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1 Introduction
In RAN1#88 and  #88bis meeting, the following agreements on shortened PUCCH (sPUCCH) format carrying up to 2 bits HARQ-ACK are achieved [1][2]. 
· For up to 2-bit ACK/NACK and SR (if any), the 2-symbol sPUCCH format is down-selected between

· Option 1: sequence based

· Option 1a: ACK/NACK are indicated by different combinations of cyclic shifts on symbols, with the cyclic shifts on all symbols in each combination are NOT all the same. 

· Option 1b: ACK/NACK are indicated by different cyclic shifts, with the same cyclic shift on all symbols. 

· Option 2: DMRS based

· Option 2a:  TDM of 1 DMRS symbol and 1 or 2 data symbols 

· Option 2b: DMRS sequence and data sequence are transmitted on the same symbol with different cyclic shifts. 
· For evaluation until RAN1#89 to conclude on sPUCCH format for up to 2 A/N bits (no design is excluded):

· Transient impact should be evaluated in the front and/or in the middle and/or at the end of the sPUCCH transmission

· Multi-user simulation

· Up to three users

· Same received power

· No common transient model unless RAN4 feedback is received

· The following sPUCCH format carrying up to 2 bits HARQ-ACK and SR (if any) is supported for 7-symbol sTTI:
	 
	sPUCCH format carrying up to 2 bits HARQ-ACK + SR (if any)

	DMRS sequence
	Reuse legacy DMRS sequence for PUCCH

	Intra-sTTI hopping
	Non-hopping, and, Hopping

	DMRS pattern
	No hopping: Reuse DMRS pattern of PUCCH format 1/1a/1b 

For down-selection:

Hopping, option1: {D R D | D R R D} for the first slot, {D R R D | D R D} for the second slot

Hopping, option 2: {D D R | R R D D} for the first slot, {D D R R | R D D} for the second slot

Other options are not precluded
Note: OCC is not applied across hopping boundary

	Number of RBs for PUCCH resource
	1 RB


This contribution further discusses our design and corresponding evaluation results of 2-symbol and 7-symbol sPUCCH for ACK/NACK/SR transmission.
2  2-symbol sPUCCH
2.1 sPUCCH format for up to 2-bit ACK/NACK and SR
2.1.1 Comparison of different sPUCCH design 
In RAN1 #88 meeting, four options are specified for up to 2-bit ACK/NACK and SR (if any) in 2-symbol sPUCCH. In this section, different aspects that impact on the design are discussed. 
· Performance
For sequence-based Option1 and RS-based Option 2b, intra-TTI frequency hopping can be applied and ~3dB frequency diversity gain can be achieved. For 2-bit ACK/NACK transmission, additional 1.5dB gain can be obtained for sequence-based sPUCCH due to the loss of constellation distance of QPSK modulation for RS-based sPUCCH. Specifically, the minimum constellation distance of QPSK is
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. Then the accumulated distances of all 12 available REs is 
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for a 2-symol RS-based sPUCCH. However, the constellation distance of sequence-based method is 1 and there are 24 available REs, i.e., the accumulated distances is 24 which is 1.5dB larger. Detailed simulation results considering the impact of transient period are shown in the following of this section.  
· Detection complexity.  
It is known that channel estimation is always one of the most time-consuming processes, especially when advanced channel estimation such as MMSE is used. Furthermore, when referring to demodulation based on channel estimation, serial operation is utilized at the receiver. Specifically, channel estimation –> channel equalization–> BPSK/QPSK demodulation are processed serially. However, non-coherent detection can be applied for sequence-based method and parallel operation can be used for different blind detections. Therefore, sequence-based Option1 has the lowest processing latency and Option 2b with RS and data CDMed on each symbol have the highest processing complexity at the receiver.    
· Multiplexing capacity 
For sequence-based option, 2 or 4 cyclic shifts are needed for each UE for 1 or 2-bit ACK/NACK transmission respectively. That means the maximum multiplexing UEs number is 6 or 3 in each sTTI. For RS-based Option 2a, the multiplexing capacity is up to 12 UEs in each sTTI. And only 6 UEs can be multiplexed in each sTTI for RS-based Option 2b because RS and data are distinguished by different cyclic shifts on each symbol.
· PAPR
In Option 2b, both DMRS sequence and data sequence are transmitted on the same symbol. The PAPR in the time domain is larger compared to the other options. 
According to the above discussion, a comparison is given in Table 1. 
Table 1 Comparison of DL 2-symbol sTTI structure options
	Influencing factors 
	Sequence-based sPUCCH 
	RS-based sPUCCH

