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Introduction

The priority focus for this work item is on background and IM traffic scenarios for which observed behaviours across a number of popular applications and across a number of devices have already been captured in the TR [1].

At R2#76 evaluations presented in [2] showed how different network inactivity timers (used to trigger the UE transition to IDLE) affected the frequency of RRC Connection Setups and the proportion of time a UE would remain in RRC Connected mode.  These results have subsequently been extended with other traces during RAN2 email discussion [76#37].
With a network inactivity timer of 10 seconds, many of the results for background traces suggest that between 1 and 3 RRC connection cycles per minute are required, with the UE spending between 20% and 80% of its time in connected mode.  Use of a similar timer value for IM results in between 2 and 3 RRC connections per minute and the UEs spending 50%-80% of the time in connected mode.
An evaluation of an RRC connection setup signalling sequence in [3] (see also similar in [4]) shows that each procedure involves the transfer of around 186 bytes, carried in 14 separate MAC PDUs and necessitating 36 actively-transmitted UL or DL subframes.  Mean user-plane data rates for background traces are often low (of the order of 10 or 20 bytes per second), and with generally small IP datagram sizes, each IP packet can usually be carried in 1 subframe.  Therefore the number of subframes (MAC PDUs) carrying actual user-plane traffic is also low.  When 14 MAC PDUs are required for control plane data per RRC connection cycle, it becomes clear that the system efficiency can be sub-optimal.

For these types of sparse traffic profile, adjusting the RRC inactivity timer can sometimes have only a relatively weak effect on the number of IP packets that are carried within each RRC connection.  Figure 1 shows the relationship for background traces 28 and 29 (for reference, the frequency of RRC connections is also shown for these cases in Figure 2).
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	Figure 1
U/P packets carried in each RRC connection cycle
	Figure 2
RRC Connection Frequency


For a 10 second timer value, the RRC control plane traffic represents a 200% overhead (in bytes) relative to the user plane data rate for trace 28 and a 115% byte overhead for trace 29.  From a MAC PDU perspective the transmission of ~4 user plane PDUs per cycle, with 14 control-plane PDUs needed to set up and release the RRC connection each time, represents a 350% overhead relative to the number of user plane MAC PDUs (on average only 22% of all MAC PDUs actually carry user plane data).
Observation 1:
Background traffic is generally sparse and can contain only a few IP packets per packet burst.  Performing a full RRC connection setup for each packet burst incurs high overheads.
One solution to this problem is to retain UEs in the connected mode either via the use of long timers or, for low-mobility UEs, via the use of schemes such as in [5].  However, whilst this can avoid the repeated setup/release signalling, it also carries some drawbacks as have been observed during the course of the work item so far:

· Mobility related signalling can increase due to the use of network-controlled handover

· System resource efficiency (especially for UL L1 control signalling) can be low
· The number of simultaneous RRC connections that must be maintained by the eNB is large

· The power drain on the UE may be increased compared to being in IDLE
An alternative to the long-term-connected approach is to attempt to retain the frequent use of IDLE mode (e.g. via the use of short RRC inactivity timers), and to focus on reducing the signalling effort required to setup each RRC connection.  If achievable, this has the potential to mitigate many of the above factors whilst maintaining reasonable signalling overhead.  Additionally, with short timer values and short packet calls, the probability of being in connected mode as a cell boundary is crossed is low, hence handover-related signalling events are also minimal with this approach (cell reselection is instead more commonly used).
One factor of relevance is that for common low/pedestrian mobility speeds, the presence of the background traffic results in many repeated RRC connection setups to the same cell before the UE reselects (or hands over) to another cell.  The RRC connection setup information transferred each time is therefore likely to be very similar hence there is significant redundancy in terms of the information carried each time.
The number of repeated RRC connections on the same cell is equal to the RRC connection frequency divided by the cell boundary crossing rate, and this is shown in Figure 3 for a UE travelling at 3kmph in a system deployment corresponding to LTE case 1 [6] and with background traffic.
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Figure 3 – Number of repeat (same-cell) RRC connections - 3kmph
Observation 2:
At common pedestrian speeds, background traffic can result in many repeated RRC connection setups to the same cell before the UE moves to another cell.  The information carried in the RRC setup signalling may often be similar on each occasion.
One potential way to avoid the successive retransmission of duplicate control plane information could be to not throw away all of the UEs context upon an RRC connection release.  Instead, parts of the context could be retained in-between the successive RRC connection cycles caused by the traffic.  RAN2 would need to investigate further whether this is possible and if so, which parts of the context could be stored.

However, if such repetition could be avoided, it could be possible to achieve a better balance between the various competing performance attributes when the UE and system are faced with the traffic types of interest to this work item.  That is, it may be possible to maximise the power and system efficiency savings offered by moving UEs to IDLE between packet bursts whilst also preserving an acceptable system load via the use of more-efficient RRC setup signalling.

Conclusion

Certain traffic profiles can cause UEs to be held for long periods of time in RRC connected mode whilst exchanging only a relatively small volume of background data.  A countermeasure to this behaviour is to use short RRC connection timers in the network, although this can result in multiple RRC state transitions per minute and give rise to undesirable RRC signalling overheads / over-the-air message counts.
Especially in the case of lower mobility UEs, many repeated RRC connection setups may be experienced on each cell before the UE reselects or hands over to another cell, and the control information exchanged on each occasion is therefore likely to be the same or similar.  These signalling overheads could be reduced by allowing the UE to retain parts of its RRC context in-between successive connection setup events.  This could also help to keep handover signalling events to a minimum as short RRC connection durations can then be employed.
Proposal 1:  
Investigate whether parts of the UE RRC context may be stored in-between successive RRC connection cycles caused by the traffic types being investigated by the eDDA work item.
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