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Discussion and decision
1.  Introduction
Regarding the formula to calculate idle mode paging occasions, the basic principles were agreed in RAN2#61. This paper proposes the concrete method to determine the paging occasion, based on the principles that were agreed.
2. Discussion
2.1  Recap of agreements from RAN2#60bis

The following principles were agreed in RAN2#60bis with regards to paging [1]:
· Radio frame calculation:
· Paging occasions are evenly distributed in time throughout the DRX cycle;
· Allow to not have a paging occasion every radio frame.
· Subframe calculation:

· Subframe location will be fixed in the specifications by a table mapping the number of paging occasions per radio frame to the subframe numbers used. The mapping will potentially be different for FDD/TDD.
· More than 1 subframe per radio frame can be configured only when there is a paging occasion every radio frame.
· How to cope with MBSFN is FFS;
· The number of paging occasions per radio frame is assumed to be configurable by powers of two. This can be revisited if any issue is found with this assumption, or if found that such a restriction is not necessary.
2.2  Proposals
2.2.1  Avoiding collision with MBSFN
One of the questions raised in RAN2#60bis was how the paging formula copes with MBSFN. A general consensus was that the paging occasions should avoid collision with MBSFN subframes, and it was left FFS how these two would work together. It should be noted that MBMS work is given a lower priority in Rel-8, and an LS from RAN1 [4] has indicated no critical issues with regards to how MBSFN subframes shall be defined. It seems that MBSFN subframe configurability can be decided based mostly on operator requirements, such as the required granularity of the configurable amount of MBSFN subframes. However, this seems to require more time to conclude. Since paging is a fundamental part of the core LTE specifications, it is undesirable if details of paging are left pending due to MBMS work. As such, it is proposed that the paging formula is decided first. RAN2 can define MBSFN subframes such that they avoid paging occasions, when MBMS is discussed later on.

Proposal 1:
The paging formula should be decided first. RAN2 can define MBSFN subframes such that they avoid paging occasions, when MBMS is discussed later on.
2.2.2  The formula
There are a number of ways to calculate the paging occasion, that will evenly distribute the paging occasions of different UEs throughout the DRX cycle. However, a simple formula should be chosen to avoid any unnecessary complexity. For convenience, in the sequel, the UE ID to be used for determining the paging occasions is denoted by U, the DRX cycle in number of radio frames by T, and the total number of paging occasions within the DRX cycle by N. These three are the fundamental and in fact the only parameters needed to determine the paging occasion. Note that considering the coding efficiency, some optimisation is still possible when it comes to signalling, as discussed in 2.2.3. Also, as indicated in the LS received from SA2 [5], the actual UE ID to be used will be “IMSI mod M” where M >= 5120 (exact value is FFS).
Table 1 summarises three viable alternatives for the paging formula. Assuming that the length of the UE ID is 12 bits, three examples are shown how the bits from UE ID are used to determine the radio frame and subframe. Note that 
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Table 1  Paging formula alternatives.

	
	Alternative 1
	Alternative 2
	Alternative 3

	Radio frame
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	Subframe index
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	Example 1

T = 128

N/T = 4
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	Example 2

T = 32

N/T = 8
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	Example 3

T = 64

N/T = 1/4
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	Description
	LSBs of UE ID are used for radio frame calculation, and MSBs are used for subframe calculation. The bits used for calculation depend on the values of T and N.
	MSBs of UE ID are used for radio frame calculation, and LSBs are used for subframe calculation. The bits used for calculation depend on the values of T and N.
	Similar to Alt.2 but the bit split is fixed irrespective of the values of T and N. This is achieved by using U/16 in the radio frame formula (this is just an example to cover in case max 10 paging subframes can be configured per radio frame).


