3GPP TSG-RAN WG2 Meeting #92
R2- 156817
Anaheim, USA, November 16-20, 2015
Agenda item:
7.9.1
Source: 
Qualcomm Incorporated 
Title: 
Email discussion report on [91bis#30][LTE/eDRX] eDRX aspects
Document for:
Discussion and Decision
1. Introduction

This document summarizes the email discussion “[91bis#30][LTE/eDRX] eDRX aspects” following the RAN2 #91bis meeting. The scope of the email discussion is the following:
[91bis#30][LTE/eDRX] eDRX aspects (Qualcomm)

-
Discuss details of eDRX formula and the starting point of the paging window.

-
Discuss how PTW is configured (whether it is NAS, eNB, or fixed), value range of PTW and whether the UE monitors all paging occasion within a window or only a limited number of POs within the window.  Discuss what legacy DRX cycles are used during the paging window.

-
Discuss system information update

-
Intended outcome: Recommend proposals as inputs to next meeting

2. Discussion 
The agreements of RAN2#90, RAN2#91 and RAN2#91bis related to idle mode eDRX are the following:
	Agreements (RAN2#90):

· 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 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.  




	Agreements (RAN2#91):
· 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  

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


	Agreements (RAN2#91bis): 

Idle mode eDRX

· 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
· A H-SFN cycle of 10 bits indicating SFN will be adopted, for future proofness.  

· The maximum I-eDRX cycle is 43.69min.  

· To define the range of value of I-eDRX cycle as numbers that are a power of two (2n)
· RAN2 thinks that ETWS, CMAS, PWS requirement cannot be met when eDRX is configured.  We will not optimize to meet the requirement.  
· For EAB, if the UE supports SIB14, when in I-eDRX, it acquires SIB14 before establishing the RRC connection
· To specify H-SFN in SIB1.  FFS if the precious bits in the MIB can be used 

· Not to define a default I-eDRX cycle value per eNB; to support implicit I-eDRX support indication thought the inclusion of H-SFN
· Paging hyper frame (PH) computation should be a function of the extended I-DRX cycle and the IMSI mod(1024).   RAN2 assumes that SA2 will work on the details of MME paging strategy based on this formula.   

· The starting point of the window is designed such that a fair distribution within the H-SFN paging frame.  Details of the formula are FFS.  
· FFS how and who configures the PW 

· FFS The UE is only required to monitor one of its legacy (PF, PO) during the paging window or whether it monitors the full paging window 


2.1. Details of eDRX formula 
Figure 1 illustrates how the H-SFN is defined as a new frame structure on top of the legacy SFN structure, as per the agreement in RAN2#91bis. Each H-SFN value corresponds to a cycle of 1024 legacy frames. The H-SFN cycle contains 1024 hyper-SFNs (10 bits).
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 Figure 1: H-SFN cycle
As agreed in RAN2#91 and RAN2 #91bis, the concept of paging hyper frame (PH) will be used to define the H-SFN used for paging. Moreover, the following has been agreed in RAN2 #91bis: “Paging hyper frame (PH) computation should be a function of the extended I-DRX cycle and the IMSI mod(1024)”.  

Several contributions [2,10,13,14] have indicated that  PH determination based on the IMSI mod (1024) can be done in similar way as the legacy paging formula.  As the proposed formulas are very similar, we propose a baseline formula that keeps the commonalities of all proposals for the purpose of initiating the discussion.
Discussion 1) Consider the following formula for paging hyper-frame (PH) in eDRX 

H-SFN mod TeDRX= (UE_ID mod TeDRX)

· UE_ID: IMSI mod 1024

· TeDRX : eDRX cycle of the UE,  (TeDRX =1, 2, …, 256 in hyper-frames) and configured by upper layers
Q1: Please indicate your company’s view on whether the proposed formula is agreeable, or provide an alternative formula. 
	COMPANY
	YES/NO
	COMMENTS

	Nokia
	Yes
	

	Kyocera
	Yes
	We think “nB” in the existing PF formula is not necessary, since 10 bits of H-SFN is agreed for future proofing. (So, we agree with the formula suggested by the rapporteur.)

	Qualcomm
	Yes
	

	Fujitsu
	
	We agree on the formula, but for the UE_ID we have different views.
If the UE_ID is determined as (IMSI mod 1024), although the UEs’ PH can be evenly distributed over the H-SFN, the UEs’ PF would concentrate in some particular radio frames within one SFN. Let’s take an example to see the problem with legacy DRX cycle = 128 and the TeDRX = 128, and the N in the legacy PF formula = T for simple. Then according to the PH and legacy PF formula, within each H-SFN, only 1 radio frame out of 128 radio frames could be the PF. E.g. for H-SFN#0, only radio frame  with SFN  #0, #128, #256,  #384, #512, #640, #768 and #896 could be the PF while leaving the other 1016 radio frames unused for paging transmission.
Actually, with UE_ID  = IMSI mod 1024 being used in the PH formula, the general observation is: within each H-SFN, only X radio frames out of Y radio frames could be used as the UE’s PF, where X = T/ TeDRX and Y = T;
So, to overcome the above problem, we propose to define the UE_ID as: 

UE_ID= floor (IMSI/1024) mode 1024. 

wherein the reasoning of first 1024 is the 1024 radio frames in one H-SFN while the reasoning of second 1024 is the 1024 H-SFN in total. With this UE_ID, not only the UEs’ PH could be evenly distributed over the total H-SFN, but also the UEs’ PF could be evenly distributed over the radio frames within one H-SFN.


