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1. Introduction

Background traffic comprises sparse and generally small packets.  Sub-frames carrying background traffic are relatively rare and therefore the need for SR transmission is similarly infrequent. TR 36.822 provides the PUCCH resource utilisation for Scheduling Request (SR) in which it has been seen that for most traffic, the usage ratio of PUCCH allocated for SR is very low[2]. In last meeting, this topic is discussed and it seems enhanced and optimized method for SR transmission should be considered to facilitate potentially large user populations in connected mode [3]. In this contribution, we further discuss the above scenario and propose an approach for enhancing the SR resource usage by considering combined PUCCH and RACH for SR transmission.
2. Discussion 
[1] has evaluated the usage of D-SR and RACH for SR by UEs with background applications.While the UE is connected to the network, the network may configure dedicated scheduling request (D-SR) resources. If a UE is required very fast allocation of UL resources for high priority bearer, 1ms D-SR could be configured for the UE.  Depending on the UE bearer requirement, the network may allocate the short or long D-SR periodicity. 
Considering that background application only generate traffic very infrequently and also background application is delay tolerant, there is no requirement for urgency in transmission of the traffic. Therefore, it is not seen necessary to keep the UE configured with D-SR. therefore the network may configure a D-SR with long periodicity upon detection of long inactivity of user traffic other than what generated by background applications. Value range extension of D-SR interval was proposed in [4].

Even though there is no urgency of transmission of traffic generated by background applications, the RRC_Connected UEs require fast access to the network in order to deliver measurement reports for mobility support and also when the delivery of data belong to high priority bearers (with stringent latency requirements). Current RA procedure and RACH capacity is designed to satisfy the low latency requirement hence the collision probability on the RA access is kept low. Additionally PRACH is configured frequently in order to reduce the UE’s wait time for a RACH opportunity. 

On the other hand, the scheduling request due to traffic belong to background application has low QoS requirement. Even though the data is generated infrequently there may be many UEs with background application running. [1] has shown that the required RACH capacity by background application is very large if the RACH collision probability is kept the same as normal RACH access.

The above discussion concludes that the SR trigger due to background traffic may not be efficiently handled in the same way as SR trigger due to data arrival on high priority bearers. 

Proposal 1: SR triggered due to traffic arrival from background application should be treated differently from that of normal (Rel-8/9) SR trigger. 
Based on current specification, RACH or D-SR can be used to transmit SR in different scenario separately. RACH is used if the UE has no valid D-SR resource for SR configured in any TTI and if the UE has a valid D-SR resource for SR configured, the SR will be transmitted on D-SR. therefore if the PUCCH resource for SR is configured, then the RACH will not be used for SR transmission.

The allocated resources on D-SR for sending an SR are dedicated and are periodic. In order to achieve high D-SR resource utilisation ratio, long D-SR could be configured considering large number of UEs with background traffic running. However, the long D-SR configuration also results in long delay to the SR transmission. The resulted long delay is acceptable for the infrequent, delay tolerance data from background applications. However, the delay from long D-SR may not be acceptable for data arrival from delay stringent applications (eg: measurement reports). Therefore, there needs to be another mechanism for SR transmission for SR originated from more time critical applications. 

The decision to keep the UEs (with background applications) in RRC_Connected is due to the possible RRC signalling reduction. Otherwise the UEs may have been sent to idle maximising the UE power saving. Unless there wasn’t background application running, these UEs may have been in RRC_idle. However, when in RRC_Connected, mobility procedures and latency requirement by RRC_Connected UEs should also be supported. 

Therefore we proposed to have long D-SR for support of SR from background traffic while SR on RACH for SR request due to other purposes (eg: measurement report and high priority data arrival)
Proposal 2: Both D-SR and RACH can be used for SR transmission simultaneously by RRC_Connected UEs 

Given that the combination of D-SR and RACH are used, the combined scheme provides the advantages of both D-SR and RACH resource allocation. One possible solution of combined RACH and D-SR scheme is explained in Figure 1.
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Figure 1: The illustration of the proposed SR transmission scheme (there is only one traffic is running)

Refering to Figure 1, if a SR is triggered (pending), “SR time window” in UE will be started. If there is configured D-SR resources available wihtin “SR time window”,  the UE transmits the triggered SR in the configured D-SR. however, if there is no configured D-SR opportunity within “SR time window”, the UE perfoms the RACH for Schedulign reqest in the next available RACH opportunity.

Considering that there is possibility for accessing on RACH for Scheduling request if the triggered SR requires urgent transmission, the SR can be set to a larger value. The RACH transmission for SR can be a good complementary solution of the reserved periodical D-SR method to guarantee the delay of SR transmission.
Since there is different delay requirement for different kind of traffic, “SR time window” can be configured to cater for different delay requirements. For example, “SR time window” could be configured per LCG. 
SR delay performance with combined D-SR and RACH approach is shown in Figure 2. The background traffic is generated based on the geometric distribution as per (R2-120578) with estimated mean arrival interval with 3.41 sec. The SR delay is function of “SR time window”. With the combined D-SR and RACH scheme, “SR time window” for SR due to background application could be set to long value thus the generated SR would mainly be transmitted on configured long D-SR opportunities. Therefore, RACH load doesn’t increase due tot eh background applications. In other words, the current RACH configurations without increasing the PRACH resources could be used.
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Figure 2: SR delay performance of combined D-SR/RACH approach
Proposal 3: RAN2 to consider the combined D-SR/RACH procedure for enhancing the SR resource usage by background applications.

3. Conclusion

This contribution discusses the SR transmission requirement from background applications taken into account it infrequent and delay tolerance characteristics. If the SR transmission due to background traffic could be differentiated from that of current usage of SR, the radio resources could be efficiently configured. The following proposals are made:
Proposal 1: SR triggered due to traffic arrival from background application should be treated differently from that of normal (Rel-8/9) SR trigger. 

Proposal 2: Both D-SR and RACH can be used for SR transmission simultaneously by RRC_Connected UEs. 

Proposal 3: RAN2 to consider the combined D-SR/RACH procedure for enhancing the SR resource usage by background applications.
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