Page 4
Draft prETS 300 ???: Month YYYY


3GPP TSG-RAN WG2 Meeting NB-IoT Adhoc
Tdoc R2-163246
Sophia Antipolis, 3-4 May, 2016
Agenda Item:
5.2
Source:
Ericsson
Title:
Summary of email discussion [93bis#06][LTE/eDRX/NB-IOT] eDRX paging
solution
Document for:
Discussion, Decision
1 Introduction

This document is a summary of the email discussion [93bis#06][LTE/eDRX/NB-IOT] eDRX paging solution. The intention of this email discussion is to find a solution to the problem identified in [2] and potentially discuss other issues identified.
[93bis#06][LTE/eDRX/NB-IOT] eDRX paging solution (Ericsson)

-
To find solution to the problem identified in R2-162806 and potentially discuss other issues identified.

-
Intended outcome: Email discussion report and draft CR

-
Deadline: Thursday 28/04/2016

The deadline of this email discussion is Thursday 28/04/2016.
2 Background
During RAN2#93bis, [2] raised an issue with the Paging Window calculation, as currently specified in TS 36.304. All UEs do not get the same number of paging occasions (POs) within the Paging Window. After RAN2 online discussion, the chairman captured the following:
=>
We will try to fix the issue identified in the paper

In [2], a solution was presented where the Paging window length L is rounded up to a multiple of DRX cycles. A draft CR to TS36.304 was presented in [3]. Also other solutions may be possible.
3 Discussion

3.1 General

Companies are asked to:

· Provide their comments on the solution proposal presented in [2, 3].

· Provide alternative solutions proposals including motivations/comments.

· Discuss also other issues related to eDRX calculation.
3.2 Discussion on Solution Proposal #1
Description of Solution Proposal #1, presented in [2, 3]
The Paging window length L is rounded up to a multiple of DRX cycles, by modifying the PTW_end (last radio frame of the PTW):
SFN = (PW_start + (FLOOR((L*100)/N)+1)*N - 1) mod 1024

Companies are invited to provide their comments on Solution Proposal #1 in the table below.

	Solution Proposal #1

	Company name
	Comments

	Samsung

	We propose the solution#2 (see Section 3.3 below) where the starting position of PTW is aligned with the Paging Frame of the UE.
This solution is also beneficial to mitigate another problem, i.e. uneven UE load distribution across the available paging frames, especially concentrating in the start of PTW, which occurs due to just four possible start positions of PTW where majority of UEs perform DRX operation.



	Nokia

	We agree with Samsung.
With solution 1, as legacy DRX cycle used in the UE is not known to the MME, it is impossible for the MME to know the extended paging window. Rounding up the ending point of PTW from UE side only does not improve the reachability of the UE if it is not known to the MME as well since the MME will not send paging message to the eNB if it considers the UE as not reachable according to the PTW length configured to the UE. It unnecessarily increases power consumption.

	Intel
	We share the view that the PTW needs to be multiple of the DRX cycle, however we propose using a solution #4 (described in section 3.3 below) where the maximum DRX cycle that might be used within the PTW is always used. 

For solution #1, the same issue happens as in current solution when T is different than N (e.g., for nB = T/16). In addition, for solution #1 and also for solution #2, the MME might not know the required information to know when UE is reachable in the updated PTW (as the MME does not know the cell specific DRX cycle within each cell that the UE is paged).

On summary, considering that maximum DRX value is multiple of all paging DRX cycles, we propose using it as explained in solution#4 below.

	Ericsson

	With Solution #1, we assumed all cells use the same cell DRX cycle, and that this is known by MME by O&M. We agree that Solution #1 may not be feasible due to this. We do not understand the problem with e.g. nB=T/16, but this is maybe not important. Main ambition with solution#1 was, given that Rel-13 is frozen, limit the changes to RAN2 specification. See further below on Solution#4.

	Huawei, HiSilicon

	We agree that the PTW length should be multiple of the DRX cycle. (See the comments in solution #3 and #4 below)
Just want to point out, actually, the default paging cycle can be known at MME in RAN3 spec. 36.413, but nB is not known at MME. Thus, Solution #1 is not feasible. 

	ZTE


	We also share the view that the PTW needs to be multiple of the default paging cycle.



	DOCOMO

	One benefit of this solution is that the impact is mainly in RAN2 specification with no impact to RAN3 specification and limited impact to SA2 specification.