	Samsung
	No
	 We prefer to follow the legacy formula with ‘nB’ rather than the suggested one.
We assume the following formula for the paging hyper-frame:

Hyper SFN mod TeDRX = (TeDRX div NeDRX)*(UE_ID mod NeDRX)
Where TeDRX is the extended DRX value and NeDRX is min(TeDRX, nBeDRX). TeDRX would be obtained with the similar way as in legacy. nBeDRX will be provided via System Information.
Considering the massive MTC UEs in near future, ‘nB’ in the paging hyper-frame seems still efficient to distribute the paging loads even though we will also apply the existing PF within the paging window. 
The suggested formula can provide just a small gain, i.e. no broadcast on ‘nB’.

	Huawei, HiSilicon
	Yes
	

	Ericsson
	No
	When paging is used for notifying all UEs of changed system information, the baseline formula would result in massive transmission of paging messages during the whole extended DRX cycle(s). For paging load/resource reasons, we do not see a reason to use the complete eDRX cycle for paging, but rather “concentrate” the used H-SFNs to a subset of the H-SFN mod  Tedrx range, e.g. according to

H-SFN mod TeDRX= (UE_ID mod K)

where K=1, 2, …, indicating the number of H-SFN frames used for paging.

With e.g K=2, only H-SFN=0 and 1 would be used for paging.

	InterDigital
	Yes
	We are fine with the proposed formula as it is simpler and provide an even distribution of the Paging Hyper frames over the eDRX cycle. However, if RAN2 concluded there is a need to concentrate the UEs on few Hyper frame within the eDRX cycle as oppose to spreading them across all the hyper frames within the eDRX cycle then we prefer to re-use the legacy formula (similar to Samsung proposal).

	Intel
	Yes
	This formula ensures that the UEs are evenly distributed across the different H-SFN.

	LGE
	YES
	

	Sierra Wireless
	Yes
	Even distribution of UEs over time is worthwhile. Prefer not to have scheduling dependence on SI contents. (The issue of notification of UEs of SI change is a concern. Do not want to mandate reading SI on each wake up.)

	DOCOMO
	Yes
	We think that the rapporteur proposed formula ensures even distribution of UEs across different HSFNs. 
Question to Ericsson’s proposal:
With the Ercisson’s proposed formula, would there be an impact to concentrated RACH if the UE’s paging are concentrated in several HSFNs?

	Xinwei
	YES
	

	ALU
	Yes
	Any formula ok provided it is compliant to the agreement to be a function of eDRX cycle and IMSI. Also, In ALU view this formula needs to be computed in MME and UE only (not needed by eNB which should only compute the legacy formula at the time it receives the Paging Request from the MME to determine the exact PO to send the radio paging message).

	
	
	


2.2. Starting point of the paging window 

As per the agreement in RAN2#90, the paging message can be repeated on different paging occasions determined using the legacy DRX formula for a certain time window. 
It was also agreed in RAN2#91bis that the starting point of the window is designed such that a fair distribution within the H-SFN paging frame. This is to ensure there is an equal distribution of UEs across the PFs of the paging hyper-frame.
As shown in Figure 2, considering the UE has a total of K = 1024/T paging frames within a PH (where T is the UE’s legacy DRX cycle), the issue is then how to determine the first PF within the UE’s PH, among the possible PF(0), …, PF(K-1).  For example, a baseline formula for the first PF which achieves a fair distribution within the H-SFN is to select the PF(i)  such that i = UE_ID mod (K).
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Figure 2: Legacy PFs within a paging hyper-frame
Discussion 2): The first PF of the window is determined among the legacy PFs within the PH by
Alt1) A formula based on UE_ID mod (K), where K is the number of legacy PFs within the PH
Alt2) Another method (please provide details)
Q2: Please indicate your company’s preference on how to determine the first PF of the paging window. 

	COMPANY
	PREFERENCE
	COMMENTS

	Nokia
	Alt2
	Repetitions within the hype paging hyper frame should be considered and it should be ensured the whole window fall into one H-SFN. Proposed formula as in R2-154427:
I = (UE_ID mod (K – M + 1)) 


Where

K 
is the total number of POs within the Hyper Paging Frame based on legacy DRX cycle calculation
I
is the index of the first PO of the paging repetitions within the Hyper Paging Frame
M is the number of paging repetitions within the Hyper Paging Frame

	Kyocera
	Alt 1
	

	Qualcomm
	Alt 1
	In our view, the paging hyper-frame defines the H-SFN containing the first PF of the window. We don’t see a problem if the paging repetitions span more than one H-SFN.

