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1
Introduction
In last RAN2#60bis meeting some decisions on the paging occasion calculation were made, but still some open items related to subframe level paging occasion calculation were left especially due to MBSFN and TDD complications. .  .
2
DRX Paging occasions
2.1

Paging occasion equation

2.1.1
Parameters

Paging group count, N = 2**n, where n= Integer(0,1,2,3,4,5,6,7,8) requiring 4 bits where n is provided by System Information. In order to allow scenarios where lots of UEs are paged often it is good to have possibility to divide UEs into paging groups, thus avoiding very large paging messages. (Note: paging group count may also include the subframe level paging groups)
Paging DRX period, T = 2**i, where i is provided by System Information or RRC signalling or RRC direct transfer messages.  i = Integer(5,,8) – requiring 2 bits. Thus the paging DRX cycle length gets values 0.32, 0.64, 1.28 and 2.56. Note that T is a multiple of 10 ms and thus the DRX cycle length is 10 ms * T.

Subframe paging group count NS, where NS defines how many eligible subframes are used for paging and thus defines how many subframe level paging groups are used. Subframe level paging occasion formula is required to distribute the UE’s to subframe level paging - see section 2.1.4 for details. Note that it has been proposed that NS is included to T and NS would then be computed as NS = N/T when N>T and in that case multiple of 2 subframes in radio frame would be used for paging.
2.1.2
Equation for Radio Frame level paging groups
In this equation, the full length SFN is used, UE keeps the SFN synchronization to 10 bits of accuracy (radio frame based counter). As this equation just determines a radio frame of the possible paging, we would suggest that system information broadcasts a parameter that defines in which subframe(s) of the radio frame paging message may be transmitted, thus reducing UE on time to minimum. 

According to newest 36.304 version the UEs will determine their paging occasion based on a match of right and left side of the equation:

(1) SFN mod T == (T /N)*(IMSI512 mod N)

Thus parameters that need to be transmitted on broadcast channel or through dedicated signalling for paging DRX purposes are:

N (3bits): Enumerated(2,4,8,16,32,64,128,256 groups). Note that the maximum value of n depends on the value of T 

T (2bits): Enumerated(32,64,128,256 radioframes)
Purpose of the multiplier (T/N) in formula (1) is to distribute the UE’s more evenly to the DL-SCH. Without it, all UE groups would be assigned to successive DL-SCH frames and this would make it more difficult for the scheduler to allocate DL-SCH U-Plane and C-Plane (in this case the PCH) to the DL-SCH. Note that this multiplier works only if it is larger or equal to 1.

It has been decided that eNB is not a secure enough node to store the UE permanent NAS identity, thus to compute the right side of the equation in 2.1.2 the eNB needs to get the value e.g. IMSI512 = IMSI mod 512 as it can then be used to compute the IMSI mod Paging_Group_Count in eNB and yields the same result as with the full length IMSI. The value IMSI512 needs to be sent in a S1AP message in MME <> eNB interface. 

2.1.3
Higher granularity for radio frame level paging groups

The granularity of 2’s power for radioframe paging groups seems sufficient for LTE. It is true that for the longer DRX periods and for large paging areas higher granularity would enable higher level optimization of the paging group count and have statistically more radio frames available for packet traffic. However, the gains do not appear to be big enough to justify the resulted additional complexity and more bits needed for the number of paging group parameter in System Information. If there is a clear requirement for more granularity, the most simple change is to change the paging occasion formula with addition of Integer operation (INT(…)) and resizing the Paging_Group_Count from 3 to 7 bits.

SFN mod T == INT( (T /N)*(IMSI512 mod N))

Note that if higher granularity is utilized, in addition to eNB (see 2.2), also the UE needs to use the mod scrambled IMSI value. Otherwise the computed paging occasions in UE and eNB do not match.

