1 Summary and Recommendation
3.1.1 Discussion point 1
What is the understanding of the H-SFN concept in relation to legacy SFN? All 14 companies preferred option b) new frame structure on top of legacy SFN structure where each H-SFN value corresponds to a cycle of legacy SFN of 1024 frames.
Recommendation 1 To define the H-SFN as new frame structure on top of legacy SFN structure where each H-SFN value corresponds to a cycle of legacy SFN of 1024 frames.
3.1.2 Discussion point 2
What is the preferred maximum range for H-SFN cycle? Companies' support is shown in Table 12 below, understanding that some companies provided more than one value as preference.
Table 12. Companies' view on possible maximum ranges maximum range for H-SFN cycle
	Option
	Number of bits assumed for H-SFN
	Maximum number of H-SFN in relation to…
	# Companies

	
	
	#SFN cycle
	#radio frame
	seconds
	minutes
	hours
	

	a
	1
	2
	2048
	20.48
	0.34
	0.01
	0

	b
	2
	4
	4096
	40.96
	0.68
	0.01
	0

	c
	3
	8
	8192
	81.92
	1.37
	0.02
	0

	d
	4
	16
	16384
	163.84
	2.73
	0.05
	0

	e
	5
	32
	32768
	327.68
	5.46
	0.09
	1

	f
	6
	64
	65536
	655.36
	10.92
	0.18
	0

	g
	7
	128
	131072
	1310.72
	21.85
	0.36
	0

	h
	8
	256
	262144
	2621.44
	43.69
	0.73
	4

	i
	9
	512
	524288
	5242.88
	87.38
	1.46
	2

	j
	10
	1024
	1048576
	10485.76
	174.76
	2.91
	8

	k
	11
	2048
	2097152
	20971.52
	349.53
	5.83
	6

	l
	12
	4096
	4194304
	41943.04
	699.05
	11.65
	5

	longer
	>12
	
	
	1342177
	22369.62
	372.827
	2

	longer
	17
	
	
	2684355
	44739.24
	745.654
	1

	longer
	18
	
	
	1342177
	22369.62
	372.827
	1


Recommendation 2 To discuss and define a H-SFN cycle between 10-12bits, i.e. maximum H-SFN range of 1024 SFN cycles (which corresponds from 2.91 hours, to 11.65 hours).
3.1.3 Discussion point 3
What is the preferred maximum range for I-eDRX cycle? Companies' position is 1 for 1.37minutes, 9 for 43.69min (because TI-eDRXmax = H-SFNmax/4 or it is same as their suggested H-SFNmax), 3 for 174.76 minutes (i.e. 2.91h) or even larger, 1 for few days and 2 for having it the same range as the H-SFNmax.
Recommendation 3 To define the maximum I-eDRX cycle of at least 43.69min (which is TI-eDRXmax = H-SFNmax/4 for H-SFNmax of 174.76min) and to discuss if maximum I-eDRX cycle is further extended to the same range than the maximum H-SFN (H-SFNmax).
3.1.4 Discussion point 4
Which are the preferred values for I-eDRX cycle? All companies prefer option a), "Numbers that are a power of two, 2n, such as, 5.12, 10.24, 20.48, 40.96, 81.92, 163.84, 327.68, 655.36 and 1310.72 seconds.", understanding that the I-eDRX cycles shall be multiples of radio frames (10 ms) and the H-SFN range shall be divisible by I-eDRX cycles, however one company also wants to include additional very long values such as 1, 2, 15 days.
Recommendation 4 To define the range of value of I-eDRX cycle as numbers that are a power of two (2n).
3.1.5 Discussion point 5
How to handle the loss of legacy systemInfoModification notification through paging when a UE is in I-eDRX cycle? Companies' views were 5 for option a), 1 for option b), 4 for option c) and 4 for option d) proposing their own alternative option.
Recommendation 5 To further discuss how to handle the loss of legacy systemInfoModification notification through paging when a UE is in I-eDRX cycle:
Option a) If it is applicable, UE checks the systemInfoValueTag in SIB1 just before it has to become reachable within I-eDRX cycle; details explained below:

Case 1) If the I-eDRX is shorter than the BCCH modification period, the UE behaves as legacy, i.e. it follows SI change notification for common SIBs through paging.

Case 2) If the I-eDRX is longer than the BCCH modification period, the UE checks the systemInfoValueTag in SIB1 just before becoming reachable in its paging opportunity (referring to the time window when this UE may be paged in its specific PO/PF). This case implies that the UE can ignore the systemInfoModification notifications conveyed in paging message while in I-eDRX. 
Option c) UE behaves as legacy i.e. it follows SI change notification for common SIBs through paging.

