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1 Introduction

Smart phones with different applications running in active and background mode are likely to generate a wide variety of traffic. Under the eDDA work item a number of such traffic profiles have been studied, along with RRM strategies to handle such traffic.

These RRM strategies include those in which UEs are held long-term in connected mode and those in which UEs are more frequently moved in and out of connected mode according to their data activity.

Connected mode UEs generally use the dedicated SR mechanism on PUCCH to request PUSCH resources when data in the uplink buffer is available for transmission.  It has been shown in various investigations that the utilization of DSR is quite low for background and IM traffic types, and that furthermore the PUCCH resources required can be significant for a large number of connected UEs (such as will naturally result from an RRM policy of keeping UEs long-term connected).  These results have also been captured in the TR [1].
The TR also considers the scenario in which the UE uses RACH for SR purposes (DSR PUCCH resources are either not configured, or are released due to TAT expiry).  However, the results indicate that for a 1% collision probability, the resource requirements for SR on RACH remain relatively high and the overheads are not significantly better than for DSR.

A number of possible solutions have been proposed to mitigate these issues.  These proposals include:

1. Introduction of longer SR periods
2. Temporary SR [2]
3. Shared PUCCH [3]
4. Release of PUCCH resources[4]
5. Simultaneous use of DSR and RACH [5]
In this contribution we discuss the pros and cons of the above proposals and propose a way forward for SR enhancements for eDDA.
2 SR enhancements

2.1 Introduction of longer SR periods

Whilst the introduction of longer DSR periods may go some way towards improving PUCCH resource utilization, it also introduces the problem of latency.
It is not yet clear that PUCCH resource utilisation improvements need to come at the cost of such fixed additional latencies.  Simply increasing the DSR period does not seem to address the root cause of the scalability problem and therefore seems likely to remain a sub-optimal solution.  Alternatives (such as some of those listed below) should be investigated before resorting to an extended SR period.

It should also be noted that the application requiring access to uplink resources at any given time whilst in the “long SR period” mode cannot be predicted in advance.  Thus uplink requests related to higher-priority traffic may suffer the longer access times during the period of “long SR”.
Observation 1: Increasing SR period results in unnecessary additional latency for uplink traffic and does not seem to be a promising solution.  Other alternatives should be investigated before resorting to an extended SR period.
2.2 Temporary SR

To our understanding schemes that fall into this category (e.g. [2]) are those in which the frequency of SR opportunities, or the periodicity of dedicated SR resources are varied according to need or traffic activity, but without requiring extensive RRC reconfiguration each time.
Switching between different SR periodicities may offer a more adaptive approach compared to having longer SR periods only and may therefore give a better tradeoff between resource utilisation and latency.
It would be good to understand in more detail how the scheduler allocates and de-allocates these SR resources, and whether this is intended to be achieved implicitly or using explicit signalling.

Observation 2: Temporary SR schemes may provide a better trade-off between resource utilisation and latency when compared to simple extension of the SR period.
2.3 Shared PUCCH

Our understanding of schemes that fall into this category is that they involve an element of contention within an opportunistically-shared common SR resource.  This is distinct from the “Temporary SR” of section 2.2 in that the resources available to a user are not dedicated at the time of the SR transmission.

Such schemes therefore require ways to identify the transmitting user that do not rely solely on the resources on which the SR transmission occurred.

Enhancements that utilise such a contention-based element are worth investigating further as they may be able to exploit the large user-multiplexing gain that is possible for sparse SR traffic (e.g. background traffic).  Thus much larger user populations could be supported when compared to fixed-period DSR approaches, and this may again offer an improved trade-off between resource utilisation and latency.

However, we believe that given the timescales for Rel-11, such solutions may need to be treated as enhancements for future releases.

Observation 3: Shared SR schemes are likely to be well suited to scenarios in which there is a large population of users with background traffic.  However, due to current Rel-11 timescale constraints, these should be investigated further for future releases.
2.4 Release of PUCCH resources

PUCCH resources should be released during times of background traffic (e.g. based on UE assistance information received by the eNB).  This offers a simple way to avoid potential UE power and resource overheads associated with CQI/PMI transmissions and to avoid the large resource overhead due to DSR.

Once the ‘normal’ PUCCH resource is released, an alternative means to send SR is required and options include:
i) Switch to a DSR resource with a longer period (similar to Temporary SR of section 2.2)

ii) Switch to a shared SR resource (section 2.3)

iii) Switch to RACH-based SR
Option (iii) results in increased collision probability for RACH which would be undesirable as this could have a direct impact on the idle to connected mode transition times and other critical functions.  Hence our view is that option (iii) should utilise a RACH resource that is separate from the normal RACH resource (i.e. that which is used for idle to connected mode transitions etc…).  This separate RACH resource could then be operated at a higher collision rate in order to improve its resource utilisation.
Observation 4: Releasing dedicated PUCCH resources for background UEs is a good way to reduce UL resource overheads and UE battery consumption.  This should be used in conjunction with an alternative more-efficient SR mechanism.

2.5 Simultaneous use of DSR and RACH

Our understanding is that this solution provides the UE with access to two SR resources (e.g. one with a long DSR period and the other using RACH) and that the UE is allowed to select which to use based upon the priority or QoS requirements of the traffic.
This aims to mitigate the issue of PUCCH resource under-utilisation whilst also allowing for reduced latency for any high priority traffic.
It should be noted that this solution also increases the collision rate on RACH although not to the same extent as option (iii) of section 2.4, as only high priority requests are routed via RA-SR.  Hence overall this could be a reasonable solution and is one that should be investigated further.

Observation 5: Allowing the UE to switch between a DSR resource with a long period and RACH depending on application priority could reduce resource overheads whilst also preserving relatively low latency in the case of higher priority traffic
3 Conclusion

A solution for SR is needed to support a large population of UEs with background traffic in connected mode.  A brief discussion on the merits/demerits of candidate solutions has been provided in section 2.

Considering the timescales facing RAN2, the following are felt to be the possible candidate solutions for Rel-11.  The solutions represent different levels of added complexity, as well as, different levels of potential benefit for UEs with background traffic.  All of these involve release of the ‘normal’ dedicated PUCCH resource as a first step:
A. Temporary SR

B. Use of a RACH resource that is separate from the normal RACH resource
C. UE switching between a simultaneously-configured long DSR resource and RACH
Enhancements involving a shared or contention-based SR resource are also promising but due to timescale constraints, we propose that these should be investigated during Rel-12.
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