Today’s S1 Setup procedure includes default Paging DRX parameter, so the MME is aware of this information; however it is a fact that S1 procedure does not convey nB parameter. MME does not have nB parameter to calculate N, unless if nB is also sent via S1 or configured via OAM.

So the observation that this calculation may not be feasible be done at the MME is valid, unless the MME obtains this parameter from OAM or S1 Setup procedure is enhanced. Enhancing S1 Setup contradicts the benefit of limited RAN2 impact.



	MediaTek

	We agree to set PTW length as multiples of DRX cycle; please also see our comments on Solution #4.

	InterDigital
	We agree that the PTW length should be multiple of the DRX cycle. However, we think the solution 5 is simpler and a more direct approach than modifying the formula.   

	Qualcomm Incorporated
	We agree the problem should be addressed. We prefer the solution 5 proposed by DOCOMO.


3.3 Other solution proposals
Companies are invited to propose alternative solutions #2, #3, …

Please describe the solution proposal and allow companies to comment. See the template below:
Description of Solution Proposal #2 (Samsung):
In order to address the given issue and without causing uneven UE distribution, we propose the following calculation for PTW starting frame,

SFN = 64* ieDRX + (T div N)*(UE_ID mod N),

-
ieDRX = floor(UE_ID/TeDRX,H) mod 16

Calculation of PTW_end remains the same as before.
Companies are invited to provide their comments on Solution Proposal #2 in the table below.
	Solution Proposal #2

	Company name
	Comments

	Samsung


	Aligning the Paging Window start with the Paging Frame addresses the unfairness issue. Also, increasing the number of possible start points (i.e. 16 possible locations) of Paging Window reduces the risk of the uneven load distribution.

	Nokia

	Agree with Samsung. Changing the starting point of the PTW to the first PO of the UE can ensure all the UEs get the same number of POs within the PTW without increasing the time the UE stays awake. Ok to increase the number of possible start points to 16 as well.
Just to point out, current PTW length value in CT1 with value 0 also assumed PTW starts with a PO and the UE goes back to sleep immediately after the PO.

	Intel


	As it is  explained in previous point, solution #2 would still not be suitable since MME would not know the cell specific DRX cycle and parameter nB (to calculate N). In our view, this new formula would not solve the issue of uneven distribution of paging load.

	Ericsson

	We agree with Intel, Solution #2 is also not feasible, as MME is not able to calculate the paging frame of the UE.

	Huawei, HiSilicon

	Similarly, we also think that solution #2 is not feasible. 

	ZTE


	We agree with Intel and Ericsson.

	DOCOMO


	Agree with the above observation that the MME may not be able to calculate the end of PTW due to no availability of parameter to calculate N.

	MediaTek

	Similar to above comments, we think Solution #2 is infeasible.

	InterDigital
	Agree with Intel that the Solution 2 is not feasible.


Description of Solution Proposal #3 (Nokia)
<add description of Solution Proposal #3>

Solution 3: PTW length values is defined as multiple of legacy DRX cycle length, e.g. 2.56s, 5.12s, 7.68s, 10.24s, 12.8s, 15.36s, 17.92s, 20.48s…
Companies are invited to provide their comments on Solution Proposal #3 in the table below.
	Solution Proposal #3

	Company name
	Comments

	Nokia

	If solution 2 is not acceptable, propose to change the PTW length values as multiple of legacy DRX cycle length, then all the UEs will get the same number of POs within the paging window.

The values in CT1 and RAN3 need be modified to the values given above, the field description can be changed to e.g. 1, 2, 3… means 1* 2.56s, 2*2.56s, 3*2.56s etc. if difficult to change the values itself. Either more values can be added up to 40.96s with current 16 code points, or the remaining 8 code points are left as spares.

Note that with current formula in 36.304 that PTW does not start with a PO, value 0 in CT1 does not work for most of the UEs.

Solution 3 ensures PTW length aligned among UE, MME and eNB.

	Intel

	We share the concern raised by Nokia and describe a similar proposal below with the difference that we suggest using always the maximum DRX cycle supported by the eNB (understanding that within the PTW the UE would only use one of those DRX cycles within the PTW). See details described in proposal #4 below.

	Ericsson

	See comment below on Solution Proposal #4.

	Huawei, HiSilicon

	We agree to change the length of PTW. 
Both solution #3 and solution #4 are OK for us.  

	DOCOMO


	We think that this proposal would also work. However adding new value would have quite impact to RAN3/CT1 specification.

