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1. Introduction

SA2 is working on the MTCe (Machine-Type and other mobile data applications Communications Enhancements) work item and has discussed and documented potential solutions for several key issues in the TR 23.887[1].

In the LS response [3] and feedback on MTCe-SDDTE solutions, RAN2 has provided that “in terms of radio signaling overhead, for stationary UEs the most efficient solution is to keep them in connected mode. RAN2 believes that this approach is feasible for ‘frequent’ (small) data transmissions.”
At this meeting, RAN2 is further receiving an LS from SA2 in [6] where SA2 explains the advantages of the corresponding 5.1.2.3.1 solution and request RAN groups for support.  
Parameters like the user inactivity timer and the connected DRX timer are currently determined locally at the eNB. Within solution 5.1.2.3.1 SA2 specified in TR 23.887 [1] a new CN assistance information procedure over S1AP enabling the eNB to optimize the setting of these parameters in order to reduce the frequency of idle-active transitions, minimize network signaling, and save UE battery consumption. 
In the following sections we investigate the type of assistance data that would be beneficial to be provided as part of this CN assistance procedure over S1AP.

2. RAN challenges of keeping UEs in connected mode

Keeping the UEs in connected mode as in solution 5.1.2.3.1 presents two types of challenges for this solution, here we list them and point out the possible solutions: 
	
	Challenges
	Solutions

	1
	While the UE is in connected mode it may consume more UE power, because UE often will send small amounts of data, for example, maintenance of UE timing advance, periodic channel sounding, and measurement reports. Depending on the packet inter-arrival time the DRX mode should thus be optimized to reduce the signaling overhead (e.g. modifying the value of the parameters for measurement reporting and handover behaviour) and power consumption (e.g. adjusting the DRX connected cycle) resulting from connected mode. 
	While in connected mode, need to optimize the DRX parameters

	2
	Keeping the UEs longer in connected mode also impact eNB memory capacity in order to keep all contexts, the control channel dimensioning to address a large number of UEs may be inefficient for fast moving UEs because the HO signaling could increase (even more than the signaling of RRC connection establishment). Therefore the duration stay in connected mode must be optimized based on UE characteristics such as velocity and packet inter arrival time.
	Need to optimize the connected duration stay through adequate setting of the user inactivity timer


In summary, having many UEs in CONNECTED would waste network resources, handover related signaling and UE power if not properly configured. To make an optimal decision on when to keep the UE in CONNECTED and when in IDLE can be optimized with the help of CN-RAN exchanges of parameters as presented here-below.
3. Description of the proposal
3.1  Optimization  of the DRX 
The application of DRX cycle for UEs in connected mode is for discontinuously PDCCH monitoring. The longer the value, the more UE power is saved. However larger values can increase the delay for DL packet.  For different applications, due the different traffic models/features, the optimum DRX cycle values required are different. Configuring a proper value for a SDDTE UE shall be done carefully for the eNB. 

We believe that the connected DRX cycle is best optimized per UE characteristics by the eNB through radio knowledge. Being a radio parameter, MME should not be involved in setting its value. On the other hand, it can be beneficial that the optimization made by a previously connected eNB during the last connected period is made available from the start of a new fresh connection at another eNB. MME could then help here to simply relay the former DRX value.

Proposal 1: connected DRX cycle value is sent from eNB to MME at call release and provided back unchanged from MME to eNB at next idle –active transition.
As explained above, keeping UEs in connected mode consumes UE and network resources and the actual gain would depend on the packet inter-arrival time: for example, to keep the long connected is the most efficient in the case of the frequent packet arrival. But in other case, the infrequent packet arrival the long connected is inefficient. Furthermore, there may be a negative effect on radio resource usage e.g. PUCCH resources if many UEs are kept in connected mode but only active infrequently.
However, because at idle mode mobility any historical information would be unavailable at a new data access whether the UE is no mobility or in a new eNB, it may take some time in eNB to find a more precise pattern for the packet inter-arrival time. Therefore if an eNB could receive an a-priori knowledge of packet inter-arrival time for the UE at a fresh connection setup, that would help as a useful complementary information in addition to the former used DRX value proposed here-above. This is where CN assistance procedure can help. The statistics of the packet inter-arrival could be defined and collected by the eNBs in the last connection, and the MME will forward this information to new eNB in the next connection.
Proposal 2: packet inter-arrival time value estimate can be sent from eNB to MME at Connection release and provided back unchanged from MME to eNB at next idle-active transition.
3.2  Optimization of the inactivity timer
We can find that the signaling to initiate a new RRC connection establishment is not that much larger than the signaling in a handover procedure [4]. If there is more than one handover procedure before the inactivity timer expires, the more the signaling overhead would be. 

