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1
Introduction
The formula for choosing the frame for paging the UEs should be carefully chosen to ensure even distribution of the UEs among the frames.  We propose a formula to evenly distribute the UEs for all cases, including non-fixed DRX cycles.
2
Discussion
2.1
Effect of UE Specific Paging DRX
A formula for frame hashing is included in [1], the latest 36.304 text.  In [2], SA2 has pointed out the benefit of UE specific paging DRX and has requested RAN2’s consideration.  The formula in [1] may result in uneven allocation of UEs to paging frames in the case of UE specific paging DRX.  In [3], a frame hashing formula is proposed that would evenly allocate UEs to paging frames.
The parameters from [1] are:

N = 2**n, where n = Integer(1,2,3,4,5,6,7,8)

T = 2**t, in 10 ms, where t = Integer(5,6,7,8), resulting in paging DRX cycle length values of 0.32, 0.64, 1.28 and 2.56 seconds.
The formula to calculate the paging occasion from [1] is:

A frame is a paging frame if:
SFN mod T= (T div N)*(UE_ID mod N)
The below table shows the periodicity in frames used for paging with the various possible values for N and T.

	
	N=2
	N=4
	N=8
	N=16
	N=32
	N=64
	N=128
	N=256

	T=32

Periodicity (frames)
	16
	8
	4
	2
	Every
	Invalid
	Invalid
	Invalid

	T=64
Periodicity (frames)
	32
	16
	8
	4
	2
	Every
	Invalid
	Invalid

	T=128
Periodicity (frames)
	64
	32
	16
	8
	4
	2
	Every
	Invalid

	T=256
Periodicity (frames)
	128
	64
	32
	16
	8
	4
	2
	Every


As it can be seen from the table, when different DRX period values are used by different UEs, a different number of available frames would be used for the various DRX values.  For example, if N were 4, 1 of 8 frames would be used for paging UEs with DRX period of 32, but half as many frames would be used for DRX period of 64, a quarter as many frames would be used for DRX period of 128, and an eighth as many frames would be used for DRX period of 256.  Suppose that in a period of 64 frames that there are enough pages for UEs with DRX equal to 256 to fill one frame.  Also, suppose that there are an equal number of pages for UEs with DRX equal to 128, 64, and 32.  The frames used for DRX=256 are shared with UEs using the other DRX values.  As can be seen from the following picture, there will be too much paging load in the frames used for UEs with DRX=256.
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In order to address this, the value of N could be increased to 8.  The result, however, would be that twice as many frames (1 of 4) would then be used for paging.  As can be seen from the following picture, the frames for the UEs with DRX=256 would still be heavily loaded and even a slight increase in the paging load for these frames would require a further increase of N, leading to 1 of 2 frames used for paging.
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In [3], a formula is included that result in even allocation of UEs to paging frames regardless of UE specific DRX period.

Proposal 1:
UEs should be allocated evenly among the frames allocated for paging regardless of UE specific DRX period.
With a simple modification to the formula in [1], the frames for paging can be allocated evenly regardless of DRX period as in [3].  The number of paging groups broadcast in the system information will be applied to the shortest DRX period and larger DRX cycles will have larger numbers of paging occasions per DRX cycle.
The proposed parameters are:

N = 2**n, where n= Integer(0,1,2,3).  Half as many values as in [1] are used.

T = 2**t, in 10 ms, where t = Integer(5,6,7,8), resulting in paging DRX cycle length values of 0.32, 0.64, 1.28 and 2.56 seconds.

The proposed formula to calculate the paging occasion is:

A frame is a paging frame if:

SFN mod T = (8 div N)*(UE_ID mod [2**(log2(N) + log2(T) - 3)]).
The 8 and 3 in the above formula refer to a minimum DRX cycle of 8 frames, 2**3 = 8.  This would allow DRX cycle lengths as small as 80 ms to be added in future releases without any change to the formula.
The below table shows the periodicity in frames used for paging with the various possible values for N and T with the proposed formula.
	
