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1 Introduction
In the LS R1-101719 from RAN2, RAN1 is asked to provide detect reliability and feasibility on sharing PUCCH-SR among more than one UE and probability of successful decoding of one PUSCH transmission after one single transmission (no HARQ) in case two UEs perform a transmission on the same resource. 
The basic idea is to share the PUCCH-SR, a typically under-utilized resource, among several UEs which allows limiting the PUCCH-SR overhead while offering frequent SR occasions to many UEs [2][3][4]. To enable this kind of SR sharing, there are two candidate schemes presented:

· Scheme 1 (Sharing with PUCCH format 1): the same Rel-8/9 PUCCH-SR with PUCCH format 1 is assigned to more than one UE.
· Scheme 2 (Sharing with PUCCH format 1a/1b): PUCCH format 1a or format 1b is used for SR, each constellation point of BPSK/QPSK could be assigned to a UE for indicating SR but the RS are the same for all UEs. 
In this contribution, to answer the three questions raised by RAN2 detailed analysis and link simulation are given.

2 Q1 on scheme 1 (Sharing with PUCCH format 1)
The main point of Scheme 1 (Sharing with PUCCH format 1) is that more than one UE share the same CS and OC cover at the same PUCCH RB for SR transmission which it is difficult for eNB to know exactly  which UE send out the SR. For Scheme 1, three scenarios are possible: no UE, exactly one UE or more than one UE indicates scheduling request on PUCCH-SR in the same TTI. The question RAN2 would like RAN1 to answer is if the eNB can detect reliably between [no UE indicates scheduling request] and [one or more UE indicates scheduling request] with this scheme (Q1 [1]). 
In Rel-8/9, energy detection is used for SR detection of a single UE assuming a threshold (satisfying a fixed false alarm probability). For scheme 1, several users were assigned the same resource (OC cover and CS) for SR transmission. When multiple UEs send the SR indicator in data space and use the same pilot, the SR indicators from multiple UEs are combined naturally at the receiver to ensure the energy detection.  If the actual number of UE is 1, the result is completely the same as that of Rel-8/9. If the actual number of UEs is more than 1, the performance of missing probability could be lower than that of Rel-8/9 when keeping the false alarm probability the same as Rel-8/9.
The simulation result for scheme 1 is presented in Figure 1. In this simulation and what follows, the simulation assumption follows what in Table 1 in Appendix A. Open-loop power control is used to ensure similar received power from each UE at the eNB so the UE have the same power is assumed by the following simulation. Furthermore, we only simulated the case of sharing one SR by 2 UEs of same power, for more than 2 UEs or with different power, the trend of the performance will be the same.  
Figure 1 Detection performance for SR sharing with PUCCH format 1.
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Given the 1% false alarm probability the performance of 2UEs gets improved by 3.6dB at 1% missing probability which verifies the above analysis.
Based on the analysis, the following answer to Q1 can be made:
For Q 1: The eNB can detect reliably between [no UE indicates scheduling request] and [one or more UE indicates scheduling request] with scheme 1.
3 Q2 on scheme 2 (Sharing with PUCCH format 1a/1b)
For Scheme 2, there are also three possible cases: no UE, exactly one UE or more than one UE indicates scheduling request on PUCCH-SR.  Compared with Scheme 1, one merit of Scheme 2 is eNB can identify UE even with simultaneous SR transmission from several UEs on a same resource in logic. However, the performance will depend on the receiving performance which is not clear. So, RAN2 ask RAN1 to study the feasibility and detection performance for each case above with this scheme (Q2 in [1]). In this paper, we only give out the performance of format 1a since there is no essential difference between format 1a and format 1b.
For sharing with format 1a, +1 or -1 is assigned to two UEs respectively for indicating SR as showed in Figure 2. 
Figure 2 Constellation point assignment for indicating SR.
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At receiver side, the coherent detection is used to distinguish the two UEs as that for receiving ACK/NAK of format 1a. It could be briefly described and analyzed as follows:

· For UE1, set threshold1 to guarantee the false alarm probability of 0 (DTX) to 1 satisfying a given value for any noise power level assuming only UE1 will use the SR resource. Similarly, for UE2, set the corresponding threshold2. Obviously, if the error decoding probability of 0 to 1 and 0 to -1 is set as the same, threshold1=-threshold2 ideally. See Figure 3 for an illustration and the said false alarm for both UEs are set as 1% in the following simulations.
Figure 3 CDF of received signal for UE1 and UE2.
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· At receiver side, eNB will respectively decode SR for UE1 and UE2 by comparing the received signal with their respective threshold. Note there will be only one output after ‘coherent’ receiving at eNB no matter actually how many UEs transmitted SR because of undistinguishable RS.
The decoding performance analysis and simulation results for case by case is: 
· If none of UEs transmitted SR, there could be false alarm either for UE1 or UE2 with the given probability 0 to 1 or 0 to -1 corresponding to the set thresholds. 

