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1 Introduction
This document discusses the need for enhancements for LTE UEs that stay in connected mode for long times. It builds upon the results of RAN2 work on eDDA, MTC and HetNet Moiblity Enhancements. 
2 General
Always Connected UE applications
A result from the EDDA WI and RAN2 discussions on MTC Signalling enhancements is that a preferred method to handle UEs with background traffic and sparse traffic is to keep the UE in connected mode. 
Keeping the UE in Connected mode rather than send UEs to Idle immediately after each data transmission reduces the overhead for Idle-Connected state transitions and reduces the need for particular optimizations, e.g. connection-less data transfer discussed in SA2. 

Smart-Phones: The most typical application today is smart-phones that run presence applications that generate background traffic. E.g. today Idle mode transition inactivity timers in the magnitude of 15-30s are not uncommon, resulting in UEs being indeed kept in connected mode for very long times due to background traffic. 
M2M UE: UEs that have low mobility behaviour, e.g. M2M UEs moving in factory areas, could potentially use much longer Idle transition inactivity timer settings, resulting in UEs kept more or less always in Connected mode. 
Stationary M2M UEs could be kept in connected modes always to avoid Idle Connected transition overhead. 

Conclusion 1.1: We think there is wide applicability to keep UEs in connected mode and use long DRX. 

Long DRX

UE using DRX (discontinuous reception) means that while there is no data transmission, the UE can go to sleep mode periodically, shutting off radio receivers during sleep time, meaning that while sleeping the UE cannot be scheduled and the UE does not perform radio measurements. 3GPP UE measurement requirements are generally set such that UEs need no or little additional awake time for radio measurements in addition to DRX awake time to fullfill requirements, 
UEs are dependent on long DRX, enabling long sleep periods, for low stand-by energy consumption, e.g. Idle mode DRX is usually in 1-2 seconds magnitude. 
For MTC use cases, in Rel-12, the Power Saving Mode (PSM) was introduced, to give 3GPP competitive battery consumption with very long DRX times, up to 1 hour magnitude. However the current PSM mode is only applicable while UE is in Idle mode, which makes it impossible to combine the PSM battery life benefit with overhead reduction benefits of keeping UEs in Connected mode. 

3 Current System

Hand-over with long DRX

UE measurement requirements are lower with longer DRX, generally meaning that UEs will make physical layer measurements less frequently with a longer DRX cycle compared to a shorter DRX cycle. This is a problem for the current handover procedure as with long DRX, a UE may on DRX wakeup already find himself in another cell, having lost contact with his connected cell. The current handover procedure requires signalling both in the source cell and in the target cell. 
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Figure 1. Macro network hand-over performance.
As illustrated in figure 1, the current Hand-over procedure more or less stops working when using long DRX. The main failure mode is that the Hand-over signalling in the source cell fails as the UE has already lost ability to communicate with the source cell when the hand-over is to be triggered. 
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Figure 2: Hand-over procedure and related recovery procedures.

Figure 2 illustrates the current handover procedure, and the related recovery procedures. Note that in all simulations in this document, Context fetch is assumed implemented and thus the Re-establishment failure never happens. This part is illustrated here mainly for completeness. 
UE power consumption
UE stand-by power consumption is of high importance, and it is affected by

·  DRX period, awake period time, i.e. the baseline periodicity of awake-aleep

·  The amount of time spent without being able to apply a DRX configuration e.g. awake time searching for and connecting to a new cell. The time until getting a new DRX configuration at hand-over failure recovery. 
·  The amount of signalling needed.
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Figure 3: UE power consumption, Hand-over and Hand-over failure recoveries, 1.28s DRX.
As can be seen in Figure 3, the power consumption increases with the speed. Here, the highest increase is the amount of time the UE cannot apply a valid DRX configuration to go to sleep. 
MTC Overhead reduction potential of staying in connected mode
A first Byte Count calculation, based on results in TR 37.869 (MTC enhancements) for a sparse MTC traffic model with a packet exchange 100 Byte UL + 100 byte DL using IPv6, gives that the Byte Overhead is ~75%, where the IPv6 overhead represents about half of that. 
4 Cell Reselection in connected mode

Looking for enhancements for LTE we explore solutions already applied for UMTS, the cell reselection in connected mode. 

