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1 Introduction
This paper discusses how excessive PUCCH load can be reduced by the introduction of a Scheduling Request (SR) prohibit mechanism to the MAC specification as a useful improvement for LTE Release-9.

Having high load on PUCCH causes PUCCH inter-cell interference problems, which can lead to poor SR detection performance. Therefore it seems reasonable not to put unnecessary load on PUCCH, such as sending SRs when they are not really needed. This paper will discuss some scenarios where redundant SRs will put unnecessary load on PUCCH. 

Some different SR prohibit mechanisms will also be evaluated and discussed.
2 Identified areas with unnecessary transmission of SR

This chapter gives an example of areas where it would be possible to reduce the PUCCH load by reducing the number of unnecessary SRs sent.
2.1 Unnecessary transmission due to short periodicity
Having a short SR periodicity provides the shortest possible UL latency and thus also best performance for the many applications such as VoIP and Web download. In TS 36.321 [1], an SR is pending from the time when it is triggered until the time when it is cancelled. When a scheduling request is pending, an SR is always physically transmitted when there are PUCCH resources available. At RAN2#67, it was agreed that the SR shall be cancelled when the MAC PDU including the BSR is assembled [2]:
-
All pending SR(s) shall be cancelled when a MAC PDU is assembled and this PDU includes a BSR which contains buffer status up to (and including) the last event that triggered a BSR (see subclause 5.4.5), or when the UL grant can accommodate all pending data available for transmission.
In the example depicted in Figure 1, the SR periodicity on the PUCCH is configured to 5 ms and the SR is transmitted for the first time in subframe # 0. After the eNB has received the SR, a typical processing time of 3 ms is assumed before the UE is scheduled and the grant is transmitted. The UE has its next SR opportunity already in subframe # 5. It is very unlikely that the UE will have built the MAC PDU and cancelled the SR already in subframe # 5. Thus, SR is transmitted twice. This generates an unnecessary load on the PUCCH.
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Figure 1. Transmission of a SR two times before the SR is cancelled.
2.2 Unnecessary SR transmission when using VoIP bundling

For VoIP traffic, the VoIP packets arrive to the UE buffer with 20 ms periodicity during a terminal talk period. If the network uses VoIP frame bundling, the UE is scheduled in such away that it will only send one bundled packet including two VoIP frames every (approximately) 40 ms. But since each VoIP packet will trigger a SR, a SR will be sent in every SR opportunity. Having SR periodicity of 20 ms, the UE will transmit SR at least twice instead of every 40 ms when a grant is actually needed, meaning that 50% of the sent SRs are be unnecessary. Increasing SR periodicity to 40 ms is not desirable due to very long access delays.
2.3 Unnecessary SR transmission due to high load

Unnecessary SR may be transmitted in a loaded system in case the eNB would delay the granting of UL-SCH resources to a UE. This could happen for both long and short SR periodicities.
3 SR prohibit mechanism
This chapter discusses the pros and cons of possible SR prohibit mechanisms.
3.1 All SRs prohibited per logical channel

As discussed in [4] and [5], one possible approach to reduce load on PUCCH would be to prevent SR triggering for certain logical channels after data arriving to those channels. However, the problem with this approach is that no SRs are sent at all for the logical channels where SR triggering is not allowed. For example, if the prohibit mechanism is activated for some logical channel and there is no traffic on any other logical channels, the BSR would be triggered, but no SRs would be sent. The eNB would not get information of the data arrival to the UEs buffer at all. We think that this is not an acceptable approach, since we believe that data that is important enough to trigger a BSR is also important enough to justify an SR to inform the eNB about the data arrival. 
3.2 SPS-SRmask 

