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1 Introduction

The agreements of RAN2 #90, RAN2 #91 and RAN2 91bis 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


In the email discussion [1], the issue of paging frame (PF) distribution within the paging hyper frame (PH) is discussed with no clear consensus. The main concern is that if the first PF/PO is used as the start of the paging time window (PTW), the paging frames used within the PH will be concentrated at the beginning of a PH since even if each UEs is configured with UE specific PTW, all the PTWs will be pointing to the beginning of the PH. In this contribution, we analyse further the concluding options (Proposal 2 in [1]) proposed by the rapporteur and suggest a solution for RAN2 decision.

A second paging distribution issue not explicitly listed and addressed in the email discussion [1] is the fact that the I-eDRX UEs that have the same PH are most likely to have the same PF/PO if the same UE_ID is used for both PH calculation and PF/PO calculation. For example if the default legacy DRX cycle is used for PF/PO calculation, all the UEs with the same PH will be concentrated in the same PF/PO. In other words, the PFs of the group of UEs with the same PH are not fairly distributed within the legacy DRX cycle. 
In summary, the PFs of the UEs with the same PH, are not only concentrated at the beginning of the PH but they are also likely concentrated in the first PF/PO of the legacy DRX cycle.

In this contribution both issues are analysed and solutions to address these issues are proposed.   
2 Discussion
2.1 Analysis on the issue of UEs having the same PF/PO within a PH
The majority of the companies who expressed their views during the email discussion [1] agree on the following formula for the paging hyper frame however there were concerns raised regarding use of the UE_ID as IMSI mod 1024.
H-SFN mod TeDRX= (UE_ID mod TeDRX) where UE_ID = IMSI mod 1024.
We therefore proposed the following: 

Proposal 1: PH is computed as H-SFN mod TeDRX= (UE_ID mod TeDRX).
Once the UE determines the PH, the UE then determines the paging frame (PF) according to the legacy DRX formula:

SFN mod T= (T div N)*(UE_ID mod N) 

where UE_ID is also IMSI mod 1024
As seen the UE_ID used in both PH and PF formula is the same.  Therefore, all the UEs with the same PH will also have the same UE_ID in the PF formula. As a result, if the legacy DRX cycle (T) value is the same across these UEs or if the default DRX cycle value is shorter than UE specific DRX values, they will have exactly the same PF and PO.  It is noted that it is likely that the DRX cycle across these UEs is the same.  

From the analysis above, it means that UEs that calculate the same PH are likely to also calculate the same PF and therefore, distribution across PH is not optimal.  
For example, if a default legacy DRX cycle T is assumed, in any specific legacy DRX cycle T within the PH, all the UEs will determine the same PF of the available N = min(T,nB) paging frames per legacy DRX cycle in the cell resulting in only one PF being used per DRX cycle for all the UEs with the same PH. As a result, out of (1024/T) x N paging frames per PH, only 1024/T PFs are used within the PH leaving all the remaining PFs unused. We note that a PH is 1024 radio frames. For example, if T =128 radio frames and nB = T/2, only 8 frames are used as PF out of 512 possible PFs in the cell assuming the PTW covered the entire PH. The problem is actually more severe if the PTW is much smaller than the size of the PH. Nevertheless, it could be argued that the PH calculation formula can already distribute the UEs across a long eDRX cycle for up to 256 x 1024 radio frames, and therefore not using all the PFs within a PH is not necessarily a big issue. However, we think we have to design the system to be future proof as it is impossible to predict the requirements of all the near future use cases (e.g. LC MTC, NB-IOT, etc.). As result, we think the UE_ID for the determination of PH should be different from the UE_ID for the determination of PF.
Proposal 2: PH calculation shall use a UE_ID different from the UE_ID i.e. IMSI mod 1024 used in PF calculation.

In RAN2 #91bis, it was agreed that PH computation should be a function of the extended I-DRX cycle and the IMSI mod 1024. In the PH computation, there are several options for UE_ID determination as a function of IMSI mod 1024. Some of the examples include:

a)  UE_ID is the MSIN mod 1024 where is MSIN is the Mobile Subscriber Identification Number part of the IMSI i.e. the least significant 9 or 10 digits of the IMSI.
b) UE_ID is floor(MSIN/1024)

Another possible option is to use s-TMSI mod 1024 as UE_ID. 
The MME may provide to the eNB a second UE_ID (UE identity index) in addition to IMSI Mod 1024 so the eNB can compute the PH. We should note that floor(IMSI/1024) has been proposed during the email discussion. We are sympathetic to this proposal however, if this proposal was to be adopted, the eNB will know both the IMSI mod 1024 and the quotient of IMSI mod 1024 which means the eNB can reconstruct the IMSI.  For security reason, we believe eNB being aware of the IMSI should be an exception and not the rule.

