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1
Introduction
For background, RAN2 evaluated RRC signalling overhead and UE power consumption with a number of DRX configuration. In this contribution, we discuss how to handle UEs with background traffic.
By UEs with background traffic, we consider UEs which have background traffic only or user-generated traffic in addition to background traffic when the user is idle (e.g. instant message).
2
Discussion
2.1

RRC signalling
UEs with background traffic may cause frequent RRC connection release and establishments, resulting in radio interface overhead and possibly also impact the core network. The evaluation results for background traffic showed that RRC signalling overhead can be minimised by keeping low mobility UEs connected for a long time [1].
According to [2], the power consumption of permanently RRC connected UEs can be reduced to values around 5-15mW on average. For a smartphone battery with a voltage around 4V for a low current, the average current is below 4mA i.e. the battery drain in 24 hours is 96mAh, as compared to a capacity of at least 1000mAh.  As evaluated in [3], releasing the RRC connection does not result in any reduction of the average UE power consumption. So the network may minimise RRC signalling overhead by keeping static UEs with background or IM traffic permanently RRC connected without affecting user experience towards battery life.
Observation 1: The network may minimise RRC signalling overhead by keeping static UEs with background traffic permanently RRC connected without affecting user experience towards battery life.

When designing LTE, it was considered that a 5MHz cell could support 300 simultaneous users in a voice call. If the population involved in a voice call is 5% of all UEs, this means that there may be e.g. 6000 UEs camped on this cell. With a growing popularity of devices running always on applications, the number of RRC connected UEs may become very large.
Observation 2: With a growing popularity of devices running always on applications, if the network attempts to keep all static UEs RRC connected, the number of RRC connected UEs may become very large.
Proposal 1: We propose to discuss the suitability and feasibility to permanently maintain the RRC connection for all static UEs running always-on applications and how many UEs could be kept RRC connected.
2.2
Uplink control channel resources
RRC connected UEs may be allocated uplink control resources for CQI reporting and for SR. 
2.2.1
Scheduling request
With a SR allocation every 80ms, using the same assumptions like in [1], SR resources for 6000 UEs would occupy 5 uplink PRBs, i.e. 20% of uplink resources. In current specification, 80ms is the longest possible SR period.
Observation 3: SR resources for 6000 UEs occupy at least 5 uplink PRBs (using 80ms period). 

The network may release SR resources after 5s or 10s as suggested in [2] but then a number of UEs may perform a RA access procedure for every uplink data transmission. 

In [4], it was considered desirable to keep the RA collision probability below 1%. The collision probability can be evaluated as 1 - e-a/b where  a is the average number of RA attempts per second and b is the number of random access slots per second multiplied by the number of random access signatures. With 6000 UEs and an average of 20s between packets, if 32 preamble signatures are used as suggested in [5], it is necessary to use PRACH configuration index 14, i.e. one PRACH slot at every subframe in every radio frame. This corresponds to permanent usage of 6 uplink PRBs.

Observation 4: Without allocating SR resources, keeping the RA collision probability below 1% for 6000 UEs  with background traffic (20s IAT) requires allocating 6 uplink PRBs for RACH (one slot at every subframe).  
Proposal 2: We propose to discuss the need to improve the usage of PUCCH resources for SR (e.g. to improve efficiency, allocation, release, etc) according to the expected number of RRC connected UEs.

2.2.2
CQI reporting

System efficiency depends on the availability of accurate and up-to-date CQI information. As evaluated in [1], the amount of PUCCH resources allocated for periodic CQI reporting can be similar to the amount of PUCCH resources allocated for SR.
Current specifications also allow to restrict the periodic resources to the on duration period and to use aperiodic CQI reporting, i.e. triggered by a PDCCH command. In the case of a very short on duration period, the availability of accurate CQI report may be rather challenging. Also, triggering aperiodic CQI reporting for a large number of UEs would consume extra PDCCH and PUSCH resources. 
Proposal 3:  We propose to discuss whether the current CQI reporting mechanisms are suitable in order to support a large number of RRC connected UEs and if there a need for further evaluations.

2.3
Downlink control channel resources
PDCCH resources are used to allocate grants and indicate downlink assignments. An evaluation of PDCCH resources for several types of background traffic was provided in [6].
According to this evaluation, in certain scenarios, the limiting factor for the number of UEs in a cell is the PDCCH capacity rather than the PDSCH capacity. In such cases, the number UEs considered are much larger (about 90000 UEs) that the number considered for PUCCH resource evaluation in this contribution.
For Rel-11, RAN1 is discussing about ePDCCH, which in certain scenario may increase the resources for PDCCH, However, if such improvements are used for a large number of UEs with background traffic, this may affect the resources available for DL transmissions for other types of traffic.
In addition, as mentioned in 2.2.2, if aperiodic CQI is used, this may significantly increase the amount of PDCCH resources used, further than the evaluations in [6].
Proposal 4: We propose to discuss how keeping a large number of UEs RRC connected may affect the usage of PDCCH resources.
2.4
L2 signalling

As analysed in [7], the transmission of isolated TCP packets creates a significant L2 signalling overhead. In [8], the L2 signalling overhead for UEs with background traffic is further analysed and compared with RRC signalling overhead. We do not discuss it further in this contribution.

3
Conclusion
We observed that the network may minimise RRC signalling overhead by keeping static UEs with background traffic permanently RRC connected without affecting user experience towards battery life. In this case, the number of RRC connected UEs may become very large e.g. 6000.

We provide some analysis and propose to discuss:

-
the suitability and feasibility to permanently maintain the RRC connection for all  static UEs running always-on applications and how many UEs could be kept RRC connected

-
the need to improve the usage of PUCCH resources for SR (e.g. to improve efficiency, allocation, release, etc) according to the expected number of RRC connected UEs.

-
whether the current CQI reporting mechanisms are suitable in order to support a large number of RRC connected UEs and if there a need for further evaluations.

-
 how keeping a large number of UEs RRC connected may affect the usage of PDCCH resources.

-
the amount of L2 signalling overhead  for UEs with background traffic (see [8])_

We propose to capture the conclusions of these discussions in the TR.
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