One other proposal (which is in the same direction as proposal #3 and #4) is to change the “unit” of the Paging Time Window IE, to the default paging DRX which is set for that cell. This is explained as solution proposal#5.

As for the issue pointed out by Nokia that according 36.304 the PTW does not start at the first PO, while this is the assumption in 23.682. This issue is addressed in section 4 as other issue #3.


	MediaTek

	Solution #3 and #4 are both OK for us. Please also see our comments on Solution #4.

	InterDigital

	Both Solution #3 and #4 are OK for us, but we think Solution #5 is a better approach 


Description of Solution Proposal #4 (Intel)
The PTW values are updated to be multiple of the maximum DRX cycle that could be set within the PTW (i.e. PTW = n * max-Paging-DRX, for integer n). For eMTC, the max-Paging-DRX is 2.56sec vs for NB-IoT, the max-Paging-DRX is 10.24sec. The calculations of PTW start and PTW end remain same as defined for Rel-13 eDRX WI and all UEs would get the same number of paging occasions (POs) within the Paging Window.

If this solution is agreed, RAN2 would have to send an LS to SA2/CT1/RAN3 to update the PTW values accordantly for Rel-13 eDRX and the new ones for Rel-13 NB-IoT. This would mean that for eMTC, the PTW values would be multiple of 2.56sec and for NB-IoT, the PTW values would be multiple of 10.24sec
Companies are invited to provide their comments on Solution Proposal #4 in the table below.
	Solution Proposal #4

	Company name
	Comments

	Intel


	The solution #4 would assure that the UEs with same DRX cycle (T) have  same number of PO/PFs within the PTW regardless of their UE_ID or location of PFs. 

	Ericsson

	We agree this solution proposal solves the problem. We also note that Solution #1, with rounding the PTW length up to a multiple of maximum DRX cycles (2.56 resp 10.24) gives the same effect.

	Huawei, HiSilicon


	We agree to change the length of PTW.  
Both solution #3 and solution #4 are OK for us.  

	ZTE


	We agree that this proposal is a simple solution to solve the problem.



	DOCOMO


	This solution would also work. 

One other proposal (which is in the same direction as proposal #3 and #4) is to only change the unit of the Paging Time Window IE, to the default paging DRX which is set for that cell. This is explained as solution proposal#5.

The difference with proposal#4 and #5 is the granularity of legacy DRX cycle used. 

	MediaTek

	With Solution #4, UEs with same DRX cycle have the same number of PO/PFs within the PTW regardless of their UE_ID. We agree to Ericsson’s comment that Solution #1 may give the same effect, but Solution #4 seems more straightforward. LS_out is needed to change the value ranges in the spec of other WGs, e.g., TS 24.008.

	InterDigital

	Both Solution #3 and #4 are Ok for us but we think Solution #5 is a better approach

	
	


Description of Solution Proposal #5 (NTT DoCOMo)
The PTW values defined in CT1 and RAN3 specification is kept as is, but the “unit” is changed to “default Paging DRX”. 
The “PTW_start” and “PTW_end” defined in 36.304 can be kept as is.

Necessary change in RAN3 specification:
=====
4 9.2.1.111
Paging eDRX Information
This IE indicates the Paging eDRX parameters as defined in TS 36.304 [20].

	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description

	Paging eDRX Cycle
	M
	
	ENUMERATED (hfhalf, hf1, hf2, hf4, hf8, hf16, hf32, hf64, hf128, hf256, …)
	TeDRX defined in TS 36.304 [20]. Unit: [number of hyperframes].

	Paging Time Window
	O
	
	ENUMERATED (s1, s2, s3, s4, s5, s6, s7, s8, s9, s10, s12, s14, s16, s18, s20, …)
	Unit: [default Paging DRX] second.


=====

This solution is assuming that the MME understands the “default Paging DRX” for the cell from S1 Setup procedure.

Companies are invited to provide comments on Solution Proposal#5 in the table below.

	Solution Proposal #5

	Company name
	Comments

	DOCOMO
	This solution has a very limited impact, i.e. only to RAN3 (possibly CT1) specification.

	MediaTek
	We can also accept this solution if companies think that Solution #4 still brings too much impact.

	InterDigital
	We prefer this solution for its simplicity and limited impact. It also has an additional benefit of having the same number of POs in a paging window across different cells.