The procedure
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Figure 4. Mobility procedure when employing UE based mobility.

As illustrated in figure 4, the mobility procedure would typically only use signalling in the target cell. i.e. no signalling in the source cell. This character removes the failure modes related to signalling in the source cell, makes the procedure very robust and insensitive to DRX cycle length. 
Simulation Result: In our simulations we observed zero failure rate with cell reselection in Connected mode at all the simulated speeds (3, 30, 120 km/h), i.e. no failures at all due to badly timed mobility regardless DRX setting (up to 2.5 s). 
Conclusion 1.2: A procedure based on cell reselection in connected mode could have zero failures in a network without coverage holes also with long DRX, i.e. a) it would be more robust against failures than the current prepared hand-over, b) it would be less sensitive to DRX cycle length and do not need to limit DRX cycle length to control failure rate c) it would also be less sensitive to configuration and less dependent on configuration optimization to control failure rate.
UE power consumption
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Figure 5. UE power consumption, 2.5s DRX, in a Macro Network.

A UE power consumption case is illustrated in figure 5, comparing the current prepared handover to the case of using cell reselection. The difference in power consumption is here mainly due to handling of recovery messages in the Handover case. In this simulation, the cell reselection case is not assumed further power optimized, e.g. when UE is waiting for context fetch, the UE is “awake”.
Conclusion 1.3: A procedure based on cell reselection in connected mode would consume less UE power than current prepared handover when using long DRX.
Signalling overhead
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Figure 6. Uu L3 Signalling, 2.5s DRX, in a Macro Network.

L3 signalling overhead is illustrated in figure 5. The main reason for the difference is the failures and need for recoveries in the hand-over case. 
Conclusion 1.4: A procedure based on cell reselection in connected mode would come with less L3 overhead than the current prepared handover when using long DRX.

QoS performance

In LTE work in rel-8, prepared handover (the current concept) was compared to forward handover (cell reselection with context fetch). 
The conclusion from the rel-8 work is that a prepared handover has better interruption time performance than “forward handover”. This is easily understood because the interruption time for the prepared handover consist of mainly the time it takes for the UE to switch cell (the target cell is already ready), while for the forward handover, the target cell isn’t ready until the UE context has been fetched and setup. 

We assume that for real-time services, the good interruption time performance of the prepared handover is desired and needed. 

Furthermore, we assume that when long DRX is used, there will anyway be data buffering times during the long DRX cycle, and while long DRX cycle could be in the range of 1s, the context fetch time should be in the range of 100ms or less. Thus when long DRX is used, the difference in interruption time between the two methods is insignificant. 
Conclusion 1.5: When long DRX is used, difference in interruption time performance between Handover and Cell reselection is not significant. 
Complexity of adding cell reselection in connected mode

A high level assessment can be found in the following table.
	Item
	Comment

	Physical layer:
	No foreseen impact. 

	NAS:
	No foreseen impact.

	Cell reselection: 
	We think that current procedure as described in TS 36.304 can be used. However, UEs in connected mode will need a different set of parameters than UEs in Idle mode. 

	Uu signalling: 
	RRC re-establishment procedure might be reused for cell update functionality. Modifications would then be needed to avoid additional RRC reconfigurations.

	Control of the new mechanism: 
	If automatic switching between cell reselection mobility and prepared handover mobility is needed, such mechanism would need to be developed. 

	S1, X2: 
	We think current procedures can be used as is. FFS if further enhancements would be desired, e.g. re-establishment is not currently lossless. 


