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1. Introduction
In the previous RAN2#94bis meeting, the problem on paging distribution in the present eDRX specification was discussed based on [1]. In order to fix the problem, a RAN2 agreed CR, motivation paper and company CR were presented at the RAN#72 [2,3], but due to some security concern and uncertainty on IMSI randomness, the CRs cannot be agreed. To clarify the security problem an LS was sent[4].
This paper discusses and proposes a way forward to solve the problem, taking into account the recommendation from SA3 in their reply LS[5].
2. Discussion 
2.1 Discussion 1: UE Identity for eDRX paging
Paging distribution problem in the current eDRX specification is caused by the correlation of UE_ID used for calculating PH, PTW_start and PO/PF such that only certain subframes are used. To overcome this problem, the specification should ensure that the UE_ID used for calculating PH and PTW_start is different from the one used for calculating PO/PF [3]. 

Proposal 1:
RAN2 to agree to fix the formula for PH and PTW_start using different UE_ID than the one used for PO, PF calculation

From the discussions up to and during RAN#72, the alternatives of UE identity that can be used for paging eDRX calculations (PH and PTW_start) are the following:
1. Bit shift-ed IMSI (ensuring that the LSB 10 bits used for calculating PO/PF is not used)

2. S-TMSI

3. Random identity (New Identity)

The following table summarize the benefit and concern of using each of the UE identifications.

	No
	UE Identification
	Benefit
	Concern

	1
	IMSI
	· Always available in the NW
	· Security/Privacy

	
	
	
	· May not be sufficiently random

	2
	S-TMSI
	· Available as  long as UE is attached to the NW
	· May not be available at the MME in failure cases

	
	
	
	· May not be sufficiently random

	
	
	
	· Impact to S1 AP

	3
	New Identity (Random ID)
	· Can be made to overcome the problem of IMSI and S-TMSI
	· Too much specification work in different WGs

· Definition of new UE identity (SA2, SA3?)

· New UE Identity management, allocation (SA2, CT1)

	
	
	
	· Implementation impact to UE and NW


During the discussions, the main concern of using IMSI is revealing almost all IMSI bits to the eNB (LSB 10 to 14 is revealed for normal UE and Cat.M1 UE paging, and the next 10 bits will be revealed for eDRX paging. This results into a condition where 24 bits out of 40 (or 36) are revealed. This concern is confirmed by SA3 in their reply LS and they recommend that RAN2 to use other identity than IMSI.

Taking SA3 recommendation into consideration, RAN2 should start considering alternatives other than IMSI. Looking from the table, we think using S-TMSI is more feasible compared to using Random Identity (New ID) especially from specification work and NW-UE implementation. 

Proposal 2: 
RAN2 to agree of using S-TMSI based UE_ID for eDRX paging.

However, there are some issues of using S-TMSI as UE_ID for eDRX paging, i.e., randomness and its availability in the CN, and the following proposes a way to work around the issues.
Issue 1: 
Randomness

S-TMSI consist of MMEC(8 bits) and M-TMSI (32 bits). The MMEC parts is likely to be constant within the same MME. M-TMSI allocation is not standardized, so there may be uncertainty whether the M-TMSI part is allocated sufficiently random. To solve this potential problem, one straight forward solution is to use “hashed” value of S-TMSI.
Issue 2: 
Failure recovery when S-TMSI is not available in the CN
In failure cases where the MME has to be restarted, depending on implementations, the S-TMSI may not be preserved. The UE then may need to perform re-registration by means of Attach or TAU. If the MME forgets the S-TMSI then the MME cannot perform eDRX paging. However, one may argue that in this kind of failure cases, MME would also forget the UE eDRX states, and therefore anyway MME cannot perform eDRX paging and UE in eDRX state will not be able to be paged. This mismatch state will only be resolved once the UE initiated UL data. 

We think the problem of S-TMSI being not available in the network is largely depends on MME implementation. If S-TMSI based UE_ID is used for eDRX paging, then it would be worthwhile to indicate this potential problem to the relevant WGs (SA2, CT4) so that they would be aware of the situation and decide whether any specification changes is needed. 

Proposal 3: 
RAN2 to agree of using “hashed S-TMSI” as UE_ID for eDRX paging.
Assuming that proposal 2 can be agreed, the UE and the eNB needs to apply the same “hash” function to the S-TMSI. Since this hash function is not for security purposes, instead of defining a negotiation procedure of hash function to be used, we think it would be simpler to specify the “hash” function to be used in the specification.

Proposal 4:
RAN2 should define the “hash” function to be included in the specification.