	Fujitsu
	Alt 2
	By using the legacy PF formula to determine the UE’s PF already enables the fair distribution of UE across the PF within one H-SFN, so for each UE, it can use its PF(0) as the start point of the paging window. Not see the necessity to develop another formula for this.

	Samsung
	Alt 2
	We agree with Fujitsu. We assume sufficiently to use the existing PF formula. 
We can think of further simple approach.
For example, the starting point of the paging window can be commonly regarded as the starting point of the paging Hyper-frame regardless of the starting point of the first PF distinguished per UE. Also, the paging window could be defined as a fixed value, e.g. one Hyper-frame.
The UE will just monitor its paging with the legacy PF/PO formula within the paging Hyper-frame.

	Huawei, HiSilicon
	Alt 2
	We agree with Fujitsu and Samsung. The UE just need to monitor its paging by using the legacy PF PO formula. The first PF can be regarded as the starting point of paging window. 

	Ericsson
	Alt 2
	We don’t see a problem if the paging repetitions span more than one H-SFN.

	Intel
	Alt.2
	The chosen mechanism needs to allow the randomization of the UEs within the given H-SFN, thus we do not think that the legacy DRX cycle or PTW related information need to be taken into consideration for this calculation. On other hand, RAN2 needs to consider that this equation will also be used by MME based on SA2's input" MME uses the Paging Hyperframe formula as defined by RAN2 when computing the beginning of the paging time window and sends the paging request just before the first Paging occasion occurs " (in the incoming LS S2-153716). On the other hand we have to consider that PTW is configured via NAS, so it might be possible that the PTW spans more than one H-SFN.

	LGE
	Alt 1+
	We generally agree the proposed idea. We suggest more detailed  formula. 

T*i+[SFN mod T]=T*i+[(T div N)*(UE_ID mod N)], 

i = UE_ID mod (K),

K = 1024/T: paging frames within a paging hyper frame , PHF (where T is the UE’s legacy DRX cycle),

N: min(T,nB),
UE_ID: IMSI mod 1024,

nB: 4T, 2T, T, T/2, T/4, T/8, T/16, T/32. 

This formula does not need to calculate all PFs in a paging hyper frame (PHF) and only needs to consider the first PF of the paging window.

	Sierra Wireless
	Alt 1
	It should be possible to repeat into the next H-SFN if the start is at the end of one.

	DOCOMO
	
	Using legacy formula should be sufficient, and it would be fine if the paging window resulting that the repetition spans to the next H-SFN frame.
Wrt. to MME, the MME does not need to understand until this level of PF/PO calculation, only the level of HSFN would be enough, i.e., the MME does not need to understand in which PF/PO in which the paging window started.

	Xinwei
	Alt 2
	Based on the first PF/PO in the H-SFN, a shift is needed:
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Or the shift offset is determined by the UE upper layer.



	ALU
	Alt2
	MME should calculate the Start time of the Paging Window (SPW) for a given UE so that all UEs are spread over the PH. Given that the PH duration is 10.24s it is good enough that MME applies a Time Offset (TO) compared to PH frame boundary. ALU would like to propose a very simple formula: 

SPW = PH boundary + TO

With TO = IMSI (modulo 10) in seconds

UE shall make the same calculation to determine when it wakes up for the duration of the PWL (Paging Window Length) received over NAS.

eNB does not need to calculate this SPW because eNB just pages at the next legacy PO after receiving the S1 Paging message.

	
	
	


2.3. Paging window configuration 
The open issues regarding paging window configuration involve: how the window is configured; defining the value range of the window duration; and defining the legacy DRX cycle used during the window.
Discussion 3) The paging window duration configuration is performed

Alt1) by NAS 

Alt2) by RRC, e.g in SIB
Alt3) by fixing in the specification;

Q3: Please indicate your preference on how to configure the paging window duration. 

	COMPANY
	PREFERENCE
	COMMENTS

	Nokia
	Alt1 or Alt3
	Provide more flexibility for CN handling paging retransmission and buffer management.

	Kyocera
	Alt 1 (or Alt 3)
	We see it depends on which granularity the window needs, per UE, per cell, or per system. Alt 1 is the most suitable for future proofing, e.g., further extended DRX cycle.  Alt 3 is also acceptable for sub-optimal definition. So far, we don’t see the use cases of Alt 2 (per cell basis window). 

	Qualcomm
	Alt 1
	We propose to confirm the latest agreement in SA2 (R2-15606) : “The Paging Time Window (PTW) is assigned by MME and provided to UE via NAS during attach/TAU” 

	Fujitsu
	Alt 1
	It has already been agreed by SA2 to use NAS signalling. We don’t need to revisit this.

