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1 Introduction

This document discusses some remaining issues in eDRX, including detailed evaluations and taken into consideration the inputs also provided in the related email discussion [93bis#06] [1][2] and the agreements made on the RAN2 NB IOT AD Hoc (May 2016) meeting on eDRX paging solution [3]. The first one is related to Paging Time Window (PTW) length not being multiple of DRX values, which leads to encounter UEs with same DRX cycles but with different number of Paging Occasions (POs) within the PTW. The second issue is related to the start offset of PTW not being uniformly distributed and paging load not being evenly distributed over a Paging Hyper (PH) frame when Rel-13 eDRX procedure specified in TS 36.304 is used to calculate the start of the paging window. 
2 Discussion

Equal paging opportunities within a PTW
In Rel-13 TS 36.304, the first radio frame at the Paging Hyper (PH) frame where Paging Time Window starts (PTW_start) is calculated as SFN = 256*ieDRX, where ieDRX = floor(UE_ID/TeDRX,H) mod 4. The last radio frame of the PTW is calculated as SFN = (PTW_start + L*100 -1) mod 1024, where L is the PTW Length in seconds.

As previously explained, the related issue identified in RAN#93bis [1] is that all UEs do not get same number of paging occasions (POs) within the Paging Window using the above calculations of PTW; on this regard, RAN2 agreed to fix the identified problem.
To resolve this issue, it was agreed in RAN2 NB IOT AD Hoc (May 2016) meeting [3] that paging time window length (L) for NB-IOT should be multiple of default DRX cycle which is broadcast by the cell. It is important to highlight that in NB-IOT there is no support of UE specific DRX cycle. However in LTE, a UE might use cell default DRX cycle or UE specific DRX cycle, and in addition, different eNBs might broadcast different values for their default DRX cycle. 
Our concern raised on the solution agreed for NB-IoT is that eNBs might use different default DRX cycles and MME would need to calculate different PTWs associated to eNBs when paging within tracking area to a UE [3]. Also when UE moves to different cells while being in IDLE mode, its PTW might change or reduce. Considering the default DRX cycle multiple factor for PTW to be 20, there is also an unfairness in reachability window among UEs because a UE in a cell having default DRX cycle of 2.56sec is reachable only for maximum of 51.2sec whereas a UE in another cell having DRX cycle of 10.24sec is reachable for 204.5sec. 
For an alternate solution to address this concern, we suggest that the value of the PTW length is updated to be multiple of the maximum DRX cycle that could be set within the PTW i.e. PTW_length (L) = n * TDRXmax where n is an integer. Considering Rel-13 agreements on the DRX cycle range, for eMTC, the TDRXmax is 2.56sec and for NB-IoT, the TDRXmax is 10.24sec. This would assure that all the UEs with same DRX cycle values get same number of Paging Occasions (POs)/Paging frames (PFs) regardless of their UE_IDs or the locations of POs/PFs. On other hand, the calculations of PTW start and PTW end radio frames remain same as defined for Rel-13 eDRX WI and only the PTW values would need to be updated accordantly in NAS and RAN specification. On other hand, our understanding is that the range of 'n' would be chosen by SA2/CT1 considering the overall eDRX behaviour and the loosely synchronization.
Observation 1: It is a preferred solution that the values of the Paging Time Window Length are updated to be multiple of the maximum DRX cycle that could be set within the PTW (i.e. PTW length = n * TDRXmax, for integer n). For eMTC, the PTW values would be multiple of 2.56sec and for NB-IoT, the PTW values would be multiple of 10.24sec. RAN2 understanding is that the range of 'n' would be chosen by SA2/CT1 considering eDRX behaviour and the loosely synchronization.

During NB-IoT, the following agreements were taken on the eDRX discussion as majority of companies agreed that MME can know the values of cell specific DRX cycle and therefore the agreed solution is feasible.
· We can apply eDRX system solution to NB-IoT, and we can apply to NB-IoT PTW decisions that are made for the system level. 
· Align the Paging Window length to a multiple of the DRX cycle for NB-IoT.
· The said DRX cycle is the DRX cycle broadcasted in the cell (for NB-IoT this is the DRX cycle applied by the UE). 
· We will include this information in an LS from the next meeting. 
As proposed in [2], the simpler solution to enable the required change is to modify the unit of PTW to the number of default drx cycles as shown in the table 1 defined in TS 36.304.

Table 1 IE indicating the Paging eDRX parameters as defined in TS 36.304
	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. 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.


Therefore considering NB-IoT agreements and justification provided by majority of the companies our view is that same solution should be adopted for LTE. However if companies were to have concerns, we would prefer to update the eDRX behaviour for both LTE and NB-IoT to have a common mechanism.
Observation 2: Same approach is applied to LTE and NB-IoT when resolving the issue of equal paging opportunities within PTW.

Proposal 1: To define a common solution on LTE and NB-IoT to solve the issue of equal paging opportunities within PTW when using eDRX in idle mode.

Proposal 2: To confirm that the Paging Window length is a multiple of the DRX cycle where this DRX cycle is the DRX cycle broadcast in the cell (as it was agreed for NB-IoT).
Proposal 3: If Proposal 2 is not agreeable, to define the solution described in observation 1 for both LTE and NB-IoT. This other solution defines the PTW multiple of the the maximum paging DRX cycle supported (which for LTE/eMTC is 2.56s and for NB-IoT is 10.24sec).
PTW start radio frame
In the Rel-13 TS 36.304, there are only four radio frames within a Hyper-SFN where PTW starts as described in section 2.1 above. The radio frames where PTW starts are calculated based on the UE_ID and value of eDRX in Hyper-SFN (TeDRX,H). It is indicated [2] that only four start offsets of PTW within a Hyper frame could trigger the issue of false paging or uneven distribution of paging load. 
We conducted an experiment to evaluate the effect of the PTW start SFN. In the scenario, the considered parameters are provided in table 2 in Appendix A. The Figure 1 shows the number of UEs monitoring SFN for paging within a Hyper-SFN. In the figure, “legacy PTW start” refers to the mechanism used to calculate the radio frame where PTW starts based on the Rel-13 defined procedure, as described in section 2.1, and “random PTW start” refers to the mechanism in which the radio frame where PTW starts within the Hyper-SFN is calculated solely based on UE_ID (i.e., SFN = IMSI mod 1024). 