3.1.6 Discussion point 6
How to handle the loss of legacy ETWS, CMAS and EAB notification through paging when a UE is in I-eDRX cycle? 11 companies support option a) " The UE applies legacy behavior, i.e. it only follows the respective notification by paging"; however 5 of them and 2 more raised concerns on using ETWS and CMAS with I-eDRX (as the reception latency requirements cannot be met) and also suggest alternatives for EAB case, such as, reading SIB14 prior access.
Recommendation 6 To agree that CMAS and ETWS is not used if I-eDRX is used and, for EAB, if the UE supports SIB14, when in I-eDRX, it acquires SIB14 before establishing the RRC connection.
3.1.7 Discussion point 7
How might the H-SFN be indicated by the network and/or through specification? 10 companies prefer using SIB1 and 4 ones a combination of MIB and SIB1 (with only 1 or 2 least significant bits included in MIB).
Recommendation 7 To specify MSB of H-SFN in SIB1 and discuss if 1 or 2 of the LSBs are sent in MIB.
3.1.8 Discussion point 8
Does RAN also need to broadcast any I-eDRX related information within the system information (e.g. default eNB specific I-eDRX cycle or maximum eNB specific I-eDRX or I-eDRX support)? Companies shared their view on the following aspects:
· 4 companies support that the eNB implicitly indicates the support of I-eDRX (i.e. H-SFN)
· 9 companies support not to define a default I-eDRX in the eNB level and only one had different view on this regard.

· 3 companies suggest FFS the paging repetition window indication is provided by the eNB.

Recommendation 8 Not to define a default I-eDRX cycle value per eNB; to support implicit I-eDRX support indication thought the inclusion of H-SFN; FFS if paging repetition window indication is provided by the eNB.
3.1.9 Discussion point 9
Which are the preferred values for C-eDRX cycle then? Apply same values as defined for I-eDRX cycle (i.e. up to 10.24sec).
Recommendation 9 To define C-eDRX cycle values the same as the ones defined for the I-eDRX cycle (i.e. up to 10.24sec).
3.1.10 Discussion point 10
How should the C-eDRX cycle be used in relation to legacy DRX cycles (i.e. short and long)? Companies' view is 5 for option a), 10 for option b), 2 for option c) and 4 for option d)
Recommendation 10 To define C-eDRX is defined as extension of legacy long DRX cycle i.e. legacy inactivity timer is used to indicate the direct transition to C-eDRX or, if configured, from short DRX cycle.
4 Conclusion and proposal
Based on the recommendations as described in section 3.1 the following proposals are made:

Proposal 1 To define the H-SFN as new frame structure on top of legacy SFN structure where each H-SFN value corresponds to a cycle of legacy SFN of 1024 frames.
Proposal 2 To discuss and define a H-SFN cycle between 10-12bits, i.e. maximum H-SFN range of 1024 SFN cycles (which corresponds from 2.91 hours, to 11.65 hours).
Proposal 3 To define the maximum I-eDRX cycle of at least 43.69min (which is TI-eDRXmax = H-SFNmax/4 for H-SFNmax of 174.76min) and to discuss if maximum I-eDRX cycle is further extended to the same range than the maximum H-SFN (H-SFNmax).
Proposal 4 To define the range of value of I-eDRX cycle as numbers that are a power of two (2n).
Proposal 5 To further discuss how to handle the loss of legacy systemInfoModification notification through paging when a UE is in I-eDRX cycle:

Option a) If it is applicable, UE checks the systemInfoValueTag in SIB1 just before it has to become reachable within I-eDRX cycle; details explained below:

Case 1) If the I-eDRX is shorter than the BCCH modification period, the UE behaves as legacy, i.e. it follows SI change notification for common SIBs through paging.

Case 2) If the I-eDRX is longer than the BCCH modification period, the UE checks the systemInfoValueTag in SIB1 just before becoming reachable in its paging opportunity (referring to the time window when this UE may be paged in its specific PO/PF). This case implies that the UE can ignore the systemInfoModification notifications conveyed in paging message while in I-eDRX. 
Option c) UE behaves as legacy i.e. it follows SI change notification for common SIBs through paging.
Proposal 6 To agree that CMAS and ETWS is not used if I-eDRX is used and, for EAB, if the UE supports SIB14, when in I-eDRX, it acquires SIB14 before establishing the RRC connection.
Proposal 7 To specify MSB of H-SFN in SIB1 and discuss if 1 or 2 of the LSBs are sent in MIB.
Proposal 8 Not to define a default I-eDRX cycle value per eNB; to support implicit I-eDRX support indication thought the inclusion of H-SFN; FFS if paging repetition window indication is provided by the eNB.
Proposal 9 To define C-eDRX cycle values the same as the ones for the I-eDRX cycle (up to 10.24sec).
Proposal 10 To define C-eDRX is defined as extension of legacy long DRX cycle i.e. legacy inactivity timer is used to indicate the direct transition to C-eDRX or, if configured, from short DRX cycle.
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