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1. Introduction
The work item for diverse traffic RP-110454 has an objective of defining Connected Mode configurations that allow power consumption at par with Idle Mode. This suggests the use of Connected mode DRX for extended periods of time, for users who would otherwise be transitioned to Idle Mode.
This paper considers the issues arising with such configurations, and proposes areas that RAN2 should study. 
2. Extended use of Connected Mode DRX

2.1 Mobility Robustness

During periods of DRX off time, the UE is expected to power down the receiver, and not perform mobility related measurements. The associated requiremetns are captured in 36.133, Section 8.1.2.2.2.2, and it can be seen that cell detection delays of several seconds are possible when DRX is used. Such delays result in delayed reporting of event A3, and can cause a handover failure.  The delays are relatively less significant when there is data activity, and DRX causes the UE receiver to be ON more than once every DRX Cycle, but can become significant when there is less data activity.
RAN1 has looked at mobility robustness for homegeneous networks in non-DRX settings under the Study Item RP-081137, with the final status report in RP-090426.  In summary, it was concluded that with appropriate settings of the time-to-trigger (TTT) and handover offsets, it was possible to obtain acceptable handover failure rates. The TTT values used in the RAN1 study were typically quite small (340ms and lower) for some challenging mobility environments, as can be seen from the submissions cited in RP-090426 .

RAN2 is currently looking at initial stages of mobility performance for heterogeneous networks, and similar handover modeling is being developed.
Observation 1: Handover failure rates will increase significantly if DRX cycles similar to idle mode (1.28s or 2.56s) are used for extended periods of time for high mobility UEs. 
2.2 Signaling Load
Mobility Related Signaling Load: Idle Mode minimizes RAN and CN signaling load at UE mobility, as the UE can perform signaling free mobility within the network controlled list of tracking areas. In connected mode, howerver, each mobility event causes a RAN and CN signaling. The specific messages are as follows
· RRC messages: Three messages (MRM, HO Command, HO Complete)

· RAN messages: Three messages (HO request, HO request ack, SN status transfer)

· S1 messages: TwoPath switch request, Path switch request Ack

Hence it can be seen that mobility related signaling load is much larger if the UE is in connected mode for extended period of time.

Observation 2: Placing UE in DRX mode for extended period of time will increase mobility related signaling load for high mobility UEs.
Connection Setup/Release Signaling Load: If the UE is in idle mode, a data arrival triggers a connection setup and subsequent release.  The number of messages exchanged is as follows
· RRC messages: Six messages (Conn Request, Conn Setup, Conn Complete, Reconfiguration, SMC, Release)

· NAS messages: One message (Servive Request), assuming no QoS modifications

· S1 messages: Three messages (Initial UE message, Context Setup, Context Setup Complete)
The complexity at both the core network and the RAN seems to be higher for handling a Connection Setup, compared with a mobility event. 

Observation 3: Placing UE in DRX mode for extended period of time will reduce connection setup/release related signaling load.

2.3. Network Dimensioning

Placing the UE in connected mode for extended periods of time increases the state being maintained at the RAN and CN. If a network design intends to keep most UEs in connected mode for extended  periods of time, it can be assumed that  the network dimensioning of RAN and CN is accounted for by implementation (e.g. bigger memory).

If there are any physical layer  or signaling related limitations to placing large number of UEs in connected mode, those can be considered in this work item.

Observation 4: Placing large number of UEs in connected mode increases the state maintained by RAN and CN, but this is assumed to be an implementation issue. Other limitations such as physical layer or signaling related limitations need to be addressed by specification changes if necessary.

3. Balancing various available modes for different UEs
3.1 Balancing Idle and Connected Modes
Based on Observations 1, 2 and 3, the appropriate mode may be different for different users.
Table 1: Recommended state as a function of UE category
	User Category
	Preferred State
	Comments

	High Mobility, Low Data Activity
	Idle Mode
	Mobility based signaling will become excessive if Connected Mode us used

	High Mobility, High Data Activity
	Connected Mode DRX
	DRX cycle should not be set too long to avoid mobility robustness problems

	Low Mobility, Low Data Activity
	Connected DRX  (or Idle Mode)
	Only limitation of Connected DRX is state dimensioning at RAN/CN. If a problem, Idle Mode can be considered.

	Low Mobility, High Data Activity
	Connected DRX
	Everything works perfectly for  this case


The thresholds for the above table, in terms of determining the boundary between high and low mobility, and between high and low traffic activity will vary as per the deployment. However, consider the following simple example: UE performs a handover every 10 seconds (likely for vehicular UE in dense urban setting), and has the phone setting to check email every five minutes (pull email). For such a UE (and assuming a large tracking area), placing the UE in Connected Mode with DRX will increase the signaling load compared to the use of Idle Mode. 
Proposal 1: Confirm that it is not desirable to keep high-mobility low-activity UEs in connected mode for extended periods of time. 
3.2 Tools available within Rel-8/9/10
The following tools are available at the eNB to determine the UE mobility and data activity.

Handover Counts: During X2 handover, the eNB receives a “last visited cell list”, that includes the cell identity and time spent for upto 16 previous cells visisted by the UE during the current RRC Connection. This information can help the eNB identify highly mobile UEs. 

Data activity: The eNB can observe UL and DL user-plane traffic to it serves to a UE to assess the data activity of the user over an existing connection.
Proposal 2: Study if the eNB has enough information to place the UE in the power saving mode that is appropriate for the UE, as described in Table 1.

3. Conclusion

We discussed some tradeoffs for placing UEs in connected mode for extended periods of time. In the Annex, we give a simple spreadsheet type calculation to calculate the signaling load. However, at this stage it is not clear if such a calculation effort is needed.
In summary, we made the following proposals:

Proposal 1: Confirm that it is not desirable to keep high-mobility low-activity UEs in connected mode for extended periods of time. 

Proposal 2: Study if the eNB has enough information to place the UE in the power saving mode that is appropriate for the UE, as described in Table 1.
A. Signaling load due to extended use of Connected Mode

In this section, we give an example of a calculation to assess the signaling impact of extended use of Connected Mode, and compare the loading with the expected signaling load contributed by Idle UEs. 
A.1 Connected Mode Mobility Signaling

Assume mobile UEs can be divided into two categories, with respective handover rates.

A1: Fraction of UEs that are highly mobile 

A2: Fraction of UEs that are not highly mobile (1-A1)

B1: Handovers per second for highly mobile UEs

B2: Handovers per second for not highly mobile UEs

C1: Fraction of highly mobile UEs in Connected Mode

C2: Fraction of non highly mobile UEs in Connected Mode

From the above, the total number of handovers per second per UE in the network can be calculated as

AvHORate = A1*B1*C1 + A2*B2*C2

A.2 Idle Mode Mobility Signaling

Assume that of all handovers, a certain fraction results in tracking area change. Further, assume that the trackinga area list can be made larger fro highly mobile UEs.

D1 = Fraction of cell changes that result in tracking area change (high mobility UE)

D2 = Fraction of cell changes that result in tracking area change (non high mobility UE)
From the above, the total number of TA updates per second per UE in the network can be calculated as

AvTAURate = A1*B1*(1-C1)*D1 + A2*B2*(1-C2)*D2
A.3 Discussion of metrics

The metrics above require many network deployment related parameters, and hence there could be a wide variation in the results depending on the input parameters. At the current time, we don’t see the need to perform such calculations. 
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