	
	Option 1a
	Option 1b
	Option 2a
	Option 2b

	Performance
	Frequency hopping gain, 

larger  accumulated  constellation distances for 2-bit  
	Frequency hopping gain, 

larger  accumulated  constellation distances for 2-bit  
	No frequency hopping gain, 
smaller accumulated  constellation distances for 2-bit
	Frequency hopping gain,

smaller accumulated  constellation distances for 2-bit 

	Detection complexity
	Low
	Low
	Median
	High

	Multiplexing capacity
	maximum 6 UEs for 1-bit and maximum 3 UEs for 2-bit per sPRB
	maximum 6 UEs for 1-bit and maximum 3 UEs for 2-bit per sPRB
	maximum 12 UEs per sPRB
	maximum 6 UEs per sPRB

	PAPR
	Low
	Low
	Low
	High


Regarding to the multiplexing capacity, Option1 can multiplex 6 or 3 UEs in each 2/3-OS sTTI, i.e. totally 36 or 18 UEs can be multiplexed in one sub-frame. That means similar multiplexing capacity has already achieved for sequence-based option compared to legacy PUCCH 1a/1b. Furthermore, it is already specified that the number of sTTI UEs is smaller than that of 1ms UEs in each sub-frame in SI phase, normally only 2~3 UEs in one sub-frame. The multiplexing capacity of sequence-based PUCCH is sufficient. Considering all the aspects discussed, we propose that Option 1 should be adopted for up to 2-bit ACK/NACK and SR transmission for 2/3 symbol sTTI.
Proposal 1：Sequence-based Option 1 with intra-TTI frequency hopping should be adopted for up to 2-bit ACK/NACK and SR transmission for 2/3-OS sPUCCH.  
In current LTE PUCCH 1/1a/1b, both inter-cell cyclic shift randomization and intra-cell cyclic shift remapping between slots are used. One reason is to randomize the interference from different multiplexing UEs from different cells in each slot. Therefore, interference randomization should be also considered for both Option 1a and Option 1b. In [3], we give a detailed design for sequence-based Option1, including the PUCCH resource indication, RB index and cyclic shift index determination and interference randomization, etc.   
2.1.2 Simulation results

To evaluate the impact of transient period, the following two cases are discussed in this section. 

· Case 1 : Single sTTI transmission. 

· Case 2 : Consecutive sTTIs transmission.

Since the transient model has not been specified in RAN4, the following two transient models discussed in RAN4 #82bis are both considered in our simulation. 

· Model-1 : the power is linearly changed in the transient period [4][5][6]. The time masks for the above two cases are shown in Figure 1. 
· Model-2 : the power in the transient period is zero [7]. 
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      Case 1 : Single sTTI transmission.                                      Case 2 : Consecutive sTTI transmission. 
Figure 1 Transient model-1 used for single sTTI transmission and consecutive sTTI transmission.
In RAN4, the transient time "x" on either side of the sTTI boundary is agreed as -/+ 10 us (20us in total) in between consecutive sTTIs with power change/frequency hopping [8]. Here the transient time "y" on either side of the symbol boundary between intra-TTI hopping is assumed as y=x=10 us  (20us in total). 
The performance of 1-bit and 2-bit ACK/NACK transmission for different options in 2-symbol sTTI is shown in Table 2~5. In our simulation, three performance metrics with targets including ACK missing probability (1%), NACK-to-ACK probability (0.1%) and DTX-to-ACK probability (1%) are applied. 
Table 2 SNR satisfying all performance metrics for 1/2-bit ACK/NACK transmission in 2OS sPUCCH, Case1, 1UE, Model-1/Model-2.  
	
