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1 Introduction
SA2 LS [1] has requested R2 to provide impact analysis on the potential solutions for UE power consumption optimizations (UEPCOP). This paper analyzes the RAN impact to extend paging cycle for a specific group of devices, e.g. MTC. At the same time, this paper provided challenges of extending paging cycle.
2 Discussion
2.1 General

The current maximum DRX value is 2.56 second, i.e. UE wakes up every 2.56 second. If the current way of calculating paging occasion does not change, the paging cycle extension is limited by SFN wrap around, which is 10.24 second. If longer than that, current way of calculating paging occasion does not work.

Another issue for a very long paging cycle is the relation to mobility. The UE is assumed to do measurements for mobility evaluation at DRX wake up. With a DRX cycle in the magnitude of minutes it is likely that cell reselection does not work and cannot be used, because the UE is likely to have moved a long distance and outside the coverage of the originally camped cell when he wakes up for paging, and the stored cell reselection parameters are not applicable any more.

Another potential issue is that paging occasions are non-synchronized between cells, meaning that when a UE wakes up and is out of coverage of his camped cell, he needs to camp on a new cell to receive paging there, and wait (in sleep mode) for pages there. For UEs that don’t change cell very often, this may involve increased risk of missing pages. For a faster moving UEs that changes coverage cell many times during paging DRX sleep, the result may be that the paging wakeup time is always wrong, i.e. that it is always calculated based on a old camped cell for which the UE is not in coverage when he wakes up.

The impact and complexity seems to depend on the requirements. If DRX cycle is extended up to ~10 second, it seems feasible to just extend the current principles. If DRX cycle is extended to the magnitude of minutes or more, it seems that the impact is much bigger, more discussions is needed, e.g. on the impact to mobility.

Proposal 1:
RAN2 shall investigate the impact of Idle mode DRX cycle extension considering two ambition levels,
a) minor extension for up to ~10 second magnitude;
b) major extension for beyond few ten of seconds or even minutes or more magnitude.

2.2 Paging cycle choice
In the legacy design, the paging cycle (T in [3]) is determined by the shortest of the UE specific DRX value (allocated by upper layer) and a default DRX value (cell specific, broadcasted in system information). In order to support the paging cycle extension, the mechanism to decide DRX value needs to be modified. In general, when extended DRX value is assigned by upper layer, the MTC UE shall use the value regardless of the cell specific value. Since the cell specific DRX value is always smaller than the extended DRX value for the MTC UEs, the MIN( ) function should be disabled to allow the actual usage of the extended DRX value. Such modified behaviors of MTC UEs shall be clear to the serving eNB and MME. There is limited impact to the UE, eNB and for the paging signaling.
Proposal 2:
When extended DRX value is configured, UE shall just use the UE specific DRX value and ignore the broadcasted default DRX value.
2.3 Paging occasion calculation

The current maximum DRX value is 2.56 second, i.e. UE wakes up 1 subframe every 2.56 s. If the current way of calculating paging occasion does not change, the paging cycle extension is actually limited by SFN wrap around, which is 10.24 seconds. If longer than that, current way of calculating paging occasion does not work anymore. For MTC like usage, the required DRX is longer than that, e.g. at least few tens of seconds or few minutes. To reach that target, new ways of calculating paging occasion is needed.
Observation 1:
Legacy paging occasion calculation only works until DRX value equal to 10.24 second. If longer DRX values are required, we need new ways to calculate paging occasion.

A straight-forward way is to have ways to extend SFN, therefore, we proposed it shall be considered as a potential solution.
If SFN is extended, UE_ID modification needs to be considered too. In legacy mechanism, UE_ID has 10 bits, in the range of 0~1023. Paging messages are evenly distributed to at most 1024 groups of UEs in one cycle. If paging cycle and/or SFN is extended, there may be more than 1024 paging occasions in one paging cycle. In order to distribute paging load evenly in the available paging occasion in the DRX cycle, we shall also have ways to extend UE_ID along with paging cycle.

Proposal 3:
Consider “SFN extension” as a potential solution for “Paging occasion calculation”.

2.4 Paging robustness

In some extreme scenarios for MTC UEs, a very long paging cycle (up to few minutes) is required. To achieve power saving, UEs would switch off between paging occasions and only wake up before their paging occasions. Since the paging cycle is very long, the network configuration may be changed. Thus, UE might need to go through a re-sync process with the network, e.g. TAU, etc., for every wake up. It also might have to re-obtain the system information before monitoring paging channel. 
Since currently there is only one paging occasion in one extended paging cycle, the risk that the UE misses the paging become higher due to that it may not be ready quickly enough after the long sleep. If the UE is not ready before its paging occasion and misses the paging, it has to switch off and wait for the next one. The extended delay may cause problem and there is no guarantee that the UE would be able to be ready in time for the next paging occasion.
With a DRX cycle in the magnitude of minutes it is likely that cell reselection does not work because the UE is unlikely to remain in the coverage of the originally camped cell when he wakes up for paging, and the stored cell reselection parameters are not applicable any more. Therefore, the UE should probably just do cell selection instead of cell reselection.
Another potential issue is that paging occasions are non-synchronized between cells, meaning that when a UE wakes up and is out of coverage of his camped cell, he needs to camp on a new cell to receive paging there, and wait (in sleep mode) for pages there. For UEs that don’t change cell very often, this may involve increased risk of missing pages. For a faster moving UEs that changes coverage cell many times during paging DRX sleep, the result may be that the paging wakeup time is always wrong, i.e. that it is always calculated based on a old camped cell for which the UE is not in coverage when he wakes up.

Observation 2:
For extremely long DRX value, the risk of paging loss is significant. 

Proposal 4:
Consider enhancements for “Paging robustness”.
3 Conclusion
We has following proposals for discussion and proposed to include those items in the TR.
Proposal 1:
RAN2 shall investigate the impact of Idle mode DRX cycle extension considering two ambition levels,

a) minor extension for up to ~10 second magnitude;

b) major extension for beyond few ten of seconds or even minutes or more magnitude.

Proposal 2:
When extended DRX value is configured, UE shall just use the UE specific DRX value and ignore the broadcasted default DRX value.

Proposal 3:
Consider “SFN extension” as a potential solution for “Paging occasion calculation”.

Proposal 4:
Consider enhancements for “Paging robustness”.
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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 PO per DRX cycle.

PF and PO is determined by following formulae using the DRX parameters provided in System Information:

PF is given by following equation:

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

Index i_s pointing to PO from subframe pattern defined in 7.2 will be derived from following calculation:

i_s = floor(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 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:

-
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, T/32.

-
N: min(T,nB)

-
Ns: max(1,nB/T)

-
UE_ID: IMSI mod 1024.

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".
7.2
Subframe Patterns

FDD:

	Ns
	PO when i_s=0
	PO when i_s=1
	PO when i_s=2
	PO when i_s=3

	1
	9
	N/A
	N/A
	N/A

	2
	4
	9
	N/A
	N/A

	4
	0
	4
	5
	9


TDD (all UL/DL configurations):
	Ns
	PO when i_s=0
	PO when i_s=1
	PO when i_s=2
	PO when i_s=3

	1
	0
	N/A
	N/A
	N/A

	2
	0
	5
	N/A
	N/A

	4
	0
	1
	5
	6
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