· If exactly one UE, say UE1, transmitted SR, the channel fading estimated through RS will only match UE1. Therefore, for UE1, the missing decoding performance is the same as ACK-to-DTX which is very good (see Figure 4). And for UE2, the false alarm is the same as probability of NAK-to-ACK in Rel-8/9. 
Figure 4 ACK/DTX decoding performance with PUCCH format 1a.
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· If both two UEs transmitted SR, the channel fading estimated through RS is the composed channel fading from both UEs. Generally, the decoding performance is bad for both UEs, especially when the power difference of two UEs is small which is the most case of PUCCH because of open loop power control. Figure 5 shows the simulation result.  
Figure 5 Decoding performance of SR sharing with format 1a.
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We can see the missing probability of 0dB offset case, for both UEs, are almost the same and approach 50% when Es/N0 gets increased. Also, as expected, the missing probability for UE1 (with larger power) gets decreased while the missing probability for UE2 gets increased. However, the missing probability is still very high. Besides, as Es/N0 gets increased, the noise power will become very small and finally only signal power of the two UEs are interfering with each other. Thus, the floor can be expected for the missing probability for both UEs.

The results above assume the same detection method for ACK/NAK detection is used for shared SR. However, the simultaneous SR performance can be improved by introducing and appropriately setting an additional threshold level. For example, introduce two thresholds energy detection to distinguish [No UE] with [one or more UEs] and [at most one UE] with [two UEs] as the first step. Next, for the case of [two UEs], allocate UL grant to both UEs correspondingly. For the case passing threshold 1 but not passing threshold 2 which can be interpreted as [at most one UE], carry out coherent decoding described above. Then, only when the actual 2UEs case was missed as [at most one UE] case, these two UEs will experience the bad decoding performance as shown in Figure 5. Thus, the overall missing performance for actual 2UEs case will get a lot of improvement. On the other hand, even eNB could not detect any UE after the coherent detection eNB can pick one UE at least as energy detection is passed at first step. In a word, in case of two UEs indicate the SR at the same time, at least one of them can be reliably detected.
For the detection of [No UE] with [one or more UEs] the performance is almost the same with Scheme1.  For the detection of [at most one UE] with [two UEs], the difficulty using energy detection is to set an appropriate threshold. Take Figure 6 for an illustration, if the threshold is set lower (the one on the left), the false alarm probability from 1UE to 2UEs will get higher which results in assigning more than needed uplink resource for the first UL-SCH transmission but the missing probability from 2UEs to 1UE will get lower on the other hand. 
Figure 6 Energy distribution of different number of UEs.
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The figure 7 shows that the energy detection performance between [at most one UE] and [two UEs] with the different false alarm probability from 1 to 2(1 UE is detected as 2 UE at eNB) using different threshold: 

Figure 7 Energy detection performance between [at most one UE] and [two UEs].
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With the false alarm probability from 1 UE to 2 UEs increased from 21% to 56%, the missing probability from 2 to 0/1 can go down from around 35% to 11%.
For scheme 1, two uplink resources are always needed for the first UL-SCH transmission. In case only one UE indicates SR, the eNB can identify which of the two UEs it is at scheme 2 which only one uplink resource is needed. Considering the false alarm probability from 1 UE to 2 UEs is 21%~56% for scheme 2, 79%~44% uplink resource will be saved compared to scheme 1. While in case of two UEs indicate the SR, at least one of them can be reliably detected in scheme 2 as that in scheme 1 but with 35%~11% higher missing probability of the other UE compared to scheme 1. 
Based on the analysis, the following answer to Q2 can be made:
For Q2: The eNB can detect reliably between [no UE indicates scheduling request] and [one or more UE indicates scheduling request] with scheme 2. In case only one UE indicates SR, the eNB can identify which of the two UEs it is. In case of two UEs indicate the SR at the same time, at least one of them can be reliably detected. 
4 Q3 for PUSCH collision