2.2 Discussion 2: Backward Compatibility 

Regardless of what UE identity used for eDRX paging (PH, PTW_start), this will replace the UE_ID in the present (June version) of Rel-13 specification. Since this is not a backward compatible change, the network needs to be aware whether a UE is compliant with the new UE_ID or the June version of UE_ID.
Since the eDRX parameters are configured in the NAS layer, it would be beneficial if there is NAS capability defined. The NAS eDRX capability indicating support of new UE_ID is sent by the UE at the Attach and/or TAU. The MME will convey this capability in S1 Paging, to let eNB know whether eNB should calculate PH and PTW_start using the newly defined UE_ID. 

Proposal 5:
The capability for supporting calculating PH, PTW_start with the new UE_ID is defined as NAS capability. This capability is also signalled via S1.

2.3 Discussion 3: Other specification impact

Assuming that a new UE_ID for eDRX paging can be agreed, the new UE_ID needs to be conveyed via S1AP.
Proposal 6:
The new UE_ID for PH, PTW_start calculation is signalled via S1AP 
3. Summary and Proposal
Way forwards to solve the problem of eDRX paging distribution was discussed. The following are proposed:
Proposal 1:   RAN2 to agree to fix the formula for PH and PTW_start using different UE_ID than the one used for PO, PF calculation

Proposal 2: 
RAN2 to agree of using S-TMSI based UE_ID for eDRX paging.

Proposal 3: 
RAN2 to agree of using “hashed S-TMSI” as UE_ID for eDRX paging.

Proposal 4:
RAN2 should define the “hash” function to be included in the specification.

Proposal 5:
The capability for supporting calculating PH, PTW_start with the new UE_ID is defined as NAS capability. This capability is also signalled via S1.

Proposal 6:
The new UE_ID for PH, PTW_start calculation is signalled via S1AP 
Reference
[1] 

R2-164514, “eDRX Paging Hyper-Frame Calculation,”
Intel Corporation, Samsung, Sequans
[2] 

R2-164574, “eDRX Paging Hyper-Frame Calculation,” Samsung

[3] 
RP-161157, “Motivation for CR on eDRX Paging Hyper-Frame and PTW_Start Calculation,” Intel, NTT DOCOMO, INC., Samsung

[4] 
R2-164582, “LS on eDRX paging timing calculation and security concern,” From: RAN2, To: SA3, Cc: RAN3, SA2, CT1

[5] 
S3-161153, “Reply to LS on eDRX paging timing calculation and security concern,” From: SA3, To: RAN2, Cc: RAN2, SA2, CT1
ANNEX
Illustration of changes in 36.304 assuming that “hashed” S-TMSI can be agreed.
========

7.3
Paging in extended DRX
The UE may be configured by upper layers with an extended DRX (eDRX) cycle TeDRX. The UE may operate in extended DRX only if the cell indicates support for eDRX in System Information.

If the UE is configured with a TeDRX cycle of 512 radio frames, it monitors POs as defined in 7.1 with parameter T = 512. Otherwise, a UE configured with eDRX monitors POs as defined in 7.1 (i.e, based on the upper layer configured DRX value and a default DRX value determined in 7.1), during a periodic Paging Time Window (PTW) configured for the UE or until a paging message including the UE’s NAS identity is received for the UE during the PTW, whichever is earlier. The PTW is UE-specific and is determined by a Paging Hyperframe (PH), a starting position within the PH (PTW_start) and an ending position (PTW_end). PH, PTW_start and PTW_end are given by the following formulae:

The PH is the H-SFN satisfying the following equation:

H-SFN mod TeDRX,H= (UE_ID_H mod TeDRX,H), where


-
UE_ID_H:  

-
(“hashed” S-TMSI
) mod 1024, if P-RNTI is monitored on PDCCH or MPDCCH

-
(“hashed” S-TMSI) mod 4096, if if P-RNTI is monitored on NPDCCH
-
T eDRX,H  : eDRX cycle of the UE in Hyper-frames, (TeDRX,H =1, 2, …, 256 Hyper-frames) (for NB-IoT, TeDRX,H =2, …, 1024 Hyper-frames) and configured by upper layers.
PTW_start denotes the first radio frame of the PH that is part the PTW and has SFN satisfying the following equation:

SFN = 256* ieDRX, where

-
ieDRX = floor(UE_ID_H/TeDRX,H) mod 4

PTW_end is the last radio frame of the PTW and has SFN satisfying the following equation:

SFN = (PTW_start + L*100 - 1) mod 1024, where

-
L = Paging Time Window length (in seconds) configured by upper layers
========

�The actual “hash” function need to be defined
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