
3GPP TSG-RAN2#91
R2-153240
24th – 28th August 2015
Beijing, China
Source:                    
NTT DOCOMO, INC.
Title:  
Operator requirements for Idle-eDRX solution
Document for:        
Discussion and Approval
Agenda Item:         
7.10.1
1. Introduction
SA2 has been working on solutions for what triggers UE wake up in Idle-eDRX (SFN based or timer based), and ask RAN2 to decide which solutions to be adopted [1]. In addition, from the previous meeting, RAN2 has been discussing how the paging reliability (repetition) for Idle-eDRX can be provided. This document reviews the operator and market requirements that motivate this work to ensure that adopted solution satisfies those requirements. 
2. Discussion
In the previous RAN2 meetings and based on discussion in SA2, the following are the solutions identified so far.

Solution 1: SFN based (Hyper SFN) [2, 3]
Hyper SFN concept is defined, which consist of one SFN cycle (10.24 s). The eDRX cycle (TeDRX) is defined as multiple of Hyper SFN. To monitor paging, Paging Hyper Frame is defined, in which several paging messages can be transmitted. Paging monitoring is according to the legacy PO,PF calculation using legacy Idle-DRX cycle..
Solution 2: Event based timer [4, 5]
eDRX cycle (TeDRX) is defined, and started at the transmission of Attach/TAU Accept in the CN, and at the reception of Attach/TAU Accept at the UE. Tref is defined as a means to synchronize the TeDRX in UE and CN. To monitor paging, a window (Paging Transmission Window (PTW) with length of TPTW) is defined, in which several paging messages can be transmitted. Paging monitoring is according to the legacy PO,PF calculation using legacy Idle-DRX cycle.

Solution 3: Absolute (UTC) timer (with possibility of fallback to solution 2) [6]



Based on solution 2 where the Tref is using absolute time reference (UTC).

In the following subsections we will review the relevant requirements that need to be taken into account when deciding which solution to adopt.
2.1
 Synchronization requirements
Based on discussion in [2, 3], solution 1 requires a rough time synchronization (hyper-SFN level of 10.24 s) if moving terminal (cell selection, reselection) is considered. Thus, it is our understanding that for non-moving terminal, solution 1 works even without (rough) network synchronization. For solution 2, based on the description in [4, 5], this solution rely on a Tref, a time reference to synchronise the start of TeDRX in the UE and MME. It is not clear to us how the NW and UE can be synchronized in a non-synchronized network and whether periodical TAU (or other NAS procedure) is needed to re-synchronize the start of TeDRX. For solution 3, our understanding is that this solution requires for all the the network equipment (not only among eNBs, but also between MME and eNBs) to be synchronized, i.e., all the network nodes has the same absolute time reference. Furthermore, we understand that there is no requirement difference due to UE mobility in solution 2 and 3.

Table 1: Sync requirement and Idle-eDRX solutions

	
	Solution 1: Hyper SFN based
	Solution 2: Event based (TeDRX)
	Solution 3: Solution 2 with absolute time reference

	Level of required synchronization
	Overlap within Hyper SFN length (1024 ms) 
	??
	Absolute time reference (e.g., GPS level)

	Sync requirement due to mobility
	NW sync is needed to support UE mobility 
	Mobility agnostic
	UE mobility agnostic


LTE system (FDD) is based on the assumption that time- synchronization between eNBs is not a mandatory. Therefore, the solution for Idle-eDRX should also take into account the network that is not time-synchronized. In other word, any solution adopted in eDRX work shall not mandate any network (time) synchronization and shall also work in network without time-synchronization.

Proposal 1: Adopted solution for eDRX should work (in good accuracy) in the networks without time synchronization 

Proposal 2: Network synchronization should not be made mandatory assumption
2.2.
 Battery saving requirement and paging repetition
In all identified solutions (solution 1 and 2/3), paging repetition is considered to avoid too long UE response time. All solutions proposed that once the UE wakes up, the legacy behaviour of paging monitoring (i.e., calculation of PO and PF) is applied using legacy Idle-DRX cycle. In solution 1, the repetition is performed within one Hyper SFN time, and in solution 2, the repetition is performed within a Paging Transmission Window (PTW) time. This means that for solution 1, the UE will be in legacy Idle DRX state once every T_eDRX for the length of Hyper-SFN (10.24s), and for solution 2, the UE will be in legacy Idle DRX state once every TeDRX for the length of TPTW. 
On the other hand, in LC/EC MTC work, RAN1 has taken a working assumption for paging transmission that (M)PDCCH is used for scheduling PDSCH carrying paging message. RAN1 also assumed that a number of repetitions (repetition level) will be supported [7], but RAN1 has not decided the details of number of repetition. If this is applied to the eDRX discussion, once the UE wakes up, the UE monitors PDCCH to find PDSCH carrying paging message which will be transmitted in a number of repetitions. 

Since the eDRX work is largely motivated by the MTC services requiring UEs with long battery saving requirement (e.g., 10 years) [8], we think that the relationship between mechanisms defined for LC/EC MTC work and eDRX work need to be coordinated. With regards to paging repetition, we are wondering which approach would result in better battery saving gain; the solution discussed in eDRX work or the solution discussed for LC/EC MTC UE. In short glance, we think that applying the repetition solution as discussed in LC/EC MTC discussion would result in a better battery saving. This is illustrated in the following figure 1. For eDRX solution 1 or 2, the UE will be awake for several seconds (the length of H-SFN (10.24s) or TPTW) for every TeDRX, and for LC/EC MTC solution, the UE will be awake for only several 100 ms (depend on CE level, ~200 ms if frequency hopping is applied [9]). 
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Figure 1:  Paging transmission in eDRX work (solution 1 and 2/3) and in LC/EC MTC work

One possible way is the following understanding of applying different paging transmission for different UEs.
· For non-LC/EC MTC UE applying eDRX, the paging repetition (after the UE wakes up from TeDRX) is performed based on legacy paging monitoring (legacy PO, PF calculation) using legacy Idle-DRX cycle.

· For LC/EC MTC UE applying eDRX, the paging transmission is performed based on EC repetition level.

From operator’s perspective, it is very important to achieve the battery saving requirement (e.g., 10 years) for MTC UE, and therefore behaviour for MTC UE applying eDRX needs to be clarified.

Proposal 3:
RAN2 should clarify whether the identified paging transmission (based on legacy PO, PF using legacy Idle DRX) has better battery saving result compare to the paging transmission behaviour for (LC/EC) MTC UE.
3. Summary and Proposal
Proposal 1: 
Adopted solution for eDRX should work (in good accuracy) in the networks without time synchronization 

Proposal 2: 
Network synchronization should not be made mandatory assumption
Proposal 3:
RAN2 should clarify whether the identified paging transmission (based on legacy PO, PF using legacy Idle DRX) has better battery saving result compare to the paging transmission behaviour for (LC/EC) MTC UE.
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