Alternative 3 seems advantageous in the sense that when T > N, a change in N does not impact the radio frames. That is, the paging capacity can be changed without impacting the radio frames as long as T > N. However, this is not the case when N > T, and the benefit does not seem to be so important either. Given the simplicity and the natural use of bits, i.e., MSBs for radio frames and LSBs for subframes, we propose Alt.2 to be adopted.
Proposal 2:
For the paging formula, Alt.2 should be adopted.
2.2.3  Subframe mapping
The principle agreed in RAN2#60bis was that the subframe location will be fixed in the specifications by a table mapping the number of paging occasions per radio frame to the subframe numbers used. Since subframe #0 is used for BCH and #5 is used for SI-1, using other subframes for paging seems sensible. As such, the subframe mapping shown in Table 2 is proposed for FDD. For TDD, a separate table can be configured such that it best suits TDD, although alignment with FDD is desirable.
Increasing the number of paging subframes per radio frame increases the paging capacity, while incurring more overhead for PDCCH signallings and in case of system information change. Since four subframes per radio frame would provide up to 40% of the system capacity to be usable for paging, there is no strong motivation to allocate more than four subframes per radio frame. From the paging formula proposed in 2.2.2, there is no need to restrict the number of paging occasions per radio frame to be powers of two, e.g., three paging occasions per radio frame is also possible. However, there seems to be no strong motivation to support such configuration either. Any unnecessary flexibility should be avoided to minimise the signalling overhead. As such, the value ranges shown in Table 2 seems sufficient and should be considered as a starting point. The details can be revisited after the paging message size becomes clear. It is also suggested that RAN1 is consulted whether the mappings shown in Table 2 are appropriate or any other mapping is better considering efficient reception of other channels, e.g., BCH. It is expected that using subframe #9 would facilitate reception of BCH, when system information change is notified. Then, using subframe #4 would be beneficial to distribute the RACH load when PRACH resources are configured at intervals of 5 ms or shorter. Whether such consideration is beneficial can be confirmed with RAN1.
Proposal 3:
For the paging subframe mapping, the mapping shown in Table 2 should be adopted as a starting point for FDD. RAN1 shall be consulted whether the mappings shown in Table 2 are appropriate or any other mapping is better.
Table 2  Subframe mapping for FDD.

	Pattern ID
	Number of paging subframes per radio frame Nfr
	Description
	Mapping
	Paging capacity when full bandwidth is used

	1
	1/4
	1 paging occasion per 4 radio frames
	i = 0 ( subframe #9
	2.5%

	2
	1/2
	1 paging occasion per 2 radio frames
	i = 0 ( subframe #9
	5%

	3
	1
	1 paging occasion per radio frame
	i = 0 ( subframe #9
	10%

	4
	2
	2 paging occasions per radio frame
	i = 0 ( subframe #9
i = 1 ( subframe #4
	20%

	5
	4
	4 paging occasions per 4 radio frame
	i = 0 ( subframe #9
i = 1 ( subframe #4
i = 2 ( subframe #8
i = 3 ( subframe #3
	40%

	6
	Reserved
	-
	-
	-

	7
	Reserved
	-
	-
	-

	8
	Reserved
	-
	-
	-


2.2.4  Configuration signalling
The only parameters necessary for the paging formula are the variables T (the paging DRX in number of radio frames) and N (the number of total paging occasions within the paging DRX interval), according to 2.2.2. However, signalling the actual value of N would cause unnecessary overhead. Signalling the number of paging subframes per radio frame (namely Nfr) or the pattern ID, as indicated in Table 2, is more efficient. Then N can be determined by N = TNfr. This will work also when a UE specific DRX cycle T is specified.
Proposal 4:
For paging configuration, the paging DRX interval T and the subframe mapping pattern ID should be signalled by a SIB. No other parameters are necessary.

Proposal 5:
The same principle should apply also when a UE specific DRX is specified, i.e., the same formula and the subframe mapping pattern should apply. Only the value of T should be configurable per UE by dedicated signalling.
Currently, the agreed paging DRX intervals are 320, 640, 1280, and 2560 ms. As such, the maximum value of T is 256. Then, if Table 2 is agreeable, the maximum number of paging subframes per radio frame Nfr is 4. As such, the maximum number of configurable paging occasions per DRX interval N would be 1024. Hence, 10 bits of UE ID are necessary to distribute the UEs across all paging occasions. It would be desirable, from security perspective, if the number of bits signalled over S1 is minimised as the UE ID represents a part of IMSI. It is suggested that RAN2 sends an LS to SA2, SA3, and CT1 once the maximum values of T and Nfr are consolidated, so the number of bits sent over S1 for the UE ID can be minimised.
3. Conclusions
In summary the followings were proposed.
Proposal 1:
The paging formula should be decided first. RAN2 can define MBSFN subframes such that they avoid paging occasions, when MBMS is discussed later on.
Proposal 2:
The following paging formula should be adopted, where T is the paging DRX interval in number of radio frames, N is the total number of paging occasions within a DRX interval, and Nfr is the number of paging occasions per radio frame.
· Radio frame calculation:
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· Subframe calculation:
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Proposal 3:
For the paging subframe mapping, the mapping shown in Table 2 should be adopted as a starting point for FDD. RAN1 shall be consulted whether the mappings shown in Table 2 are appropriate or any other mapping is better.
Proposal 4:
For paging configuration, the paging DRX interval T and the subframe mapping pattern ID should be signalled by a SIB. No other parameters are necessary.

Proposal 5:
The same principle should apply also when a UE specific DRX is specified, i.e., the same formula and the subframe mapping pattern should apply. Only the value of T should be configurable per UE by dedicated signalling.
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