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1 Introduction

In RAN1#47bis meeting, the non-contention based scheduling request procedure was agreed for synchronized users [1]. According to the agreement, it is necessary to transmit one bit Scheduling Request Indicator (SRI) in a contention-free way. This contribution is related to the transmission of SRI and the multiplexing of SRI with other UL control signaling. 
2 Discussion
The following issues should be considered when designing SRI format and multiplexing scheme:
· Overhead

· Capacity 

· Performance 
Considering the UL control signalling overhead, especially for small bandwidth (like 1.25MHz), and for more flexible resources assignment between different signalling, it is beneficial to multiplex both SRI and other UL control signalling (e.g.  ACK and CQI) into one RB when there is no data to be transmitted in UL. So, the similar format as that used for PUCCH is preferable. An attractive candidate is to transmit SRI using the same structure as used for ACK/NACK transmission [2].
According to the current working assumption, the multiplexing of ACKCH is CDM based and the coherent detection with 3 pilot blocks is adopted [3]. The CDM based structure for UL ACKCH, i.e. by block-wise spreading in time domain and cyclic shifts of CAZAC sequence in frequency domain, could be reused for SRI transmission. Coherent detection could also be directly applied for SRI transmission. However, considering that SRI only has two states (on-off keying) and non-coherent detection can provide better multiplexing capacity than coherent detection, we prefer to adopt non-coherent detection and only positive SRI need to be transmitted.
For non-coherent detection based SRI transmission structure, SRI and other UL control signalling can be multiplexed into one RB by allocating to different ZC cyclic shifts. In this case, 7×N (N<=6) UEs can be supported for SRI transmission per RB with N cyclic shifts of ZC assigned to SRI. The cost is 3×N ACK (or equivalent to 1×N CQI) opportunities reduced in this RB. As shown in Figure 1, ACK uses SF=4 and SF=3 in time domain for its data LBs and RS LBs respectively, while SRI uses SF=7 in time domain for all LBs per slot. Therefore, 1 RB per subframe can support, for example, 2 CQI + 6 ACK+14 SRI together. This is appropriate to deal with the uplink control signalling overhead for small bandwidth like 1.25MHz.  
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Figure 1:
 multiplexing of SRI with ACK: by different ZC cyclic shifts in the same RB
For more efficient utilization of the limited uplink control resources, SRI can occupy the code resources unused by ACK data LBs in the same RB. According to the current structure for UL ACK transmission, there are 24 code resources for ACK/NACK signal and 18 code resources for its RS within one RB. Due to coherent detection of ACK/NACK, the multiplex capacity of ACKCH is just 18 within one RB. There are 6 code resources unused. As mentioned, non-coherent detection for SRI preferred, therefore these remained code resources could be used for SRI transmission. The multiplexing structure of SRI with ACK is illustrated in Figure 2. The code resources assignment is FFS. 
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Figure 2:
multiplexing of SRI with ACK: SRI occupies the code resources unused by ACK data LBs
Considering that VoIP traffic has the most stringent delay requirement, while VoIP voice packet arriving interval is 20ms, it is reasonable to assume scheduling request opportunity is provided once for one UE every 20ms. With this approach, additional SRI opportunity could be provided for up to 120 UEs per RB without reducing any ACKCH.

As for the performance, we give our link level simulation evaluation in next section.
3 Performance evaluation
In this section, we only simulate the performance of the additional SRI based on figure 2. For the case of multiplexing of SRI with ACK by different ZC cyclic shifts in the same RB, better performance can obviously be achieved. References can also be seen in [4]. 
The multiplexing of SRI between different UEs and the multiplexing of SRI with ACK is based on Walsh spreading between blocks and cyclic shifts of ZC sequence inside blocks. The block-wise spreading factor is 4, and 6 cyclic shifts of ZC sequence are used. The SRI transmission spans 8 blocks over the whole TTI. Slot based frequency hopping is adopt for frequency diversity. We simulated the scenario that 12 codes used in one RB (i.e. load =0.5). The received power of all these codes is assumed to be the same at eNB.
Here the threshold for non-coherent detection is set according to the average interference level for a certain SNR. It is reasonable to keep the probability of false alarm in the order of 1x10-3. Simulation assumptions are list in Table1.

Table 1:  Link level simulation assumptions

	Parameter
	Assumption

	Channel model
	TU

	Carrier frequency
	2.0GHz

	Bandwidth
	5MHz

	Sub-carrier bandwidth
	15kHz

	FFT size
	512

	Frequency hopping
	Intra TTI slot based hopping

	Number of TX antennas
	1

	Number of RX antennas
	2 (uncorrelated) selective combining

	Detection
	OOK: detection threshold was set to the value
satisfying false alarm rate of 10-3

	UE speed
	30km/h


The probability of missed detection and false alarm is shown in Figure 3.
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Figure 3:
 Probability of missed detection and false alarm, TU channel, 30km/h, 1Tx×2Rx.

As shown in Figure 3, if we assume that target probability of missed detection is the order of 1-5% [4], UEs with SNR > -4dB could meet this requirement. 
4 Summary
In this contribution, we propose to transmit Scheduling Request Indicator using the similar format as that used for ACK/NACK, but with non-coherent detection. In order to reduce the UL control signalling overhead, especially for small bandwidth like 1.25MHz, it is reasonable to allow for multiplexing both SRI and other UL control signalling (e.g. ACK and CQI) into the same RB. 
SRI and other UL control signalling can be multiplexed into the same RB by allocating to different orthogonal cyclic shifts of a ZC sequence. Additionally, SRI can use the code resources left by ACK data LBs for more efficient utilization of the UL control signalling resources. Link level performance shows that SRI requirement can be achieved by the UEs with better channel condition, even in the case of SRI transmission using the code resources left by ACK/NACK transmission.
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