	N=1
	N=2
	N=4
	N=8

	T=32

Periodicity (frames)
	8
	4
	2
	Every

	T=64
Periodicity (frames)
	8
	4
	2
	Every

	T=128
Periodicity (frames)
	8
	4
	2
	Every

	T=256
Periodicity (frames)
	8
	4
	2
	Every


The below picture illustrates the benefit of the proposed change with respect to the above example.  The paging load is distributed more evenly among the frames.  A much higher paging load could be accommodated without allocating more than 1 of 8 frames for paging.
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2.2 Parameters signalled by the network
A parameter, Ns, in [1] is used to specify the number of subframes per frame to be used for paging.  It has been agreed that Ns can be greater than one only when every frame is used for paging (N=8 in proposed paging frame formula), so it would create unnecessary overhead to signal both N and Ns.  It is proposed to combine Ns and N into a single parameter, namely M.  Only the value of M needs to be signalled in system information.  When UE specific DRX is configured, the value of T can be negotiated by dedicated signalling, whereas the UE always uses the value of M sent in system information.
	M
	N
	Ns

	1
	1
	1

	2
	2
	1

	3
	4
	1

	4
	8
	1

	5
	8
	2

	6
	8
	3

	7
	8
	4

	8
	reserved
	reserved


Proposal 2:
The values of T and M should be sent in system information (mandatory present).

Proposal 3:
When UE specific DRX is configured, the value of T can be sent by dedicated signalling, whereas the UE always uses the value of M sent in system information.
3
Conclusion
The below formula for frame hashing will result in more uniform distribution of UEs to frames and will accommodate UE specific paging DRX.      

SFN mod T = (8 div N)*(UE_ID mod [2**(log2(N) + log2(T) - 3)]).
Moreover, in order to reduce the signalling overhead, only the values of T and M should be sent in system information (mandatory present). The parameter M identifies the set of values N and Ns. When UE specific DRX is configured, the value of T can be sent by dedicated signalling, whreas the UE always uses the value of M sent in system information.
4
Proposed Text Changes
The following changes to the text in 36.304 reflect the proposed formula.
7.1
Discontinuous Reception for paging
The UE may use Discontinuous Reception (DRX) in idle mode in order to reduce power consumption. One Paging Occasion (PO) is a subframe where there may be P-RNTI transmitted on PDCCH addressing the paging message. One Paging Frame (PF) is one Radio Frame, which may contain one or multiple Paging Occasion(s). When DRX is used the UE needs only to monitor one P-RNTI per DRX cycle. 
 PF and PO is determined by following formulae using the DRX parameters (FFS) provided in System Information :

PF is given by following equation:

SFN mod T= (8 div N)*(UE_ID mod [2**(log2(N) + log2(T) - 3)])
Index i_s pointing to PO from subframe pattern defined in 7.2 will be derived from following calculation (FFS if Ns = 3 is not supported):

i_s = (UE_ID/N) mod Ns
System Information DRX parameters stored in the UE shall be updated locally in the UE whenever the DRX parameter values are changed in SI. If the UE has no IMSI, for instance when making an emergency call without USIM, the UE shall use as default identity (e.g.  UE_ID = 0 ) in the PF and i_s formulas above.
The following Parameters are used for the calculation of the PF and i_s:

-
N = 2**n, where n= Integer(0,1,2,3).

-
T (i.e. Paging DRX cycle) = 2**t, in radio frames, where t = Integer(5,6,7,8).



-
Ns = 1,2,3 (FFS),4 indicates how many POs are used in a PF


-
UE_ID: IMSI mod 4096. 

The values of N and Ns are signalled by a single parameter M in system information. The values N and Ns are derived from the value of M as below:

	M
	N
	Ns

	1
	1
	1

	2
	2
	1

	3
	4
	1

	4
	8
	1

	5
	8
	2

	6
	8
	3

	7
	8
	4

	8
	reserved
	reserved


The UE should always use the value of M sent in system information, regardless of whether UE specific DRX is configured or not.

IMSI is given as sequence of digits of type Integer(0..9), IMSI shall in the formulae above be interpreted as a decimal integer number, where the first digit given in the sequence represents the highest order digit.

For example:


IMSI = 12 (digit1=1, digit2=2)

In the calculations, this shall be interpreted as the decimal integer "12", not "1x16+2 = 18".
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