The approach of having an SPS-SRmask as described in [4] and [5] is reasonable and helps prevent unnecessary SRs when semi-persistant scheduling is used. It could however have a negative impact on urgent and high priority data, since they would have to wait for the SPS grant instead of sending an SR that can enable them to receive a grant sooner. To remove this negative impact, the approach discussed in [4] and [5] could be extended by tying the SPS-SRmask to an LCG. Then SPS-SRmask would be an acceptable solution, but only applicable when semi-persistent scheduling is used.
3.3 SR prohibit timer
To address unnecessary SR transmissions as described above, an SR prohibit timer is proposed which timer would be used to prevent the UE from transmitting a second SR too early after its previous SR attempt. The timer is started in the TTI when the UE transmits SR on PUCCH; the timer is stopped either when it expires or in the TTI when SR is cancelled. Figure 2 illustrates the use of the SR prohibit timer with a duration of 5 ms and how this will solve the problem discussed in 2.1. 
The SR Prohibit timer can also be used to solve the problem of VoIP frame bundling described in 2.2. By setting the timer to a value between 20-40 ms, the unnecessary SRs will be avoided and the load on PUCCH will be reduced by up to 50%. This is further addressed in 3.3.2.
In addition to decreased load on PUCCH, the SR prohibit timer can be used to spread the re-attempts of missed SRs in the time domain. Consider two UEs located in neighboring cells, both transmitting SR on same PUCCH resource at the same time and both configured with the same SR periodicity. If both attempts fail, with current specifications both UEs will retransmit their SRs at the same time leading to a similar interference situation. However, if the UEs have different SR prohibit timer durations, the correlation in the interference can be avoided.
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Figure 2. The SR prohibit timer prohibits the UE to transmit the SR twice (compare to Figure 1). The timer is stopped when the SR is cancelled.
3.3.1 Alternatives for the SR Prohibit Timer

There are a number of alternatives on how the SR prohibit timer solution described in 3.3 could be specified:

1. The SR prohibit timer length is fixed to some common value such as 5 ms or the length of SR periodicity.

2. The SR prohibit timer length is (r + 1) * SR periodicity, where r is randomly selected by the UE ranging between [1,..,4].

3. The SR prohibit timer has a fixed length and it is configured by RRC. The possible value could be k * SR periodicity, where k is signaled by RRC. Having 4 different possible values of k = 0, 1, 2, 3, 4 would give enough flexibility to the eNB to decide how it would like the UEs to behave. For example, with k=1 one SR opportunity is skipped and with k=0, the timer would be deactivated, i.e. not SR opportunity would be skipped.
Alternative 1 could be the simplest solution to avoid unnecessary SRs. If a random component is added to the timer, as is proposed in Alternative 2, the interference between neighboring cells due to colliding SR re-attempts can be reduced. Finally, Alternative 3 would give more flexibility to eNB to configure different UEs with different values, and thus avoid reattempts of SRs at the same time. We prefer solution 3.
The SR prohibit timer could also be tied to the LCGs such that it only applies to certain LCGs. 
3.3.2 Evaluation of SR Prohibit Timer

In this subsection, we evaluate the performance of the SR Prohibit Timer presented in the section 3.3. We assume a simple VoIP traffic model, where an uplink VoIP packet is generated every 20 ms by each terminal. The SR periodicity is selected to 5 ms, which provides the shortest possible delay for VoIP packets. Without the SR prohibit timer, one triggered SR will lead to two physical PUCCH transmissions of the SR. With the SR prohibit timer, only one SR is transmitted per trigger. From Figure 3 we can see that the sustainable maximum path loss to achieve a fixed SR error target is significantly lower without SR prohibit timer as compared with the timer.
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Figure 3 The normalized maximum path loss (dB) as a function of the number of UL VoIP users per cell. The probability to not detect the SR transmission is fixed. SR resource on PUCCH is one RB pair.
4 Conclusion
In this contribution, we have showed that when a short SR period is configured or when running VoIP traffic, the SR can be retransmitted unnecessarily. To avoid unnecessary SR transmissions, we propose to introduce an SR prohibit timer to reduce the load on PUCCH. It may also be necessary to add an IOT bit in the UE capabilities to avoid problems with inconsistent implementations.

Proposal 1. Introduce a SR prohibit timer to prevent unnecessary SR retransmissions by the UE.
Proposal 2. The SR prohibit timer is configured by RRC signaling.  
CRs corresponding to the two proposals above are prepared in R2-096744 for MAC [1] and R2-096745 for RRC [3].
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