Conclusion 1.6: The complexity of adding cell reselection in connected mode would mainly involve RAN2, and compared to many other work items in RAN2 could be characterized as “medium”.

5 Introduction of an MTC Power saving mode in Connected mode
Based on TR 37.869 (MTC enhancements) the byte count overhead of the current system is very high, e.g. ~75% for 100+100B traffic. Also in TR 37.869 it was found that the system capacity can be enhanced by keeping UEs in connected mode, as signalling is reduced. E.g. different results for different channels PDCCH, PDSCH, PUSCH indicate a capacity increase 175%-450% for keeping stationary UEs in connected mode versus going to Idle.
Conclusion 2.1: The overhead reduction potential of keeping stationary UEs in connected mode vs using also Idle mode is significant. 

Introducing very power efficient Connected mode operation would make possible to keep stationary or almost stationary UEs in connected mode, creating system performance and overhead reduction benefits for UEs with sparse traffic models such as MTC UEs.

Conclusion 2.2: A main necessary enabler to make use of the performance benefits of keeping (stationary) UEs in connected mode, is to have very power efficient connected mode, with a power saving mode that goes beyond the current DRX.

6 Conclusions
Conclusion 1.1: We think there is wide applicability to keep UEs in connected mode and use long DRX. 

Conclusion 1.2: A procedure based on cell reselection in connected mode could have zero failures in a network without coverage holes also with long DRX, i.e. a) it would be more robust against failures than the current prepared hand-over, b) it would be less sensitive to DRX cycle length and do not need to limit DRX cycle length to control failure rate c) it would also be less sensitive to configuration and less dependent on configuration optimization to control failure rate.
Conclusion 1.3: A procedure based on cell reselection in connected mode would consume less UE power than current prepared handover when using long DRX.

Conclusion 1.4: A procedure based on cell reselection in connected mode would come with less L3 overhead than the current prepared handover when using long DRX.

Conclusion 1.5: When long DRX is used, difference in interruption time performance between Handover and Cell reselection is not significant. 

Conclusion 1.6: The complexity of adding cell reselection in connected mode would mainly involve RAN2, and compared to many other work items in RAN2 could be characterized as “medium”.

Proposal 1: Enhance the performance (reduce the overhead) for UEs in connected mode using long DRX by introducing cell reselection in connected mode. 

Conclusion 2.1: The overhead reduction potential of keeping stationary UEs in connected mode vs using also Idle mode is significant. 

Conclusion 2.2: A main necessary enabler to make use of the performance benefits of keeping (stationary) UEs in connected mode, is to have very power efficient connected mode, with a power saving mode that goes beyond the current DRX.

Proposal 2: Introduce a MTC power saving mode also for UEs in Connected Mode.
7 APPENDIX: Simulation Assumptions
	Items 
	Description

	ISD
	500m

	Distance-dependent path loss 
	TR 36.814 [4] Macro-cell model 1

	BS Antenna gain including Cable loss 
	15dB

	MS Antenna gain 
	0 dBi

	Shadowing standard deviation 
	8 dB 

	Correlation distance of Shadowing
	25 m

	Shadow correlation
	0.5 between cells/ 1 between sectors

	Antenna pattern
	The same 3D pattern as is specified in TR 36.814, Table A.2.1.1-2 [4]

	Carrier Frequency / Bandwidth 
	2.0Ghz/ 10Mhz 

	BS Total TX power 
	46 dBm 

	Penetration Loss
	20dB

	Antenna configuration
	1x2

	UE speed
	3, 30, 120 km/h

	Interference Loading
	100% DL

	TimeToTrigger
	40

	cellIndividualOffset [dB]
	2

	RSRP L3 Filter K
	1

	Qout
	-8dB 

	Qin
	-6dB

	T310
	1s

	N310
	1 

	Handover preparation (decision) delay
	50ms

	Handover execution time
	40ms

	Context fetch delay
	50ms
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