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1. Introduction

In the RAN2#102 breakout session on idle mode procedures, and in particular during the discussion on the paging procedure for idle and inactive, the following potential agreements were discussed for the configuration of paging frames in the case of non-default association:

Agreements for non-default association:

1
Adopt the following formula to derive a first reference point which satisfies:

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

Where, 

T: DRX cycle of the UE. T is determined by the shortest of the UE specific DRX value, if allocated by upper layers, and a default DRX value broadcast in system information. If UE specific DRX is not configured by upper layers, the default value is applied.
nB: 4T, 2T, T, T/2, T/4, T/8, T/16

N: min(T, nB)

UE_ID: IMSI mod 1024.
2
Parameters nB, length of default DRX Cycle and offset is signaled in system information.
3
Add an offset to the first reference point to find the paging reference PF. The offset is configurable
This potential agreement in effect proposes to essentially reuse the LTE formula for the calculation of paging frames for NR. The impact of taking this formula as is, is that it ties the density of paging frames in a DRX cycle with the number of paging occasions, such that each paging frame can only be associated with a single paging occasion until all radio frames have been defined as paging frames. Only after all the radio frames in a DRX cycle have been exhausted, can more than one paging occasion be associated with a paging frame. 
In NR this has a distinct disadvantage that did not exist in LTE which has been pointed out and discussed in numerous previous contributions to RAN2, and that is that using radio frames far from an SSB or SMTC window for paging will significantly impact UE power consumption [1] [2]. In addition, as pointed out in [3], limiting paging frames to be close to SSBs is useful to limit base station power consumption, especially in lightly loaded conditions.
During the discussion it was pointed out that an operator can choose to restrict paging frames to a subset of all radio frames (e.g. radio frames associated with an SSB or close to an SMTC window) by restricting the number of paging occasions within the paging cycle (nB). However, the impact of this is that it will severely limit paging capacity, which has already been shown to be inferior to LTE paging capacity in many scenarios [4]. The result is that operators deploying NR paging will be forced to select between maintaining low battery drain for idle/inactive UEs (by restricting nB), or maintaining adequate paging capacity. We believe that this tradeoff is unacceptable from a deployment perspective, and we should not agree to this limitation for Rel. 15.
In this contribution we propose a simple modification to the above formula that would allow paging capacity (nB) to scale independently of the number of paging frames in a DRX cycle (N). This modification is completely backwards compatible with the baseline LTE formula for paging frames and paging occasions, and would simply require one additional parameter to be introduced to achieve this objective.
2. Discussion
2.1. LTE paging frame and paging occasion calculation

It is clear from the LTE formulae for paging frame and paging occasions, that there are essentially only two choices for defining occurrences of paging occasions:

SFN mod T = (T div N)*(UE_ID mod N)
N: min(T, nB)
i_s = floor (UE_ID/N) mod Ns where, Ns = max (1, nB/T)
a. One paging occasion per paging frame, if the number of paging occasions in a DRX cycle (nB) ≤ the number of frames in a DRX cycle (T).

In this case, the number of paging frames in the paging cycle is N = min(T, nB) = nB ≤ T;
with only one paging occasion in each paging frame Ns = max (1, nB/T) = 1
b. Every radio frame is a paging frame, but with more than one paging occasion in each paging frame, if the paging occasions in a DRX cycle (nB) > the number of frames in a DRX cycle (T).

In this case, the number of paging frames in the paging cycle is N = min(T, nB) = T;
with more than one paging occasion in each paging frame Ns = max (1, nB/T) = nB/T > 1
Observation 1: In LTE the number of paging frames in a DRX cycle N is limited by the smaller of nB and T.
Note that Ns is the number of paging occasions in a paging frame. Since this only exceeds 1 if N = T (case b), a totally equivalent formulation would be achieved by replacing nB/T in the Ns formula with nB/N.

Observation 2: An equivalent formulation of paging frames and paging occasions in LTE can be defined as:

SFN mod T = (T div N)*(UE_ID mod N)
N: min(T, nB)
i_s = floor (UE_ID/N) mod Ns where, Ns = max (1, nB/N)

Recall that our objective is to decouple the number of paging frames in a DRX cycle N from the number of paging occasions nB.  To that end, this alternative formulation is simpler, in the sense that only the actual number of paging frames N would appear in the formula for Ns.