	Samsung
	Alt 3
	For simplicity, we can have a fixed value, e.g. one Hyper-frame. 
We think that we can still control the reliability with the existing PF/PO parameters. 

	Huawei, HiSilicon
	Alt1
	Agreed in SA2.

	Ericsson
	Alt 1
	We also propose to confirm SA2 agreement that PTW is provided to UE via NAS signalling during attach/TAU in LS (S2-153716)

	InterDigital
	Alt1
	SA2 already agreed to Alt1

	Intel
	Alt1
	Already agreed by SA2.

	LGE
	Alt 1
	According to LS from SA2, S2-153716, SA2 agreed that the paging time window (PTW) is assigned by MME and provided to UE via NAS during attach/TAU.

	Sierra Wireless
	Alt 1
	For flexibility and avoiding adding to SIB

	DOCOMO
	
	Since it is already agreed in SA2 that there will be a “paging window” configured via NAS, then we are fine to follow this agreement.
However, it would be good if we can assign a default value of HSFN length (as suggested  by Samsung).

	Xinwei 
	Alt3
	We prefer the fixed value for simplicity.

	SoftBank
	Alt 1
	Same opinion as Qualcomm. 

Additionally, we see a problem for Alt 3. In some cases a UE is required to monitor paging so often. As a result, there would be a risk that the battery life requirement cannot be met. If this issue is identified in the future, we have to come back again and define Alt 1 (or Alt 2) based solution. This is not simple.

	ALU 
	Alt1
	It has already been agreed by SA2 to use NAS signalling. We should not try revisiting SA2 agreements. Also eNB does not need to know the PWL because the repetitions are entirely managed by the MME and the eNB just relay a paging when received from the MME at the next radio PO according to legacy formula.

	
	
	


Discussion 4) The paging window is defined: 

Alt1) In terms of number of legacy PF instances (e.g PW=2 means paging may be repeated over 2 legacy PFs) 

Alt2) As a time configuration (e.g PW = 5.12s means that paging may be repeated over the PFs occurring within a window of 5.12s)
Q4: Please indicate your company’s preferred alternative on how the paging window is defined and the range of values for the paging window
	COMPANY
	PREFERENCE
	RANGE
	COMMENTS

	Nokia
	Alt 1
	2~4
	Counter is simpler esp. when the UE is moving.

	Kyocera
	Alt 1
	2 – 32
	We assume the paging repetition is done with defaultPagingCycle in SIB2 (which is also shared with the MME over S1, i.e., Default Paging DRX in the eNB Configuration Update).  

So, we would take “2” (one initial paging and one repetition) as the lowest bound to compensate the UE clock drifts with the maximum eDRX cycle (43.69 min.) under synchronized networks, and “32” as the upper bound for the worst case of H-SFN-level synchronization (10.24s / rf32). 

	Qualcomm
	Alt 2
	1.28 – 5.12s
	Time configuration is more consistent with a NAS-based configuration approach. Furthermore, considering that SA2 has informed RAN2 in R2-15606 that “It is assumed that all the MMEs and eNBs use the same H-SFN within a difference in the order of 1 to 2 seconds.”,  a range of up to 5.12s is sufficient to accommodate the loose H-SFN synchronization. Moreover, it always allows at least 2 repetitions to occur within the window regardless of the legacy DRX cycle of the UE.

	Fujitsu
	Alt 2
	
	First, agree with QC that time configuration is more consistent with a NAS-based configuration. 
Second, now that the length of paging window is configured to UE during the attach/TAU procedure with NAS signalling, isn’t it more reasonable to leave the range to be decided by SA2? 

	Samsung
	-
	-
	 A fixed window, e.g. one Hyper-frame.
No configuration.

	Huawei, HiSilicon
	Alt 2
	
	We agree with QC. 

	Ericsson
	
	“Up to 30s”
	With SA2 agreement according to LS, it seems wise to set the DRX cycle (from the legacy range) to use during the window in NAS signalling. The size range of the window is up to SA2/CT1 to decide, considering (from SA2 LS)  “3.
The MME takes into account the paging time window length for paging retransmission strategy”. We assume up to 30s. Whether this is expressed in seconds or number of POs in NAS spec is up to CT1. 

	InterDigital
	Alt2
	
	Consistent with NAS based configuration. Also if the length of the paging is configured to the UE with NAS signalling, shouldn’t we leave the definition of the paging window length to NAS in that case?

	Intel
	Alt.2
	
	

	LGE
	Alt 1
	2-3
	When considering HSFN’s accuracy, 2 or 3 repeated paging over 2 or 3 legacy PFs are appropriate.

	Sierra Wireless
	Alt2
	Up to 5.12s
	

	DCM
	Alt.2
	
	

	Xinwei 
	Alt 1+
	3-4
	We prefer the PW is defined by the number of the continuous default paging DRX cycle.

