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1
Introduction
There were discussions in RAN2#76 meeting on the evaluation of D-SR resource utilization ratio [1], as well as on the improvement for D-SR resource [2]. After the meeting, the evaluation of D-SR resource utilization ratio was captured in the TR, an enhancement for diverse data applications [3], which is as follows:
Table 1 PUCCH utilisation ratio for SR
	Traffic Type
	Mean Packet Interval(ms)
	SR usage ratio

	
	
	80ms period
	10ms period
	5ms period
	1ms period

	Background (of IM) (1)
	6253
	0.67%
	0.008%
	0.04%
	0.008%

	IM (1)
	1905
	2.46%
	0.31%
	0.15%
	0.03%

	Gaming (2)
	44
	---
	22.7%
	11.4%
	2.3%

	VoIP (2)
	20 (160ms for SID frame, 50% activity factor is assumed)
	---
	31.3%
	15.5%
	3.1%

	Video Telephony (2)
	40
	---
	25%
	12.5%
	2.5%

	Web Browsing (2)
	2000
	3.3%
	0.04% 

	0.02%
	0.004%

	FTP (2)
	1000
	15%
	1.9%

	0.96%
	0.19%


It was concluded from the results that for most of the traffic, the usage ratio of PUCCH allocated for SR is very low. In this paper, based on these captured results and conclusions thereafter, an extended D-SR periodicity is proposed to improve the PUCCH resource utilization.
2
Discussion
The Scheduling Request (SR) is used for requesting UL-SCH resources for packets to be transmitted. Currently SR resource is reserved by assigning a period and subframe offset, which is configured by RRC signalling with sr-ConfigIndex [4]. The possible SR periods, the current specification supports, are 1ms, 2ms, 5ms, 10ms, 20ms, 40ms and 80ms. The detailed configuration is as in the following table [5]:
Table 2 SR periodicity and subframe offset configuration

	SR configuration Index 
[image: image1.wmf]SR

I


	SR periodicity (ms) 
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	SR subframe offset 
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	0 – 4
	5
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	5 – 14
	10
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	15 – 34
	20
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	75 – 154
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From the evaluation results in Table 1, for those traffic types with a long packet interval, e.g. web browsing with 2000ms packet interval, the SR resource usage ratio is very low e.g. 3.3% even SR is configured with the largest periodicity that is, 80ms. So in this case, extending the SR periodicity and configuration would improve the SR resource efficiency obviously. On the other hand, extending the SR periodicity will also extend minimum UL packet delay for UEs. Thus, there is a tradeoff between the SR periodicity and the minimum UL packet delay.
Currently SR is sent by PUCCH format 1, and up to 36 SRs could be multiplexed in one PRB by different cyclic shifts and orthogonal spreading formats but normally 18 SRs are multiplexed for better performance. Assuming that all UEs are configured with 80ms SR periodicity. If there would be one PRB per TTI reserved for SR, a maximum of 1440 UEs could be supported. This seems a large UE number, but for MTC, e.g., according to MTC UE number for RACH capacity evaluation in LTE, 5000~30000 UEs are considered [6]. Then the PUCCH resource reserved for SR is considerable. Furthermore, in carrier aggregation, all UL feedback, carried by PUCCH, is transmitted in Pcell, which further increases the PUCCH resource burden in Pcell. In such case, extend SR periodicity is helpful to decrease the SR resource overhead and more PUCCH resources could be used for UL feedback.
Based on the above discussion, we have the following proposal:
Proposal #1: Suggest RAN2 to consider the necessity of extending SR configuration. 
One possible method for extending the SR periodicity is to make the new periodicity M times of the old one, i.e, P’=MxP. This could provide sufficient flexibility and would enable several UEs to share an old SR resource via TDM. To distinguish the UEs with TDM for the same old SR with period P, an offset P_offset can be defined which varies from 0 to M-1 for periodicity extension to MxP. The M and the P_offset can be derived based on a table via indexing. One example is shown in Table 3, where index I’ indicates the extended SR periodicity and P_offset the configuration. The extended subframe offset N’_offset could be thereafter derived from the current SR configuration and the P_offset, that is shown in Table 4.
Table 3 Calculation of P_offset

	I’
	M
	P_offset

	0
	1
	I’

	1-2
	2
	I’-1

	3-6
	4
	I’-3

	7-14
	8
	I’-7


Table 4 Configuration for I’
	I’
	P’
	N’_offset

	0
	P
	(I’)*P+N_offset

	1-2
	2*P
	(I’-1)*P+N_offset

	3-6
	4*P
	(I’-3)*P+N_offset

	7-14
	8*P
	(I’-7)*P+N_offset


By this method, the SR periodicity could be extended to 160ms, 320ms and 640ms by introducing only 15 indexes. If we directly add these configurations to existing table, current ISR indexes need to be extended from 157 indexes to 1277 indexes which requires extra 1120 indexes. 
Proposal 2: If Proposal 1 is accepted, RAN2 is suggested to consider the SR configuration extension method above.

3
Conclusion
In this paper, the necessity of extending SR configuration is discussed, and one solution to extend SR configuration based on existing SR configuration is proposed. Based on the discussion, we have the following proposals
Proposal #1: Suggest RAN2 to consider the necessity of extending SR periodicity. 

Proposal 2: If Proposal 1 is accepted, RAN2 is suggested to consider the SR configuration extension method above.
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