	
	

	
	

	
	

	
	


4.1 Other issues
According to the targets of this email discussion, other issues identified could also be discussed. 
Please describe the issue below, and allow other companies to comment in the table. See the template below:
Other issue #1:

Current calculation of Paging Hyper-frame (PHF) and Paging Frame (PF) uses the same value of UE_ID, i.e. IMSI mod 1024. This leads to uneven UE load distribution among the available PFs within a hyper-frame, due to existence of common divisor between TeDRX,H and T, i.e. eDRX cycle and legacy DRX cycle respectively. The effect is more pronounced for high values of TeDRX,H, where many PFs are not monitored by even single UE. See the figure below for UE load distribution for the case when T is uniformly selected from values {32,64,128,256} and TeDRX,H is uniformly selected from values {1,2,4,8,16,32,64,128,256}, for each UE.
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One simple solution is to have a different value of UE_ID for PHF calculation, e.g. to use UE_ID = (S-TMSI mod 1024) for PHF calculation.
Companies are invited to provide their comments on Other issue #1 in the table below.

	Other issue #1:

	Company name
	Comments

	Samsung


	We would like to clarify the uneven UE load distribution with current eDRX mechanism. Also, it can be easily solved with applying different UE_ID for PHF calculation with the UE_ID used in legacy DRX equation.

	Nokia

	No strong opinion. The issue was discussed during the email discussion R2- 156817 and contribution R2-156625. It was concluded to go with current formula.

	Intel

	We recognize that there might be a paging loading issue however, neither legacy PTW start calculation (i.e., SFN = 256*eDRX) nor randomization of the PTW start calculation (i.e. SFN = IMSI mod 1024) might solve this issue. One reason for this problem could be related to the large number of UEs (100,000) considered and the overlapping of the different PTW windows (from different UEs). 



	Ericsson

	Also no strong opinion. We acknowledge that existing solution does not utilise the increased number of possible paging occasions offered by eDRX. 

	Huawei, HiSilicon


	We agree with Nokia. 
Slightly prefer to keep the current formula. 

	MediaTek

	We agree with Nokia.

	InterDigital

	We acknowledge the problem and a simple way to avoid the uneven load distribution is to use a different UE_ID in the PHF calculation than then PF UE_ID.  However, given that some form of randomization was achieved by randomizing the start of PW to 4 potential positions inside a PH, we are not sure if this remains a big concern or if there is additional concerns for NB-IoT use case.  

	Qualcomm Incorporated
	We also recognize the problem. However agree with Nokia that the previous agreement should be respected.


Other issue #2 (Intel):

For Rel-13 eMTC WI, DRX value of 5.12sec is configured by NAS as an eDRX, however RAN2 specified that it could also be used as one of the paging DRX cycles (i.e. legacy procedure is used for PO/PF calculations and PTW is not applicable). We propose to extend the same behaviour for the DRX value of 10.24sec (i.e. legacy procedure is used for PO/PF calculations and PTW is not applicable).

Companies are invited to provide their comments on Other issue #2 in the table below.

	Other issue #2:

	Company name
	Comments

	Intel

	We support the proposal that the eDRX cycle value of 10.24sec also uses legacy procedure for PO/PF calculations (and therefore, PTW is not applicable). The main motivation is to avoid the usage of PTW when the eDRX cycle is in the range of an H-SFN duration (10.24sec). In addition, this mechanism would be aligned with the NB-IoT behaviour (with the difference that in NB-IoT, the DRX cycles of 5.12sec and 10.24sec are defined as two of the possible values for the cell specific paging DRX cycle.   

	Ericsson

	We do not see there are strictly any problems with the existing eMTC/eDRX behaviour. But we also understand the preference to align eMTC/eDRX and NB-IoT behaviour. In case, as outcome of this discussion discussions, RAN2 agrees on other modifications to the frozen Rel-13 feature eDRX, this proposal could also be considered.

	Huawei, HiSilicon


	Firstly, we agree the principle to align the behaviour for eMTC and NB-IoT. 
We have some concern: 

The main motivation is to avoid the usage of PTW when the eDRX cycle is in the range of an H-SFN duration (10.24sec). But for eMTC, there is still a case to use PTW during H-SFN when DRX cycle=5.12 and eDRX = 10.24.
Does it mean we need extend DRX cycle for eMTC to 10.24? We don’t see any necessity to do this.

	MediaTek

	We have no strong view. We can do this is mostr companies support it and the specification impact is acceptable.

	InterDigital

	We also don’t have a strong view, but do not see a problem with the existing eMTC/eDRX behaviour. 