Observation 3: The equivalent formulation of Ns discussed above would be simpler to use if we decouple N from nB, as only the actual number of paging frames N would appear in the formula for Ns, rather than the total number of radio frames T.
2.2. Independent scaling of paging frames and paging occasions
As discussed in the introduction, it is not acceptable in NR to force operators to choose between paging capacity and UE battery life. This coupling is due to the limitation of the LTE PF formula, which does not allow for paging frames to be defined independently of nB. We think it is essential to decouple these concepts in NR, so that certain radio frames can be preferentially configured as paging frames, without limiting the paging capacity (number of paging occasions in a paging cycle).
A simple way to achieve this goal would be to add a single configurable parameter to define the maximum number of paging frames in a DRX cycle, which could be lower than the total number of radio frames T.

N = min(PFMax, nB), where PFMax is the maximum number of paging frames within a DRX cycle (PFMax ≤ T)
By using such an approach the operator can preferentially select a subset of frames in the DRX cycle as paging frames, without exhausting all possible radio frames in the cycle. Of course the LTE baseline can be achieved by simply setting: 

PFMax = T

Then each of these radio frames can reference one or more paging occasion by using the formula from observation 2 above, without any further modifications:

i_s = floor (UE_ID/N) mod Ns where, Ns = max (1, nB/N)
Observation 4: Independent scaling of paging frames and paging occasions can be achieved with a simple modification to the baseline LTE formulas as follows:
SFN mod T = (T div N)*(UE_ID mod N)
N = min(PFMax, nB)
where PFMax is the maximum number of paging frames within a DRX cycle (PFMax ≤ T)
i_s = floor (UE_ID/N) mod Ns where, Ns = max (1, nB/N)
Observation 5: The LTE baseline paging frame/paging occasion formulation is simply achieved by setting PFMax = T.

Proposal 1: Adopt the following formulas for non-default association:
SFN mod T = (T div N)*(UE_ID mod N)

N = min(PFMax, nB)

where PFMax is the maximum number of paging frames within a DRX cycle (PFMax ≤ T)

i_s = floor (UE_ID/N) mod Ns where, Ns = max (1, nB/N)N
Since the LTE baseline calculation for SFN of a paging frame is retained, this means that restricting the paging frames in this way will still result in a uniform distribution of paging frames within a DRX cycle.
Observation 6: The selected paging frames (N) are uniformly distributed within a DRX cycle.

Then the only question remaining is how to configure PFMax, and what are possible values that PFMax should be allowed to take on?

As indicated in the introduction, several previous contributions have espoused the value of aligning paging frames with SSBs or SMTC windows [1]. In both cases, the periodicity of radio frames containing SSB or SMTC window are defined from the set {10, 20, 40, 80, 160} msec. Therefore, it should be sufficient to restrict PFMax accordingly. 
Proposal 2: Restrict PFMax to the following set of values: PFMax: T, T/2, T/4, T/8, T/16

Finally, combining proposals 1 and 2 together, we have the following proposed formulation for the definition of paging frames and paging occasions in the non-default association case:
Proposal 3: Modify the previous agreement on paging frames and paging occasions for non-default association as follows:


[image: image1]
3. Conclusion

In the paper we discuss the implication of adopting the LTE formula for paging frames as is for NR non-default association. We believe that this would result in an unacceptable tradeoff from a deployment perspective, forcing operators to choose between paging capacity and UE battery life. Therefore, we should not agree to this limitation for Rel. 15.
We propose a simple modification to the formula to add one parameter to enable independent scaling of paging occasions and paging frames:
Proposal 3: Modify the previous agreement on paging frames and paging occasions for non-default association as follows:
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In the case of non-default association: 


1. Define paging frames and paging occasions as follows:


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


Where, 


T: DRX cycle of the UE. T is determined by the shortest of the UE specific DRX value, if allocated by upper layers, and a default DRX value broadcast in system information. If UE specific DRX is not configured by upper layers, the default value is applied.


N = min(PFMax, nB)


PFMax is the maximum number of paging frames within a DRX cycle


PFMax: T, T/2, T/4, T/8, T/16


nB: 4T, 2T, T, T/2, T/4, T/8, T/16


i_s = floor (UE_ID/N) mod Ns where, Ns = max (1, nB/N)


UE_ID: IMSI mod 1024.


2.	Parameters nB, length of default DRX Cycle T, maximum number of paging frames within a DRX cycle PFMax, and Offset are signaled in system information.


3.	Add an offset to the first reference point to find the paging reference PF. The offset is configurable
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