If higher radio frame level granularity is needed, then additional bits and new definition is needed for N, where N= Integer(1..256) requiring 8 bits is provided by System Information. 
In this contribution it is assumed that there is a limit of maximum of 256 radio frame level paging groups. This largest possible amount of (radio frame level) paging groups corresponds to T corresponding to 2.56 seconds.

2.1.4 Paging occasion at subframe level

2.1.4.1 The MBSFN, TDD and Paging subframe allocations

MBMS may not be included in 3GPP LTE Release 8, but it is necessary to ensure that the release 8 terminals will be compatible with the any LTE release supporting MBMS. For that purpose the release 8 terminals need to apply paging only to subframes not allocated to MBSFN. So it is not enough just to define the amount of subframes for paging, but we need additionally to enable MBSFN subframe level allocation mapping.

TDD has 8 different subframe patterns and depending on the chosen pattern, there are 0-6 subframes eligible for MBSFN allocation as subframes #0 and #5 cannot be used for MBSFN as they are used to convey MIB/SIB-1. This does not restrict the usage of those subframes for paging. 
In case of MBSFN and TDD subframe configuration changes, the subframe level paging occasion formula remains the same, but the formula is applied only to eligible subframes after the subframes reserved for other MBSFN or TDD (or any other purposes) uplink are filtered out. For TDD this kind of approach seems very suitable, but for MBSFN one could of course consider some more advanced mechnanisms as this kind of method does not provide best possible usage of radio/subframes as MBMSFN may not be present in every radioframe, but as it is anyway possible from standardization point of view it might be easiest to consider MBMS to be present in every radioframe and not let it affect radioframe level calculation. 
2.1.4.2 The formula of paging occasion at subframe level
In RAN2#60bis it was decided that there is only one parameter in System Information, which indicates the total amount of radio frame and subframe paging occasions. And further it was decided that subframe paging occasions are only used when N > T. As a consequence – if we use 2’s power to indicate the total amount of paging groups, the subframe level paging occasions are also indicated as powers of 2. i.e. possible amounts are 1,2,4 and 8. But It seems however that at the subframe level we need better granularity for paging occasion count as e.g. in TDD it is difficult to reserve just correct amount of subframes as TDD allocation may give uneven amount of subframes per radioframe..
If required instead of using fixed subframe in the radio frame for paging, an additional equation can be used to compute paging occasion in the subframe level. This can be done with similar equation as above but instead of using SFN we would just use 1…10 subframes of radioframe and to divide UEs from radioframe level to subframe level. Note that equation gives indexes to subsection of subframes defined by the broadcasted offset value.
The subframe allocation patterns for MBSFN and subframe pattern for TDD leave a set of subframes available for paging occasions. The paging occasions at the subframe level can use these available subframes – thus the paging occasion subframes may not be consecutive. The order these subframes are used in the formula is based on the order of occurrence in time. See table 1 for example subframe allocation where subframs 3,4,7 are reserved for MBMS (or TDD UL) and subframes 1&5 for MIB/SIB-1 i.e. thus leaving subframes 1,2,5,6,8,9&10 for paging purposes. Then in the paging subframe calculation SF#2 would have index 0, SF#6 index 1 etc… 
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Table 1: Example subframe allocation
Equation is thus:

Paging Subframe = ((IMSI/N) mod NS) for UE and
Paging Subframe = (IMSI512/N mod NS) for eNB

Note that if NS value is not a power of 2, both the UE and eNB need to use IMSI512. In the paging subframe calculation IMSI is divided by N in order to avoid usage of same bits as for radioframe level calculation. 
The subframe level paging parameters which are optionally sent in system information broadcast is
NS (3 bits): Enumerated (2,3,4,5,6,7,8,9 groups). Optional, defines the amount of subframes used for paging; If not sent a single subframe in a radio frame is used for paging (SF with index 0). 
3
Conclusion
In this paper we presented needed parameters and formula for subframe level synhronization for paging between UE and eNB. 
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