The simulation assumption was made as that in Table 2 in Appendix A in order to get the probability of successful decoding of one PUSCH transmission in case two UEs perform a transmission on the same resource. 
Three cases QPSK 1/2,QPSK 1/3,QPSK 1/6 are simulated to show how the coding rate influence the result which displayed from figure 8 to figure 10.  
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Fig. 8.  BLER Performance for QPSK 1/6
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Fig. 9.  BLER Performance for QPSK 1/3  
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Fig. 10.  BLER Performance for QPSK 1/2
At the receiver side if the CRC passed we count is as a valid packet. The BLER reflect the possibilities of both packets are missed. The observation from figure 8 to figure 10 is that the BLER performance will deteriorate with the increasing of the code rate. On the other hand the BLER performance can not go down to the target 10% even when SNR is high as two UEs are interfering with each other. At the same time with increasing of the power difference the BLER performance gets better. 

From figure 10, we can see that when the TBS is about 288 bits, the probability of detecting any one of the two PUSCHs correctly is about 50% when the power difference is 0dB. It can be easily predicted that when the TBS is larger, the probability of detecting any one of the two PUSCHs from two users correctly will decrease. Table 1 shows that trend clearly. As the common TCP size is 392, the BLER could be more than 70% without increasing the RB number as the coding rate will be higher than 2/3 with QPSK.
                                           Table 1. BLER floor for different packet size(2 RB)
	Supported packet size at 2RB
	BLER floor when 2 UE have the same power
	BLER floor when one UE has 6dB power higher

	144
	29%
	11%

	192
	24%
	13%

	288
	50%
	30%


Based on the analysis, the following answer to Q3 can be made:
For Q3: The decoding performance depends very much on the packet size, coding rate, power difference between two UEs, etc. In general, it is difficult to decode the packet correctly if two UEs transmit on the same resource (error floor higher than 10% BLER), so the supportable data rate is very low.
5 Conclusions
In this paper, we studied the feasibility and performance of two schemes of SR sharing: sharing with PUCCH format 1 and format 1a/1b. The conclusion is drawn as following:

For Q1: The eNB can detect reliably between [no UE indicates scheduling request] and [one or more UE indicates scheduling request] as in Rel-8.

For Q2: The eNB can detect reliably between [no UE indicates scheduling request] and [one or more UE indicates scheduling request] with scheme 2. In case only one UE indicates SR, the eNB can identify which of the two UEs it is. In case of two UEs indicate the SR at the same time, at least one of them can be reliably detected. 
For Q3: The decoding performance depends very much on the packet size, coding rate, power difference between two UEs, etc. In general, it is difficult to decode the packet correctly if two UEs transmit on the same resource (error floor higher than 10% BLER), so the supportable data rate is very low.
We propose that the answers given above are included into LS to RAN2.
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Appendix A. Simulation setup for the simulation 
Table 2 Simulation assumptions for PUCCH SR sharing.
	Parameter
	Assumption

	System bandwidth
	1.4 MHz

	Carrier frequency
	2 GHz

	Channel model
	TU 9

	UE’s velocity @ Doppler frequency
	3 km/h 

	Cyclic prefix
	Normal cyclic prefix

	Interference
	AWGN

	Channel estimation (when coherent receiving)
	DFT based

	Number of antennas
	Tx 1, Rx 2 (MRC receiver for format 1a)

	Number of Users
	1 or 2


 Table 3  Simulation assumptions for PUSCH 
	Parameter
	Assumption

	Number of simulation
	10,000 TTIs

	Carrier frequency
	2.0GHz

	System bandwidth
	5MHz 

	Frequency hopping
	Type 1 PUSCH hopping

	Modulation scheme
	QPSK 1/6, 1/3, 1/2

	Channel coding
	Turbo coding 

	Cyclic prefix
	Normal cyclic prefix

	Channel model
	TU 9

	UE’s velocity @ Doppler frequency
	3 km/h 

	Channel estimation
	Freq. domain: DFT based interpolation

Time domain: Linear interpolation

	Number of antennas
	Tx 1, Rx 2 (MMSE receiver)

	RB number for PUSCH
	2RB

	Number of Users
	2

	Reference signal sequence
	Zadoff-Chu sequence;

 Same for all UEs;

	Power difference between two UEs
	0dB, 6dB, 
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