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Discussion and decision
1 Introduction

In the RAN2 # 94 meeting, following agreements were made for UEs in lightly connected.
· S1 connection of a UE lightly connected is kept and active, in order to hide the mobility and state transitions from CN. 

· For the UE lightly connected, the RAN initiated paging is feasible and beneficial in terms of signalling reduction as well as decreasing latency from RAN2 perspective. Thus the RAN initiated paging can be introduced from RAN2 perspective.  
 An LS on RAN initiated paging for light connection was sent to RAN 3 to take into account following [1].

· The RAN initiated paging is feasible and beneficial in terms of signaling reduction as well as decreasing the latency.
In this document, we discuss the details on UE ID and DRX cycles to be used in the RAN-initiated paging mechanism. Moreover on this context, we describe the possibility of having the RAN node to configure a new RAN-based paging DRX cycle per UE basis taken into consideration, among others, the UE’s reachability delay requirement. This new DRX cycle is referred as “RAN-based paging DRX cycle”.
2 Discussion

RAN-initiated paging 
This section analyses the initial details of the RAN-initiating paging focusing on the PO/PF calculation, and the RRC paging message itself. Other paging aspects related to the mobility across different cells, is discussed in [2].
Taking into consideration [3], a UE lightly connected is paged via RAN-initiated paging. Therefore there is certain flexibility on how the RAN-initiated paging is designed. As we explained in our previous RAN2 contribution [4], different kind of UE ID(s) could be considered for the PO/PF calculation, as well as, the paging message itself:

· Option a) S-TMSI is used, similarly to legacy paging.

· Option b) Rel-13 UE Resume ID is used.
· Option c) A new network configured ID is defined.
In our understanding, there is no need identified to define a new ID for this purpose when option a) and b) look in principle feasible. Option a) would imply that the same PO/PF locations (and potentially even the RRC msg.) could be shared between UEs paged via RAN-initiated paging and legacy paging (i.e. CN-initiated), however it would require that the eNB gets the S-TMSI from the MME while the UE is ECM_CONNECTED. Option b) would allow certain independency on those aspects as NAS UE ID used for legacy paging would be replaced by the Rel-13 resumeIdentity. However, whichever UE ID (option a, b or c) is considered, only 10 bits of LSB if P-RNTI is monitored in PDCCH and only 14 bits of LSB if P-RNTI is monitored in MPDCCH (for example, UE_ID = S-TMSI mod 1024 or UE_ID = resumeIdentity mod 1024) is used for legacy PO/PF calculations. Therefore this implies that any UE ID would have same impact in the overall paging resource distribution.
Proposal 1. To take as a baseline that legacy PO/PF calculations are used for the RAN-initiated paging.
Proposal 2. To discuss the preference of the UE ID used for the RAN-initiated paging (i.e. for PO/PF calculation and/or paging message): (a) NAS UE ID (i.e. S-TMSI), or (b) Rel-13 UE Resume ID.

Furthermore, it is important to also discuss whether legacy P-RNTI is used or a new one needs to be defined e.g. P-RNTI_2, as well as, whether legacy paging msg. can be re-used or a new one needs to be defined (e.g. in order to accommodate the UE ID proposed in option (b) of proposal 2). 

Proposal 3. To discuss the preference of (a) using legacy RRC paging message (and associated legacy P-RNTI) vs (b) defining a new RRC RAN-initiated paging message (and associated new P-RNTI_2) for UEs in lightly connected.

RAN based paging DRX cycle

Benefits of RAN based paging DRX cycle 
This section analyses the paging DRX cycles to be used for RAN-initiated paging. It is possible for UEs to use the default DRX cycle to monitor a paging message while being lightly connected. In RAN initiated paging, however, RAN has freedom of assigning new values of DRX cycle to a particular UE. We identify, at least, the following benefits when RAN based paging DRX cycle is applied to UEs.

· The RAN based paging DRX cycle is UE specific and is dynamically configured for UEs having different requirements such as Mobility, QoS and traffic pattern.
· RAN based paging DRX cycle can be configured with larger range of values which is beneficial to meet the requirements of different UE reachability delays.

An example of the use case scenario where RAN-based paging DRX cycle is applicable is a low mobile UE. A low mobile UE has low mobility within short range, for example mobility within offices, houses or campus premises. The low mobile UEs might have various data transmission behaviour such as frequent, infrequent or even sporadic. For example, some UEs might need short paging DRX cycles and others long paging DRX cycles under the serving same cell. In such cases, the low mobile UEs would benefit from the configurations of various lengths of the RAN-based paging DRX cycles while being suspended in addition to the benefit of overall signalling reduction.

Proposal 4. To define RAN-based paging DRX cycle which is specific to UEs aiming to provide a more flexible way to meet the different UE's requirements such as mobility, QoS, traffic pattern and MT reachability delays.

Configuration of RAN-based paging DRX cycle

RAN based paging DRX cycle can be configured using RRC connection reconfiguration message or using RRC connection release message during suspend procedure. For this purpose, the value of RAN-based paging DRX cycle can be included in the message. The figure 1 below shows an example of UE transitioning into lightly connected.
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Figure 1 An example of overview of UE in lightly connected [2]
When eNB wants to put the UEs in lightly connected, eNB can use the suspend and resume procedures defined as in the Rel-13 CIoT UP signalling reduction optimization solution [3]. When applicable, eNB configures a RAN-based paging DRX cycle by indicating its value and Rel-13 Resume ID in the RRC connection release message. After receiving the connection release message with the indication of RAN-based DRX cycle and Resume ID, UE can enter the lightly connected and monitor the paging messages using the RAN-based DRX cycle.
Proposal 5. To configure the RAN-based paging DRX cycle by dedicated signalling (e.g. via RRC connection reconfiguration or via RRC connection release).