	SoftBank
	Alt 1

Alt 2
	2 –8

1.28 – 10.24s
	We are fine with either of the alternatives. Important aspect for us is to support short PTW in order to achieve sufficient UE power saving. For the upper bound, we have no strong opinion and it can be extended as long as the test complexity allows. 

	ALU
	Alt2
	
	MME is in charge of setting the paging window and should remain agnostic of what is a radio paging frame. So the paging window should be expressed as a simple duration in seconds (the sent from MME to UE over NAS).

	
	
	
	


Discussion 5) During the paging window, the DRX cycle of the UE:
Alt1) May be configured to be any of the allowed values for the legacy DRX configuration, i.e, can be as low as 32 radio frames. 

Alt2) Is a subset of the values allowed for the legacy DRX, i.e, very short DRX values are not applicable.
Q5: Please indicate your company’s preference regarding the DRX cycle during the paging window 

	COMPANY
	PREFERENCE
	COMMENTS

	Nokia
	Alt1
	Same value should be used for all the cells for a certain UE. It could be UE specific DRX from NAS that ensures same value for different cells.
Small values can be applicable as well, depending on NW synchronization accuracy level.

	Kyocera
	Alt 1
	We think the existing defaultPagingCycle could be applied. 

	Qualcomm
	Alt 1
	We are fine with keeping the legacy paging configuration unchanged.

	Fujitsu
	Alt 1
	We don’t see any reason to down select some values from the current legacy DRX cycles.

	Samsung
	Alt 1
	

	Huawei, HiSilicon
	Alt 1
	The legacy DRX cycle should be used. 

	Ericsson
	Alt 1
	Agree to comments by Nokia.

	InterDigital
	Alt1
	Don’t see the benefit of downselection.

	Intel
	Alt.1
	

	LGE
	Alt 1
	As far as we are concerned, using values for the legacy DRX configuration is more logical when legacy DRX applies for the paging window. 

	Sierra Wireless
	Alt 1
	

	DOCOMO
	Alt.1
	

	Xinwei 
	Alt 1
	

	SoftBank
	Alt 1
	

	ALU
	Alt1
	Just make it simple. During the paging window the eNB and the UE work with legacy DRX values as of today with no additional restrictions.

	
	
	


2.4. UE behavior during the paging window 

During the paging window, the paging message can be repeated multiple times according to the legacy PF/PO formula. It is still FFS how to define the UE behavior during the paging window. 
Discussion 6) During the paging window the UE is required to monitor paging
Alt 1) on all paging occasions within the window

Alt 2) on a single paging occasion within the window, once the UE is synchronized to the RAN
Q6: Please indicate your company’s preference on the UE behavior during the paging window. 

	COMPANY
	PREFERENCE
	COMMENTS

	Nokia
	Alt 1’
	Monitor all paging occasions within the window unless a paging message is successfully received.

	Kyocera
	Alt 2
	We believe it’s obvious that the objective of this WI is to reduce UE battery consumption, which is far from Alt 1. 

	Qualcomm
	Alt 2
	The purpose of the window is to allow more opportunities for the UE to receive the paging message in case it misses the first paging occasion (e.g due to mobility). However, once the UE is synchronized to the cell, it is sufficient to only monitor one paging occasion in the window, as the eNB is expected to repeat the paging message during the entire window. Monitoring all paging occasions after the UE is already synchronized results in significant extra power consumption for the UE and is not desired.

	Fujitsu
	Alt 1’
	Agree with Nokia

	Samsung
	Alt 1’
	Agree with Nokia

	Huawei, HiSilicon
	Alt 2
	For purpose of power saving, the UE only need to monitor one paging occasion, while the eNB is required to repeat paging massage within the window.  

	Ericsson
	Alt 1
	Agree with Nokia

As indicated by SA2 LS, “The Paging Time Window (PTW) is assigned by MME…” and “The MME takes into account the paging time window length for paging retransmission strategy”, UE shall monitor all POs of the window unless a paging message is successfully received. Except for the first POs that can be missed by the UE as described by Qualcomm above.

Clearly, the window size setting is a balance between UE power save and paging strategy.

	InterDigital
	Alt1
	Monitoring just one PO defeats the purpose of using PTW to increase the reliability. The trade-off between reliability and extra power consumption is reflected in the configured number of repetition.

	Intel
	Alt.1+
	Our understanding is that "UE monitors one PO within each PF during the whole PTW unless a paging message addressed to this UE is successfully received".

	LGE
	Alt 1’
	Agree with Nokia

	Sierra Wireless
	Alt1’
	Do not need to require a UE to receive all PO.

	DOCOMO
	Alt.1+
	Agree with Nokia and Intel

	Xinwei 
	Alt 1
	

	SoftBank
	Tend to Alt 1’
	While we understand the intention of Alt 2 proponents, we need to carefully consider the impact to the network, e.g. (1) whether paging overload/scheduling might be a problem or not, (2) whether appropriate parameter setting (eDRX cycle, PTW length and/or DRX cycle within PTW) is sufficient or not to meet the battery life requirements. 