	RS-based Option 2a
	Sequence-based Option 

	UCI payload
	Channel model
	-
	Transient period value y ( us)

	
	
	Baseline
	0 (Baseline)
	10 (Model-1)
	10 (Model-2)

	1-bit
	EPA
	3 dB
	0 dB (3dB)
	0.4 dB  (0.4dB)
(2.6dB)
	1.1 dB  (1.1dB) (1.9dB)

	
	ETU
	3.5 dB
	0.5 dB (3dB)
	0.8 dB (0.3dB) (2.7dB)
	1.3 dB (0.8dB) (2.2dB)

	2-bit
	EPA
	4.9 dB
	0.5 dB (4.4dB)
	1 dB (0.5dB) (3.9dB)
	1.6 dB (1.1dB) (3.3dB)

	
	ETU
	5.3 dB
	0.8 dB (4.5dB)
	1.3 dB (0.5dB) (4dB)
	 1.9 dB  (1.1dB) (3.4dB)


The blue values in the bracket are the performance degradation compared to the baseline for each case. The red values in the bracket are the performance gains of sequence-based design than RS-based Option 2a. Similar notes are also used in Table 3~5. 
As shown in Table 2, in case of single sTTI transmission with one multiplexing UE, we can have the following observations.  

Observation 1: If there is no transient period between intra-TTI frequency hopping, sequence based sPUCCH with frequency hopping has about 3 dB and 4.5 dB gain compared to RS-based Option 2a for 1-bit and 2-bit ACK/NACK transmission respectively.  
Observation 2: Even it indeed needs a transient period between intra-TTI frequency hopping and assuming y = 10 us with the power linearly changed in the transient period, sequence based sPUCCH still has about 2.6~4dB performance gain compared RS-based Option 2a for 1/2-bit ACK/NACK transmission.  
Observation 3: Even considering the worst case, i.e. assuming y = 10 us with zero power in the transient period, sequence based sPUCCH still has about 1.9~3.4dB performance gain compared RS-based Option 2a for 1/2-bit ACK/NACK transmission.  
Table 3 SNR satisfying all performance metrics for 2-bit ACK/NACK transmission in 2OS sPUCCH, Case1, 3UEs, ETU, Model-1/Model-2.  
	
	RS-based Option 2a
	Sequence-based Option 

	UCI payload
	Channel model
	-
	Transient period value y ( us)

	
	
	-
	0 
	10 (Model-1)
	10 (Model-2)

	2-bit
	ETU
	CSO=2: 7 dB (1.7dB)
CSO=4: 6 dB (0.7dB) 
	1.8 dB  (1dB) (4.2dB)/(5.2dB)
	2.2 dB (1.4dB) (3.8dB) /(4.8dB)
	 3.1dB  (2.3dB) (2.9dB) /(3.9dB) 


For both RS-based Option 2a and sequence-based design, the performance degradation for 2-bit transmission in ETU channel is severest. Table 3 gives the performance comparison in case of single sTTI transmission with 3 multiplexing UEs. For RS-based Option 2a, if the cyclic shift offset (CSO) is 4 for different UEs, e.g. cyclic shift indexes {0},{4},{8} are used for different UEs respectively, the SNR is 7dB. However the required SNR would increase 1 dB if the CSO=2. For sequence-based Option, cyclic shift indexes {0,1,2,3},{4,5,6,7},{8,9,10,11} are used for the 3 multiplexing UEs. 
As shown in Table 3, in case of single sTTI transmission with 3 multiplexing UEs, we can have the following observations.  
Observation 4: Considering the impact of transient period "y", even in the worst case with y=10us using model-2, sequence based sPUCCH still has about 2.9/3.9 dB performance gain compared RS-based Option 2a for 2-bit ACK/NACK transmission in ETU channel model. 

Table 4 SNR satisfying all performance metrics for 1/2-bit ACK/NACK transmission in 2OS sPUCCH, Case2, 1UE, Model-1/Model-2.  
	