From Figure 1, and corresponding statistics added in Table 3, we see some improvement with “random PTW start” over “legacy PTW start” in that paging occasions are more evenly distributed over the Hyper-SFN. However, the issue of uneven paging load over the Hyper-SFN remains in both cases. A reason for uneven paging load over the Hyper-SFN could be related to the large number of UEs considered and overlapping of the different PTW windows from different UEs with random values of DRX (T) and eDRX (TeDRX, H) cycles. On other hand, we observed that with “legacy PTW start” there are some un-used PF/PO (1% of them) where this is not the case for “random PTW start”.
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Figure 1 No. of UEs monitoring SFN for paging in legacy PTW start (A) and random PTW start (B) 
As previously explain, since MME needs to be aware of the radio frames when PTW starts and ends at UEs, their calculation should not include information of the DRX cycle used by the UE within the PTW.
Observation 3: Although the issue of uneven paging load or false paging over Hyper-SFN remains, calculation of random PTW start (or randomization of start offset of PTW) seems to slightly improve on distribution of the paging load over the calculation of legacy PTW start.
Proposal 4: To discuss whether the mechanism to distribute the PTW start within a Hyper Frame needs to be changed for Rel-13 considering the evaluations provided for both approaches, "legacy PTW start" and "random PTW start".
3 Conclusion

This contribution proposes the following:
Observation 1: It is a preferred solution that the values of the Paging Time Window Length are updated to be multiple of the maximum DRX cycle that could be set within the PTW (i.e. PTW length = n * TDRXmax, for integer n). For eMTC, the PTW values would be multiple of 2.56sec and for NB-IoT, the PTW values would be multiple of 10.24sec. RAN2 understanding is that the range of 'n' would be chosen by SA2/CT1 considering eDRX behaviour and the loosely synchronization.

Observation 2: Same approach is applied to LTE and NB-IoT when resolving the issue of equal paging opportunities within PTW.

Proposal 1: To define a common solution on LTE and NB-IoT to solve the issue of equal paging opportunities within PTW when using eDRX in idle mode.

Proposal 2: To confirm that the Paging Window length is a multiple of the DRX cycle where this DRX cycle is the DRX cycle broadcast in the cell (as it was agreed for NB-IoT).
Proposal 3: If Proposal 2 is not agreeable, to define the solution described in observation 1 for both LTE and NB-IoT. This other solution defines the PTW multiple of the maximum paging DRX cycle supported (which for LTE/eMTC is 2.56s and for NB-IoT is 10.24sec).

Observation 3: Although the issue of uneven paging load or false paging over Hyper-SFN remains, calculation of random PTW start (or randomization of start offset of PTW) seems to slightly improve on distribution of the paging load over the calculation of legacy PTW start.

Proposal 4: To discuss whether the mechanism to distribute the PTW start within a Hyper Frame needs to be changed for Rel-13 considering the evaluations provided for both approaches, "legacy PTW start" and "random PTW start".
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5 Appendices 
Appendix A

Assumed parameters and further details on the statistics related to the results shown in Figure 1 above.
Table 2 Simulation parameters [2]

	Parameter
	Value

	Legacy DRX Cycle
	{32,64,128,256}

	nB
	T (i.e. nB has same value as legacy DRX cycle)

	eDRX Cycle 
	{1,2,4,8,16,32,64,128,256}

	Paging Window Length
	10 sec 

	UE_ID (i.e. IMSI mod 1024)
	 [0,1024)

	Number of devices
	100,000


Table 3 Summary of statistics when observing the second Hyper-SFN in the simulation

	
	Legacy PTW start
	Random PTW start

	Maximum no of UEs monitoring same SFN
	1234
	1180

	Total no. of unused SFN
	11 or 1.074219%
	0%

	Mode of Number of UEs monitoring 
	313
	190

	Total number of UEs scheduled for PO in this H-SFN
	30193
	33120


Appendix B
In this section value of PTW length is changed to 15 sec keeping other parameters same. Also, a new formula “P” for calculating the start offset of PTW as provided in [2] is included. According to this formula, the PTW starts at the first radio frame in the Paging Hyper frame satisfying following condition.
SFN = 64* ieDRX + (T div N)*(UE_ID mod N),

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

It is observed that neither methods are able to solve the issue of uneven paging load within a Hyper frame. The “random PTW start” is preferable among others.

Table 4 Summary of statistics when observing the second Hyper-SFN in the simulation (PTW = 15sec)

	
	Legacy PTW start
	Random PTW start
	PTW start using formula “P”

	Maximum no of UEs monitoring same SFN
	830
	593
	824

	Total no. of unused SFN
	366 or 35.742188%
	0
	248 or 24.218750%

	Mode of Number of UEs monitoring 
	0
	78
	0

	Total number of UEs scheduled for PO in this H-SFN
	24875
	26930
	27118
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Figure 3 No. of UEs monitoring SFN for paging in legacy PTW start (A) and random PTW start (B) (with PTW = 15sec)
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Figure 4 No. of UEs monitoring SFN for paging in new PTW start formula P (with PTW = 15sec)