	ALU
	Alt1
	By definition, the paging window is used in the UE to allow receiving the repetitions done by the MME. So UE should monitor all legacy POs during the paging window. 

	
	
	


2.5. System information update 

Considering that I-eDRX cycles will typically be longer than the BCCH modification period, handling of system information update via paging for common SIBs requires further discussion. The main issue is how to provide idle UEs in eDRX with systemInfoModification notification, considering that such notification may be missed while the UE is in eDRX. 

Discussion 7) How to provide the UE in I-eDRX with system information update notification when the eDRX cycle is longer than the BCCH modification period?

 Alt 1) UE checks the systemInfoValueTag in SIB1 every eDRX cycle, just before becoming reachable. Paging notification is not supported.
 Alt 2) Paging notification is supported, by one of the following methods:

· 2a) A new mechanism where paging notification for eDRX UEs may be provided after the system information has changed (e.g over an extended paging notification period).

· 2b) Define an extended BCCH modification period for eDRX UEs. The legacy paging notification procedure applies over the extended BCCH modification period.

· 2c) Other preference (please describe)   
Q7: Please indicate your company’s preference on how to provide system information update to UEs in eDRX. 

	COMPANY
	PREFERENCE
	COMMENTS

	Nokia
	Alt 1+
	Potential value tag wrap around needs to be considered as well, there is possibility when Value Tag remains the same while SI has been changed 32 times.
Either require the UE to read all the SIBs when eDRX cycle > modification period * 32 or introduce some value tag wrap around indication.

Current paging notification based solution does not work since it is impossible to extend modification period as long as eDRX cycle, while a new paging mechanism as proposed in 2a shifted the burden to networks as it significantly complicated network implementation.

	Kyocera
	Alt 1
	Since H-SFN is introduced in SIB1, we think it will not be additional burden for the UE to acquire systemInfoValueTag in SIB1. 

	Qualcomm
	Alt 2a
	If paging notification is not supported, this would effectively reduce the SI validity time for the UE from 3hours down to the order of minutes. For example, a UE with eDRX cycle of ~10min would have to read SIB1 144 times/day, even if it has data transmission once a day. Compounded by the fact that eDRX UE may also be in coverage extension, acquisition of SIB1 may take up a significant portion of the UE’s battery power. Thus Alt1 becomes a significant burden on the UE in terms of power consumption, which is not aligned with the goals of the WI.
Introducing a mechanism enabling the UE to be notified after the SI change allows flexible operation without impacting legacy UEs, while improving battery efficiency for eDRX UEs.  

	Fujitsu
	Alt 3)
	Two cases should be considered

· Case 1: eDRX in combination with eMTC EC operation

For eMTC, it has 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, for the case 1, the SI change notification through paging mechanism developed for  EC operation should be used

· Case 2: eDRX only:

For this case, the UE using eDRX value long than BCCH modification period is required to read SIB1 to check systemInfoValueTag before establishing the RRC connection (for both MO and MT)

	Samsung
	Alt 1
	We prefer the simplest, i.e. Alt 1.

Actually, Alt 1 could not be best in the power consumption aspect. But, we assume the loss is trivial. We have once described this point in our paper (captured for your convenience):

SIB 1 checking based solution wouldn’t be the most efficient solution in power saving point of view. However, the additional wake-up for SIB 1 checking wouldn’t be significant either. Just as a simple analysis, if eDRX cycle is 600 seconds, UE would, every 600 seconds, wake up one subframe for paging reception, n subframes for SIB checking and m subframes for receiver heating-up. Considering reasonable channel condition, n would be 1 or 2. Even though m is highly dependent to implementation, assuming m in the range of 10 ~ 100 wouldn’t be non-sense. Additional wake-up due to SIB 1 checking would result in less than 10% of total wake-ups.     

	Huawei, HiSilicon
	Alt1
	As discussed in our paper: 
· UEs supporting eDRX require to read systemInfoValueTag 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.
Thus, we think UE checks the systemInfoValueTag in SIB1 every eDRX cycle, just before becoming reachable. Legacy paging notification should be supported if eDRX cycle is shorter than the modification period. 

	Ericsson
	
	We propose (both for “EC+eDRX” and “EC-only”) to have

1. UE is required to read SIB1 to check systemInfoValueTag before establishing the RRC connection
(we assume this will have some effect on UE battery life, but still reasonable/acceptable) , and
2. SI change notification through paging mechanism (for the cases where nw wants to notify all UEs within a limited time period)


	InterDigital
	Alt 2a
	We agree with Qualcomm’s comments.

	Intel
	Alt 2c
	Ok with Ericsson's proposal for eDRX, understanding that this solution might limit how often the network could change the broadcasted paging configuration.

	LGE
	Alt 1
	We prefer that UE checks the systemInfoValueTag in SIB1 every eDRX cycle, just before becoming reachable. Introducing paging notification will have another impacts on legacy paging mechanism though no benefit is not seen compared to Alt.1 from our view. 