	RS-based Option 2a
	Sequence-based Option 

	UCI payload
	Channel model
	Transient period value x ( us)
	Transient period value x, y ( us)

	
	
	x=10
(Model-1)
	x=10
(Model-2)
	x=10, y=0 
(Model-1) 
	x=10, y=10
(Model-1)
	x=10, y=10
(Model-2)

	1-bit
	EPA
	3.4 dB (0.4dB)
	4dB (1dB)
	0.5 dB  (0.5dB) 
(2.9dB)
	0.9 dB  (0.9dB) (2.5dB)
	2.4dB (2.4dB) (1.6 dB)

	
	ETU
	3.9 dB  (0.4dB)
	4.5dB (1dB)
	0.8 dB (0.3dB)
 (3.1dB)
	1.3 dB  (0.8dB) (2.6dB)
	2.8dB (2.3dB) (1.7 dB)

	2-bit
	EPA
	5.4 dB (0.5dB)
	6dB (1.1dB)
	1 dB (0.5dB)
 (4.4dB)
	1.5 dB (1dB) (3.9dB)
	2.8dB (2.3dB) (3.2 dB)

	
	ETU
	5.8 dB (0.5dB)
	6.6dB (1.3dB)
	1.2 dB  (0.4dB) (4.6dB)
	1.7 dB (0.9dB) (4.1dB)
	3.1dB (2.3dB) (3.5 dB) 


Table 4 presents the performance in case of consecutive sTTI transmission with one multiplexing UE. When using Model-1 as the transient model, based on the results of RS-based Option 2a under x=10us and sequence-based Option under x=10us, y=0us,  it can be found that, 
Observation 5: The transient time "x" on either side of the sTTI boundary has a similar impact on both two options. 
Compare RS-based Option 2a under x=10us with sequence-based Option under x=10us, y=10us,  it can be found that, 
Observation 6: When using Model-1 as the transient model, sequence-based Option has about 2.5~4.1dB performance gain than RS-based Option 2a in case of consecutive sTTI transmission with one multiplexing UE. When using Model-2 as the transient model, sequence-based Option still has about 1.6~3.5dB performance advantages.
Table 5 SNR satisfying all performance metrics for 2-bit ACK/NACK transmission in 2OS sPUCCH, Case2, 3UEs, ETU, Model-1/Model-2.  
	
	RS-based Option 2a
	Sequence-based Option 

	UCI payload
	Channel model
	Transient period value x ( us)
	Transient period value x, y ( us)

	
	
	x=10

(Model-1)
	x=10

(Model-2)
	x=10, y=10 

(Model-1) 
	x=10, y=10

(Model-2)

	2-bit
	ETU
	CSO=2:  7.7 dB (2.4dB)
CSO=4:  6.3 dB (1dB)
	CSO=2:  9.7 dB(4.4dB)
CSO=4:  7.7 dB (2.4dB)
	2.7 dB  (1.9dB) (5dB)/(3.6dB)
	4.8 dB (4dB) (4.9dB) /(2.9dB)


In Table 5, the performance comparison of 2OS sPUCCH for 2-bit transmission in ETU channel in case of consecutive sTTI transmission with 3 multiplexing UEs is shown. It can be observed that the maximum performance gain of sequence-based sPUCCH can reach to 5dB compared to RS-based Option 2a. 
Observation 7: For 2-bit transmission in case of consecutive sTTI transmission with 3 multiplexing UEs, sequence-based Option has about 2.9~5 dB performance gain than RS-based Option 2a. 
Based on the results of RS-based design when the CSO equals 2 in Table 3 and Table 5, we can infer that the performance will be get much worse if the number of multiplexing UEs is more than 3. That is, although RS-based sPUCCH can provide a large multiplexing capacity in one sPRB, it cannot guarantee a proper performance for that. It seems not much useful to support more than 3 UEs in one RS-based PUCCH. 
Observation 8: Due to the severe performance degradation, it is not much useful to support more than 3 UEs in one RS-based PUCCH. 

