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1 Introduction

In a highly loaded cell it is important that the radio resources are used in an optimal way to avoid congestion and unnecessary interference in the radio interface. Delaying the transmission of a Scheduling Request (SR) for certain bearers would be one way to handle highly loaded cells better, because it will not only reduce the number of transmitted SRs, but also the number of UL grants transmitted by the eNB.
In this contribution we discuss the benefits of delaying the triggering of an SR provided for a logical channel. Note that this document does not discuss the existing sr-ProhibitTimer which is used to delay the retransmission of an SR, but instead this document discusses the usefulness of introducing an SR delay for the first transmission of an SR.

2 Discussion
For certain types of traffic the frequency of SR transmissions may be quite high due to many small UL transmissions. This may happen for instance for normal interactive TCP traffic, where there is a need to send requests for frequent TCP ACKs or for conversational speech and/or video traffic which has frequently occurring UL transmissions. For some traffic scenarios it is important to send SRs as quickly as possible. However, since this may for instance impact the throughput of TCP traffic, sending an SR can be delayed if the eNB knows or can estimate the traffic pattern and can periodically provide a grant to the UE when necessary, e.g. conversational speech or video. Hence, if we want to introduce a way to delay or inhibit an SR it is important to be able to configure this per logical channel, because different types of traffic will be impacted differently when introducing SR delays.

Observation 1 To delay or inhibit an SR, it should be possible to configure it individually per logical channel. 
In a highly loaded cell with many active UEs, the frequency of transmitted SRs is very high. For the traffic scenarios where SRs can be delayed without any impact on the performance, it would be beneficial for the radio system to delay or inhibit an SR in these specific cases. For certain logical channels where the eNB can predict the UL traffic better, it would be an advantage if an SR triggered for this logical channel would be prohibited or delayed considering that the eNB would anyway provide a grant to the UE based on the traffic type. By decreasing the amount of SRs triggered, the load on the SR channel decrease and thus the number of grants sent by the eNB will decrease. The UE may in some cases be able to remain longer in the DRX sleep state which would improve the battery life time.
Observation 2 For a logical channel, inhibiting or delaying the triggering of an SR can improve the radio capacity and result in improved battery life time for the UE. 
If we were to inhibit a triggered SR altogether for a logical channel this would create a potential risk because even if the eNB tries to estimate the need for UL transmissions for the logical channel it may happen that the estimate results in either too frequent grants or too infrequent grants, as follows:
· eNB is sending grants too frequently: This causes unnecessary load and interference on the PDCCH and the PUSCH channels, and results in unnecessary transmissions in the uplink. The UE would waste power for only sending padding.

· eNB is sending grants too infrequently: This results in unnecessary long latency for this type of traffic. If for instance TCP traffic is used, long latency for TCP ACKS will result in lower throughput than if the TCP ACK would be sent with short latency. There is also a risk that the UE is ordered to go to RRC idle state before even having the chance to notify the eNB that it has data to send. This will result in an unnecessary switch from RRC connected state to RRC idle state and back again to RRC connected state to be able to transmit the data.
 As an example of when it is difficult for the eNB to predict the UL transmissions by the UE is when a UE has a configured speech radio bearer but where the UE is currently in silent state, then the eNB cannot easily estimate when the UE will switch back from silent state to talk state. This case would therefore require the UE to send an SR to notify the eNB when it needs to switch back to talk state again, because the eNB will not be able to estimate the grant timing in this case.
Observation 3 Completely inhibiting an SR for certain logical channels may cause a risk of bad radio and UE performance or unnecessary long latencies for the data.
To avoid the risk of causing bad radio performance and unnecessary battery usage by the UE because of too frequent grants, and at the same time avoid too long latencies because of too infrequent grants, it is necessary to use a delayed SR rather than a completely inhibited SR. By delaying an SR up to a maximum configured value for a specific logical channel, it is guaranteed that the latency for UL transmissions will not exceed the SR delay even if the eNB grants the UE rather infrequently in order to save radio resources.

Observation 4 It is possible to avoid the risks if the eNB does not know when the UE is transmitting UL data by using a delayed SR instead of completely inhibiting the SR. This is due to the increased latency being limited by the length of the SR delay.

3 Conclusion
In this contribution we discuss the benefits of delaying the triggering of an SR provided for a logical channel. In section 2 we made the following observations:
Observation 1
To delay or inhibit an SR, it should be possible to configure it individually per logical channel.
Observation 2
For a logical channel, inhibiting or delaying the triggering of an SR can improve the radio capacity and result in improved battery life time for the UE.
Observation 3
Completely inhibiting an SR for certain logical channels may cause a risk of bad radio and UE performance or unnecessary long latencies for the data.
Observation 4
It is possible to avoid the risks if the eNB does not know when the UE is transmitting UL data by using a delayed SR instead of completely inhibiting the SR. This is due to the increased latency being limited by the length of the SR delay.


Based on the discussion in Section 2, we can see that there is an advantage to associate an SR delay for certain logical channels since this may increase the radio capacity and improve the battery life for a UE. To avoid the risks of getting too long delays, we propose to associate a logical channel with a certain SR delay rather than inhibiting the SR altogether for the logical channel. We propose the following:

Proposal 1 Specify an SR delay for a specific logical channel, which will delay the triggering of an SR for this logical channel up to a configured maximum delay.
Proposals for CRs on the MAC and RRC specifications are provided in [1] and [2].
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