	Sierra Wireless
	Alt 2a, 2c
	Requiring reception of SI on every wake-up will impact power usage more than we think is acceptable given the objectives and use cases of eDRX. If SI is not checked on each wake-up then paging either before or after a change is a potential solution that we have proposed in our previous contributions. The possibility of UEs missing their PO due to a changed SI parameter that affects the PO calculation requires this. Another possible solution is to define a periodic common PO just for sending SI-RNTI to all UEs using eDRX at a known time unrelated to the their individual POs. Receiving this has a power impact but it would take less power than reading the whole SI. 

	DCM
	Alt.2b
	We are not sure if Alt.1 will have no (insignificant) impact to UE battery consumption. We think a mechanism for the NW to notify SI change should be defined. 

· SI change notification via paging as in legacy behaviour could be the baseline. For eDRX UE, alt.2b could also be considered.

Furthermore, we also think that the same solution for extending BCCH modification for eMTC can be be applied here as well. 

	Xinwei 
	Alt 1
	Alt 1 is enough.


3. Email discussion result 
The following 16 companies contributed to the email discussion: Nokia, Kyocera, Qualcomm, Fujitsu, Samsung, SoftBank, Huawei, HiSilicon, Ericsson, InterDigital, Intel, LGE, Sierra Wireless, DOCOMO, Xinwei, ALU. 

Section 3.1 provides a summary of the inputs provided for each discussion point and a set of recommendations based on these inputs.

3.1. Summary

3.1.1 Discussion 1

Is the proposed baseline formula for the paging hyper-frame (PH) agreeable? 

· 12 companies agree with the proposed formula. 

· 1 company prefers to change the UE_ID definition. 

· 1 company prefers to follow the legacy formula with ‘nB’ parameter also for eDRX. 

· 1 company prefers a formula where the PH can be concentrated over particular H-SFNs.
Proposal 1 for discussion: To agree on the following formula for the paging hyper-frame (PH):

H-SFN mod TeDRX= (UE_ID mod TeDRX)

· UE_ID: IMSI mod 1024

· TeDRX : eDRX cycle of the UE,  (TeDRX =1, 2, …, 256 in hyper-frames) and configured by upper layers

3.1.2 Discussion 2

How to determine the first PF of the window? 

· 7 companies support using the UE_ID (or IMSI) to randomize the starting point of the paging window: 3 companies agree with the proposed formula and the others proposing different formulas.

· 4 companies have a view that the legacy formula is sufficient to provide a fair distribution of UEs within a H-SFN, i.e, there is no need to introduce a new mechanism.  

· 1 company has a preference not to use legacy DRX configuration in the determination.

· 1 company has preference to constrain the paging window within one H-SFN, while 5 companies do not see an issue if the window overlaps with the next H-SFN.  
Proposal 2 for discussion: To further discuss the start of the paging window within a paging hyper-frame:

Alt 1) No change, i.e, the UE follows the legacy DRX cycle from the start of the paging hyper-frame.

Alt 2) The UE follows the legacy DRX cycle from a starting time which is randomly determined based on the UE_ID. 

3.1.3 Discussion 3
How is the paging window duration configured? 
· 13 companies agree with NAS-level configuration, confirming SA2’s agreement

· 2 companies prefer a fixed value 

Proposal 3 for discussion: The paging window configuration is performed by NAS.

3.1.4 Discussion 4
How is the paging window defined (timer or counter based)? 
· 8 companies prefer a time configuration e.g in seconds

· 4 companies prefer a counter configuration, i.e, in terms of number of paging occasions

· 1 company prefers a fixed value in the specification

· 1 company prefers to leave this up to SA2/CT1

· 1 company is with either time or counter configuration

What is the range of values for the paging window? Companies’ opinion varied on the exact range, with several companies having a preference to support short PTW values  up to 5.12s - 10.24s (or 4 – 8 PFs in case of counter-based configuration). Some companies also suggested that the details should be left up to the SA2/CT1 groups.

Proposal 4 for discussion: Paging window is configured in units of seconds. Short values of the PTW (at most 5.12-10.24s/ or 4-8PFs) should be supported as a means to maximize power savings. Further details are up to SA2/CT1 groups.

3.1.5 Discussion 5
Should any restriction be applied to the legacy DRX cycles of UEs in eDRX?

· All companies agree that no changes are needed. 
Proposal 5 for discussion: There is no restriction on the legacy DRX configuration during the paging window.
3.1.6 Discussion 6
What is the UE paging monitoring behavior during the paging window ?

