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1. Introduction

During 3GPP RAN1#49bis meeting, it is agreed to use a dedicated scheduling request channel. In [1], a dynamic mechanism was proposed to provide an efficient way for transmitting scheduling requests. Overhead analysis is given in [3] assuming open loop power control. It is shown to have much lower overhead compared to the static approaches. With agreed uplink power control for PUCCH, closed loop power control can then further reduce the overhead of the dynamic approach as shown in the Annex. 
This contribution provides detailed dedicated scheduling request channel design:

· Configurable SR group size with static dedicated SR scheme as a special case;

· SR channel uses the PUCCH transmission structure.

2. Uplink Scheduling Request Channel
The dynamic scheduling request procedure is described as follows –

2.1. SR group with configurable size
UE that needs to transmit synchronous SR is assigned to a SR group. Each group is then assigned a SR indicator/sequence and a C-RNTI. The group size is configurable by the eNB. The group may consist of a single UE and the C-RNTI is just the UE ID. Therefore, the static approach can be implemented as special case in the case that the system is lightly loaded.
2.2. SR channel in PUCCH
The SR dedicated channel can be included in the agreed PUCCH transmission structures. Small modification may be needed, for example, for non-coherent detection.
2.3. SR resource allocation
For SR group with size larger than 1, the SR indicators from multiple UEs within the same group are combined naturally at the receiver to provide an approximate indication of the number of requests.
Node B allocates resources via a regular uplink resource grant using the C-RNTI reserved for each group. The amount of resources allocated (i.e. the number of resource blocks) depends on the amount of detected energy when the SR group size is larger than 1.
2.4. SR information transmission
2.4.1. SR group with single UE
When the SR group only includes one UE, the transmission of SR information is the same as regular uplink data transmission. UE monitors the uplink grant for its UE ID and subsequently sends a scheduling request on the assigned shared data channel.

2.4.2. SR group with multiple UEs
When the SR group consists of multiple UEs, UE then monitors the uplink grant for the reserved C-RNTI and subsequently sends a scheduling request on the assigned shared data channel using UE specific sequence. The format of the scheduling request is illustrated in Figure 1. When more than 1 UEs from the group transmit SR preamble and message, the preamble is orthogonal while the message part is multiplexed by spreading/scrambling. An alternative approach is that the UE sends the preamble only using the dynamically allocated resource (in PUCCH). The SR message is then sent after the eNode-B detects the preamble and allocates resource.
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Figure 1 – SR message transmission format
The contention is solved by two steps: distinct group indicator and UE specific preamble. Therefore, just one sequence per group needs to be semi-statically reserved. Overhead analysis shows that the dynamic approach has much smaller overhead compared to the static dedicated channel approach.
The size of the SR group depends on the number of orthogonal preamble sequences available per SR group as shown in Figure 1. The SR group size (1, 6, 12 and 24) and the associated SR preamble format can be configured by the eNB.
3. Conclusions

In this contribution, overhead analysis of the uplink scheduling request mechanism shows that the dynamic approach has much smaller overhead compared to the static dedicated channel approach for synchronized SR transmission. The proposed dedicated SR scheme has configurable SR group size with dedicated SR scheme as special case. The dedicated SR channel should be included in the PUCCH structure.
Annex A – Overhead Analysis

The overhead of SR includes the resource reserved for indicators and the resource dynamically granted for SR messages. Two approaches are compared here: the static dedicated channel approach and the dynamic approach proposed. To compare the overhead, the following assumptions are made:

1) Maximum interval between the SR indicator instances for each UE is  1 or 5 ms.

2) 288 UEs per sector. For dynamic approach, there are 12 SR indicators and 24 UEs per SR indicator.
3) 5 MHz bandwidth with total 25 RB.