Proposal 3: RAN to agree to one of the following.

a) UE_ID = Floor (MSIN/1024)

b) UE_ID = MSIN mod 1024

c) UE_ID = s-TMSI mod 1024

2.2 Analysis on the issue of the concentration of paging windows at the beginning of a PH
 In conclusion of the email discussion, the following options (Proposal 2 in [1]) are proposed in order to fairly distribute the PF within the PH.

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

Alt 2) The UE follows the legacy DRX cycle from a starting time which is randomly determined based on the UE_ID.
In RAN2 #90, it was decided that in order to improve paging reliability, the paging message can be repeated on different paging occasions determined using the legacy DRX formula for a certain time window. Then, RAN2 also recognizes in RAN2 #91, that for paging robustness purposes for mobile UEs, some loose H-SFN synchronization between cells may be required, confirming further the need for a paging time window (PTW).

In RAN2 #91bis, it was agreed that the starting point of the PTW is designed to allow a fair distribution of the PFs. Since the legacy PF formula already enables a fair distribution of paging frames of the legacy DRX cycle, the idea here will be to ensure a fair distribution of the PFs within the PH beyond the length of a legacy DRX cycle by distributing the PTWs over the PH accordingly. We note that this is similar to the concept of PO within a determined PF. UEs are spread across different subframes once a PF is determined according to the following: i_s = floor(UE_ID/N) mod Ns where Ns is max (1, nB/T). Given that the PH length is much longer than a frame then it would be even more beneficial to have the ability to spread the UEs across a PH for eDRX.
Even though, this flexibility adds some additional complexity, we think that a distribution over a long period of time (e.g. 10.24s) similar to that of legacy behaviour (over multiple consecutive DRX cycles) would be desirable and beneficial. Therefore, we propose to allow UE specific start points for PTW within a PH. The UE would determine the PH and within the PH determine the starting point of the PTW.  The starting point of the PTW is the point in which the UE wakes up and is one of the PFs/POs within the PH.. If such things is allowed, it might also be beneficial for the UE to wake up at the beginning of its PTW and not a the beginning of the PH such that UEs whose PTWs are toward the end of the PH do not suffer power consumption penalty. 
It should be noted that distribution becomes more of a concern when the length of the PTW is smaller. For example, if the PTW is the length of a full SFN cycle and the UE is expected to monitoring paging occasions during the full PTW then the network has the ability to distribute the UEs by means of scheduling across the PH. However, this comes at the expense of battery consumption as it would be desirable to minimize the time in which the UE is awake (e.g. PTW is set to 2 paging opportunities).  

If some networks would like to have the ability to not configure UE specific PTW, one compromise may be to allow support for both Alt 1 and Alt2 but make it configurable.  For example, one of the configuration options is that all UEs use the same starting point.    
Proposal 4: The starting point of the PTW is determined based on the UE_ID 
Proposal 5: The network can have the option to configure the same starting point for all UEs (i.e. the beginning of the PH)
3 Conclusion

In this contribution, we discussed the two issues of paging frame distribution for I_eDRX UEs:

1. For eDRX UEs that have the same paging hyper frame, they are likely to have the same PF/PO within the legacy DRX cycle if the same UE_ID is used for both paging H-SFN and PF/PO calculation

2. If the first PF/PO is chosen as the start of paging time window, the windows will be concentrating at the beginning of the PH.
For the first issue, the followings are proposed:

Proposal 1: PH is computed as H-SFN mod TeDRX= (UE_ID mod TeDRX).

Proposal 2: PH calculation shall use a UE_ID different from the UE_ID i.e. IMSI mod 1024 used in PF calculation.
Proposal 3: RAN to agree to one of the following.

a) UE_ID = Floor (MSIN/1024)

b) UE_ID = MSIN mod 1024
c) UE_ID = s-TMSI mod 1024

For the second issue, the followings are proposed: 
Proposal 4: The starting point of the PTW is determined based on the UE_ID.

Proposal 5: The network can have the option to configure the same starting point for all UEs (i.e. the beginning of the PH).
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