· 12 companies prefer that UE monitors all paging occasions within the window unless a paging message is successfully received.
· 3 companies prefer that UE monitors a single paging occasion once it is synchronized to the cell. 
Proposal 6 for discussion:  The UE monitors all paging occasions within the window unless a paging message is successfully received.
3.1.7 Discussion 7
How to provide the UE in I-eDRX with system information update notification when the eDRX cycle is longer than the BCCH modification period?
· 6 companies prefer not to support paging notification of SI change. The UE acquires systemInfoValueTag in SIB1 every eDRX cycle
· 7 companies indicated that paging notification of SI change should be supported in order to avoid the burden of acquiring SIB1 every eDRX cycle by the UE. 
· Some companies further indicated that, in case such notification supported, the procedure needs to be modified relative to the legacy mechanism (by introducing paging notification after the SI change or defining an extended BCCH modification period)
· Other proposals include:
a) UE acquires the systemInfoValueTag before establishing RRC connection. 

· One potential issue here is how to prevent the UE from becoming unreachable in case the paging configuration is changed while the UE is asleep. 

b)  Defining common paging resources for the purpose of SI change notification. 
It was observed that in RAN2#91 it was already agreed to support paging notification of SI change for LC/EC UEs; it was also agreed that RAN2 should support extended DRX in combination with EC operation. 

Proposal 7 for discussion: Confirm RAN2’s intention of supporting paging notification of SI change, at least for EC UEs in eDRX. RAN2 should further discuss whether this principle also applies to normal coverage LC UEs in eDRX. 

Proposal 8 for discussion: To further discuss the mechanism to provide paging notification of SI change for EC (and possibly also LC) UEs in eDRX, considering the following alternatives:

Alt 1) Notification is provided before the SI change over an extended BCCH modification period.
Alt 2) Notification may be provided after the SI change in general (so as not to delay the SI change for normal DRX UEs). For SI changes that impact the UE’s PO, the notification is provided before the change.

Alt 3) Define paging occasions that eDRX UE monitors specifically for the purpose of SI change notifications. (This allows concentration of paging notifications over a limited set of POs, at the expense of additional wake-up time for the UE).

Proposal 9 for discussion: To further discuss the mechanism to provide SI update for non-eMTC UEs in eDRX, considering the following alternatives:

Alt 1) Same mechanism as EC/LC UEs in eDRX.
Alt 2) UE checks the systemInfoValueTag in SIB1 every eDRX cycle, just before becoming reachable. It can be further discussed if ValueTag wrap-around is an issue to be addressed.
Alt 3) UE acquires the systemInfoValueTag before establishing RRC connection (for this case, more discussion is required on how to prevent the UE from becoming unreachable for MT data due to a change in its paging configuration).
3.2. Conclusions
Below are the set of proposals made as a result of the email discussion:
Proposal 1: To agree on the following formula for the paging hyper-frame (PH):

H-SFN mod TeDRX= (UE_ID mod TeDRX)

· UE_ID: IMSI mod 1024

· TeDRX : eDRX cycle of the UE,  (TeDRX =1, 2, …, 256 in hyper-frames) and configured by upper layers

Proposal 2: To further discuss the start of the paging window within a paging hyper-frame:

Alt 1) No change, i.e, the UE follows the legacy DRX cycle from the start of the paging hyper-frame.

Alt 2) The UE follows the legacy DRX cycle from a starting time which is randomly determined based on the UE_ID. 

Proposal 3: The paging window configuration is performed by NAS.

Proposal 4: Paging window is configured in units of seconds. Short values of the PTW (at most 5.12-10.24s/ or 4-8PFs) should be supported as a means to maximize power savings. Further details are up to SA2/CT1 groups.

Proposal 5: There is no restriction on the legacy DRX configuration during the paging window.
Proposal 6:  The UE monitors all paging occasions within the window unless a paging message is successfully received.
Proposal 7: Confirm RAN2’s intention of supporting paging notification of SI change, at least for EC UEs in eDRX. RAN2 should further discuss whether this principle also applies to normal coverage LC UEs in eDRX. 

Proposal 8: To further discuss the mechanism to provide paging notification of SI change for EC (and possibly also LC) UEs in eDRX, considering the following alternatives:

Alt 1) Notification is provided before the SI change over an extended BCCH modification period.
Alt 2) Notification may be provided after the SI change in general (so as not to delay the SI change for normal DRX UEs). For SI changes that impact the UE’s PO, the notification is provided before the change.

Alt 3) Define paging occasions that eDRX UE monitors specifically for the purpose of SI change notifications. (This allows concentration of paging notifications over a limited set of POs, at the expense of additional wake-up time for the UE).

Proposal 9: To further discuss the mechanism to provide SI update for non-eMTC UEs in eDRX, considering the following alternatives:

Alt 1) Same mechanism as EC/LC UEs in eDRX.
Alt 2) UE checks the systemInfoValueTag in SIB1 every eDRX cycle, just before becoming reachable. It can be further discussed if ValueTag wrap-around is an issue to be addressed.
Alt 3) UE acquires the systemInfoValueTag before establishing RRC connection (for this case, more discussion is required on how to prevent the UE from becoming unreachable for MT data due to a change in its paging configuration).
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