Range of RAN-based paging DRX cycles
In general, values of the UE specific RAN based paging DRX cycle can be defined similar to the legacy values of the paging DRX cycles and legacy calculations for PO/PF as specified in LTE specification TS 36.301 [5] can be applied. Note that values of Rel-13 legacy default DRX cycle are only 32, 64, 128 and 256 radio frames. For RAN-based paging DRX, we suggest considering more values that could be used, such as, 1, 2, 4, 8, 16, 32, 64, 128, 256 radio frames that are divisors of 1024 (since the frame boundary is at 1024th frame). 
The figures 3 and 4 in Annex A obtained from simulation results based on the scenario of Table 2 show the paging load distributions when values of RAN-based paging DRX such as 8 and 32 radio frames are used with legacy procedure of PO/PF calculations. The results indicate that the values of DRXs such as 8 radio frames which are not defined in Rel-13 are also viable in terms of paging resource distribution. We notice that smaller the paging DRX cycle, higher the paging load. 
It might be desirable that some UEs uses shorter DRX cycles such as 8 and 16 radio frames (80ms and 160ms) which are smaller than the values of legacy default DRX cycles; e.g. UE might start using services requiring smaller MT reachability delays, such as, VoIP and healthcare monitoring.
Proposal 6. To discuss and agree on the values of RAN-based paging DRX cycles to be defined as 2, 4, 8, 16, 32, 64, 128 and 256 radio frames.

When values of the RAN-based paging DRX cycle, for example 5, 6, 15, 20, 30, 45 etc. which are not divisor of 1024 need to be used, the impact because of the legacy procedure for PO/PF calculations assuming value of UE ID used ranges from 0 to 1023 can be summarized in the table 1. 
Table 1 Analysis of RAN-based paging DRX cycle and legacy PO/PF calculations

	
	RAN-based paging DRX value

x
	Example
x = 6 radio frames (60ms)

	PF calculations
	PF at SFN 0 to (1024 mod x)-1 becomes more crowded.
	1024 mod 6 = 4

SFN 0 to 3 have higher paging load than SFN 4 and 5.

	PO calculations
	No impact
	No impact

	parameter nB
	nB which is not a whole number for given x is not used
	Only possible values are
4x, 2x, 1x, x/2

	Delay at frame boundary
	UEs having SFN from 1024 mod x  to x-1  experiences additional delay at the frame boundary
	At the boundary SFN, for UEs whose PFs are at 4 and 5,
PF occurs at 4, 5, 10, 11… 1018, 1019 and again 4, 5 experiencing delay of 10 subframes (instead of just x = 6 subframes) between SFN 1018 and 4.


This impact can be illustrated by the figure 2 considering x = 150 radio frames (i.e. 1.5 sec) and 1024 UEs whose IDs ranges from 0 to 1023. The PFs for all UEs are scheduled within 150 frames. The figure shows that the 7 UEs are scheduled in each SFN from 0 to 123 but only 6 UEs are scheduled in each SFN from 124 to 149. Also, those 6 UEs are not scheduled at the frame boundary because of which they experience longer paging delay. The simulation result in figure 5 in Annex A also shows uneven distribution of PF when x = 50 radio frames.
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Figure 2 Issues of un-even paging resources and additional paging delay for some UEs at the frame boundary when RAN based paging DRX is not divisor of 1024
Observation 1: The Rel-13 legacy procedure for PO/PF calculations can be applied when values of RAN-based paging DRX cycles are divisor of 1024.

Proposal 7. It is FFS to define the PO/PF calculations when values of RAN-based paging DRX cycles which are not divisor of 1024 are defined to meet various UE reachability delays.

3 Summary 
Proposal 1.
To take as a baseline that legacy PO/PF calculations are used for the RAN-initiated paging.
Proposal 2.
To discuss the preference of the UE ID used for the RAN-initiated paging (i.e. for PO/PF calculation and/or paging message): (a) NAS UE ID (i.e. S-TMSI), or (b) Rel-13 UE Resume ID.
Proposal 3.
To discuss the preference of (a) using legacy RRC paging message (and associated legacy P-RNTI) vs (b) defining a new RRC RAN-initiated paging message (and associated new P-RNTI_2) for UEs in lightly connected.
Proposal 4.
To define RAN-based paging DRX cycle which is specific to UEs aiming to provide a more flexible way to meet the different UE's requirements such as mobility, QoS, traffic pattern and MT reachability delays.
Proposal 5.
To configure the RAN-based paging DRX cycle by dedicated signalling (e.g. via RRC connection reconfiguration or via RRC connection release).
Proposal 6.
To discuss and agree on the values of RAN-based paging DRX cycles to be defined as 2, 4, 8, 16, 32, 64, 128 and 256 radio frames.
Proposal 7.
It is FFS to define the PO/PF calculations when values of RAN-based paging DRX cycles which are not divisor of 1024 are defined to meet various UE reachability delays.
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5 Annex A

Table 2 Simulation parameters

	Parameter
	Value

	RAN-based DRX Cycle (T)
	8, 32, 50 radio frames

	nB
	T

	UE_ID (i.e. S-TMSI mod 1024)
	Uniformly distributed over [0,1023]

	Number of devices
	12,000

	Run time
	1024 subframes
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Figure 3 Distribution of paging resources when DRX is set to 8 radio frames using legacy procedure for PO/PF calculations
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Figure 4 Distribution of paging resources when DRX is set to 32 radio frames using legacy procedure for PO/PF calculations
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Figure 5 Distribution of paging resources when DRX is set to 50 radio frames using legacy procedure for PO/PF calculations
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