	Qualcomm Incorporated

	We do not see this is an essential problem to be addressed in this late stage of the release.

	
	


Other issues #3 (NTT DoCoMo):

There may be a misalignment between 23.682 and 36.304 wrt. the starting point of PTW. According to 23.682, the MME starts the starting point of PTW at the first paging occasion, not at the PTW_start as defined in 36.304.

The following is described in 23.682
The UE first paging occasion is within the Paging Hyperframe as described in TS 36.304 [35]. The UE is assumed reachable for paging for an additional Paging Time Window length after first paging occasion.

23.682 describes that the MME sets the starting point of PTW to the first PO of the UE within one of the 4 distribution timing of PTW, while 36.304 described that the “PTW_start” is the starting point of PTW, which is  actually the start of PTW distribution.

In addition to solving the main issue in section 3, we think it would be beneficial to align the understanding between SA2 and RAN2 specification. 

The following are alternative proposals:

Ask SA2 to align their specification, i.e., Paging Time Window start and end is calculated also according to 36.404. The following change is recommended:

The UE is assumed to be reachable within the Paging Time Window, the start and end of Paging Time window is described in TS 36.304 [35]

Another alternative proposal is to change RAN2 specification, but we think it would be too much. 
Companies are invited to provide their comments on Other issue #3, specifically on whether this issue needs to be solved and if yes, which alternative is preferred, in the table below.

	Other issue #3:

	Company name
	Comments

	DOCOMO
	We think in addition to conveying solution for the main issue in section, we can also mention this possible misalignment and ask SA2 to update their specification accordingly. (We can also give example of changes as indicated above)

	MediaTek
	We can check potential impacts after the solution is confirmed, and send necessary LS_out.

	InterDigital
	We also think that SA2 should align their specs. 

	Qualcomm Incorporated


	Agree that the SA2 specification should be aligned.

	
	

	
	

	
	


5 Summary of email discussion

Ten companies participated in the email discussion.

The email discussion was initiated to solve the problem that with existing mechanisms all UEs do not get the same number of paging occasions (POs) within the Paging Window.

1) A majority of the companies expressed a preference on solving the problem by aligning the Paging Window length to be expressed as a multiple of the UE DRX cycle, rather than modifying the PTW formula (as proposed in [2, 3]).
a. A proposal on adjusting the starting point of the Paging Window such that it coincides with a Paging Frame of the UE was considered as not feasible, since the parameter nB is not known to MME.
2) Issue that need some further discussion for the Paging Window length is whether to use a multiple of the
a. Default DRX cycle (as published in SI of the cell where UE is camping), or 

b. Maximum DRX cycle (2.56s for eDRX/eMTC and 10.24s for NB-IoT)
Some companies expressed that MME is aware of the Default DRX cycle, hence there could be some benefits in a finer granularity in Paging Window length, and also benefit of having the same number of POs in a paging window across cells that have different default paging cycles..
On other issues reported by companies:

1) Other Issue #1
Companies expressed no strong support to introduce further spreading of UEs by applying different UE_ID (e.g. based on S-TMSI) for PH calculation.
2) Other Issue #2
Most companies expressed no strong view or no need to modify existing eDRX mechanism such that the PTW does not apply for the eDRX cycle 10.24s (similar to 5.12s)
3) Other Issue #3
A misalignment between SA2 specification 23.682 and 36.304 was identified with respect to the starting point of the Paging Window. Some companies proposed to align the SA2 specification to 36.304.
6 Proposed way forward

The following way forward is proposed:

Proposal 1 RAN2 to discuss and agree on aligning the Paging Window length to a multiple of the UE DRX cycle for NB-IoT during NB-IoT adhoc meeting, respecting that a common approach is selected for NB-IoT and LTE/eDRX.
Proposal 2 RAN2 to discuss and agree on whether to use multiple of the 
i. Default DRX cycle, or

ii. Maximum DRX cycle


for Paging Window length.

Proposal 3 Companies are encouraged to coordinate with colleagues from CT1 and RAN3, such that corresponding CRs can be agreed during May meetings.
Proposal 4 RAN2 to agree on asking SA2 to align their specification 23.682 to 36.304 with respect to the starting point of the Paging Window (Other Issue #3).
7 References

[1]
TS36.304 v13.1.0 

[2] 
R2-162806
Correction to Paging Window calculation, 


Source: Ericsson
[3] 
R2-162807
Correction to Paging Window calculation (draft CR to 36.304), Source: Ericsson


1/1