Therefore, to optimize the trade-off between UE velocity and packet inter-arrival time, two user Inactivity Timers, short value and long value, are proposed as the assistance information for assisting eNB in efficient decision making to keep UE in connected or idle mode. If the Short Inactivity Timer expires, the connected mode is terminated when eNB decides the UE needs to perform handover ahead of the Long Inactivity Timer expiring.
When the handover will happen immediately and there is no data to be handed over, to keep the UE in connected mode is not valuable for the purpose of signaling saving. This scheme optimize the time of keeping UE in connected mode which does not require a prediction about the UE mobility.

Based on above scheme, the RRC connection could be released before the Long Inactivity Timer expires. If this case happens often, the HO happens more often than expected. Then it is also proposed to let the eNB sends the “elapsed inactivity period” in the S1 Release Request message  to the CN together with the specific cause value “Handover triggered” so that CN can differentiate this case from a normal release. CN can not only echo back the inactivity period at the next connection, it can also recommend inactivity timers to the eNB based on the statistics of the “elapsed inactivity period” received from the eNBs over a time period and its measurement of duration spent in Idle mode.
Further optimizations based on the UE velocity estimate e.g. MSE directly provided to eNB at RRC connection setup as part of the Hetnet RAN2 WID are also useful information.  Depending on the RAN2 decision for MSE enhancement in HetNet WI, it may also be useful for MME to provide the UE history information from the previous connections to a new eNB when UE goes connected.
Proposal 3: we propose that at call release, following values are candidates to provide to MME:
· Short and Long user inactivity timers that have been used,
· Elapsed inactivity period prior to the release (when release not due to inactivity)
· UE history information.
And at next idle-active transition we propose that the CN provides these values, and possibly updated by statistics analysis.

Besides, it could also be useful that when a new eNB receives information from the MME from previous eNBs it can assess how relevant it is. This leads to proposal 4: 

Proposal 4: at S1 release, the eNB provides an eNB ID and a timestamp. The MME can echo them back when providing the RAN information to next eNB at next S1 context setup. This value is used by eNB to make a better estimate of the inactivity period. It can also use this information to evaluate how relevant the received information is e.g. if it is same eNB and short period of time since the past data the information is more applicable than if it is another eNB and a long time. 

One variation of the eNB including the timestamp would be for the MME to include time period spent in RRC Idle 

4. Call flow of the proposal
Figure 1 provides an example call flow showing the proposed RAN assistance information provided by RAN to MME at S1 call release and the CN assistance information provided by MME to RAN at S1 context setup.
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Figure 1: Core Network assisted eNB parameters tuning for small data transfer

4. Conclusion

It is proposed, based on received SA2 LS in [5], the following information is considered for the CN assistance information procedure described in TR23.887 by SA2:

1: connected DRX cycle value is sent from eNB to MME at S1 release and provided back unchanged from MME to eNB at next S1 context setup.
2: packet inter-arrival time statistics can be sent from eNB to MME at S1 release and provided back from MME to eNB unchanged at next S1 context setup.

3: we propose that at S1 release, the RAN provides following values:

· Short and Long user inactivity timers

· Elapsed inactivity period prior to the release (when release not due to inactivity)
· UE history information.
In addition to 1,2 above,  at next S1 context setup the MME provides old values of Short and Long user inactivity timer or possibly recommended values updated by statistical analysis.

4: the MME stores a timestamp and eNB ID when receiving the RAN assistance information at S1 release and include it again when sending corresponding CN assistance information at the next S1 context setup.  This value is used by eNB to make better estimate of the Inactivity period. It can also use this information to evaluate how relevant the received information is e.g. if it is same eNB and short period of time since the past data the information is more applicable than if it is another eNB and a long time.
One variation of the eNB including the timestamp would be for the MME to include time period spent in RRC Idle 
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