4) The SR message can be sent within 1 RB per UE for static approach. For dynamic approach the overhead for sending the SR message depends on the performance of estimating the number of UEs sending SR indicator by energy detection. For ideal estimation, we also assume 1 RB per UE per SR message. For non-ideal estimation, the following analysis is given in Section 0.
Table 1 Overhead comparison: static versus dynamic dedicated SR schemes.
	Overhead
	Static
	Dynamic (1ms delay)

	
	1 ms delay
	5 ms delay
	Ideal Closed-loop PC
	Open-loop PC

	Indicator*
	7 RB/TTI
	~1.4 RB/TTI
	~1/4 RB/TTI

	Message
	1 SR/0.3 sec
	1 RB/TTI
	1 RB/TTI
	(1, 1.8) RB/TTI

	
	1 SR/1.5 sec
	1 RB/5 TTI
	1 RB/5TTI
	(1, 1.8) RB/5TTI

	Total
	1 SR/0.3 sec
	32%
	9.6%
	5%
	(5, 8.2)%

	
	1 SR/1.5 sec
	28.8%
	6.4%
	1.8%
	(1.8, 2.44)%


*Assume that 1 RB can support 42 sequences.
As shown in Table 1, the overhead of the dynamic approach depends on the uplink power control for PUCCH channel and the arrival rate of the uplink SR. For all the cases studied here, the dynamic approach has significantly less overhead comparing to the static approach.
Annex B – Estimating the number of UEs by energy detection

The performance of estimating the number of UEs sending SR indicator depends on the format of the SR indicator and the arrival rate of the SR indicators. 

Table 2 shows the probabilities of a number of UEs send the same SR indicator/sequence at the same TTI assuming total 24 UEs use the same SR sequence. With 1 SR per UE per 300 ms, the probability of 3 UEs sending the same SR indicator is ignorable. 

Table 2 Probability of number of SR indicators per TTI per group of UEs.
	Arrival rate
	0 SR per TTI
	1 SR per TTI
	2 SR per TTI
	3 SR per TTI
	4 SR per TTI

	1 SR/300 ms
	92.3%
	7.38%
	0.3%
	0.008%
	~ 0%

	1 SR/1.5 sec
	98.4%
	1.57%
	0.013%
	~ 0%
	~ 0%


Multiple thresholds are needed for energy detection to estimate the number of UEs. The first threshold is to detect whether there is at least one UE sending SR indicator. This first threshold should be the same as in the static dedicated approach to assume certain detection and false alarm probabilities. The second threshold is needed to determine whether more than 1 UEs sent SR indicator and hence to grant more resource for SR message transmission. 

Figure 2 show the received energy distributions when different number of UEs transmit SR indicator assuming open loop power control, 2 receive antennas. Ideal close-loop power control is used in Figure 3. As shown in Figure 2 and Figure 3, the distributions of the received energy for 1 and 2 UEs are overlapped. 

With ideal closed-loop uplink power control, this overlap is ignorable and hence it is easy to differentiate 1 and 2 UE. With pure open-loop power control with no TPC for PUCCH, the second threshold is selected to optimize the overhead and delay performance. There is a probability of overestimating the number of UEs which results in assigning more than needed uplink resource for SR message transmission. On the other hand, there is a chance of underestimating the number of UEs and the Node-B may assign too little resource for SR message transmission. As a result, the first transmission of the SR message may fail and need HARQ re-transmission. Note that since the preambles are orthogonal between UEs, the Node-B should be able to detect which UEs sent the SR indicator and messages. The UEs need not send the SR indicator and preambles again. Only the SR messages need to be re-transmitted. 
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Figure 2 – Received energy distribution: open-loop power control.

[image: image2.png]— TUE
== 2UEs
=+ 3UEs

]
'
Thidsiisid 2
'
+
'
T
Threshold 1
0

Received Engeray (dB)

10




Figure 3 – Received energy distribution: ideal closed-loop power control.
The upper bound of the overhead is then given by set the second (and third, etc.) threshold(s) to insure ignorable probability of underestimation. The resulting overheads for SR message transmission are given in Table 3. With certain tolerance to re-transmission (and hence longer delay) of the SR message, the overhead decreases and is close to the idea estimation case which is the lower bound of the overhead. 
Table 3 SR message overhead: number of RBs/TTI per group.
	Arrival rate
	Ideal Closed-Loop PC
	Open-Loop PC

	1 SR/UE/0.3 sec
	~ 0.1
	< 0.14

	1 SR/UE/1.5 sec
	~ 0.02
	< 0.029


4. Conclusions

In this contribution, overhead analysis of the dynamic contention-free access mechanism shows that the dynamic approach has much smaller overhead compared to the static dedicated channel approach for synchronized SR transmission.
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