2.2 sPUCCH format for more than 2-bit HARQ-ACK 
It is still a FFS on whether IFDMA is used or not. If IFDMA is used for RS and data multiplexing in the original RS symbol, the number of REs to carry HARQ-ACK is larger compared to the case when IFDMA is not used. Figure-2 illustrates the cases of IFDMA is used or not. In this example, the number of REs carrying HARQ-ACK is 48 when IFDMA is not used while is 72 when IFDMA is used. 50% more REs can be used to carry HARQ-ACK, which may theoretically result in better performance due to lower code rate. However, the single carrier property will be broken if IFDMA is directly used. 
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Figure 2. sPUCCH format w/o IFDMA
In this section, we propose a design for sPUCCH with a low CM when IFDMA is used. Figure 3 gives an example of the signal generation process for the IFDMA symbol. The DMRS and data are interlaced and repeated into 4 sPRB in the frequency domain.  In general, a 12*N-point DFT shall be applied if the number of sPRB used is N.  
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Figure 3. Signal generation for IFDMA with low CM.
In such a signal generation design, a low CM can be maintained as shown in the next section. The CM comparison for different signal generations is given Table 6.
(1) Case 1: PUCCH format 4 based.
(2) Case 2: Proposed scheme as shown in Figure 3.
(3) Case 3: IFDMA RS24+QPSK-T: as shown in right of Figure 2, the data with length 24 is generated in the time domain. After a 24-point of DFT, the output of the data in the frequency domain is FDMed with RS with length 24. 
Table 6 CM property of different signal generations
	Cases
	Mean
	Max
	Medium

	Case 1
	1.1871
	2.8472
	1.1612

	Case 2
	1.4197
	3.1171
	1.3925

	Case 3
	2.4586
	3.9893
	2.4472


From Table 6, it can find that the CM property of the proposed scheme is very close to that of DFT-s-OFDMA QPSK signal, i.e., about 0.2 dB higher than DFT-s-OFDMA QPSK for both mean CM and maximum CM. And it can also observe that there is about 1dB benefit compared to the traditional IFDMA scheme. The logic is that, for the generated structure before RE mapping in Figure 3, there would be no overlapping between RS and data in the time domain after the same points of IFFT operation. When a larger IFFT size is used, i.e., if oversampled, a low CM can still be maintained. 
Observation 9: The CM of the proposed IFDMA scheme is about 0.2dB higher than DFT-s-OFDMA-QPSK, but about 1dB lower than traditional IFDMA.  
The available REs for HARQ-ACK in the proposed scheme and traditional IFDMA scheme is 50% more than that of PUCCH format 4 based scheme. In other words, the code rate is different for the proposed scheme and traditional IFDMA scheme. Table 7 lists the DMRS length and encoded bits number for the three schemes.
Table 7 DMRS length and encoded bits number for different schemes.
	
	Case 1
	Case 2
	Case 3

	DMRS length
	48
	12
	24

	Encoded bits number
	96
	120
	144


The length of DMRS and the code rate may impact the performance. A lower code rate, a better performance is expected. But at the same time, the channel estimation may be worse as the DMRS length goes shorted. Both effects should be evaluated based on simulations. In this section, we give the link level simulation comparison of the three schemes. Different payloads are considered. More details about the simulation assumptions are listed in Appendix A. Table 8 lists the required SNR to satisfy P(A->N/D)<=0.01.
Table 8 The code rate and required SNR to  satisfy P(A->N/D)<=0.01.
	Code Rate
	12bits1
	16bits
	20bits
	24bits
	32bits
	36bits
	40bits

	Case 1
	0.21
	0.25
	0.29
	0.33
	0.42
	0.46
	0.5

	Case 2
	0.17
	0.2
	0.23
	0.26
	0.33
	0.37
	0.4

	Case 3
	0.14
	0.17
	0.19
	0.22
	0.28
	0.31
	0.33

	

	Required SNR (dB)
	12bits
	16bits
	20bits
	24bits
	32bits
	36bits
	40bits

	Case 1
	4.8
	5.4
	5.8
	6.5
	7.7
	8.3
	8.9

	Case 2
	3.6(1.2)
	4.0(1.4)
	4.8(1.0)
	5.3(1.2)
	5.9(1.8)
	6.6(1.7)
	7.1(1.8)

	Case 3
	3.6(1.2)
	4.0(1.4)
	4.6(1.2)
	5.1(1.4)
	5.9(1.8)
	6.3(2.0)
	6.8(2.1)


Note1: This is the HARQ-ACK payload not including CRC.
Observation 10: 
· The performance of Case 2 and Case 3 is similar to each other, and both are better than Case 1:

· When the code rate for Case 1 is smaller than 1/3, the performance difference between Case 1 and Case 2/3 is about 1dB.

· When the code rate for Case 1 is larger than 1/3,  the performance difference between Case 1 and Case 2/3 is about 1.8dB.

As can be seen from the simulation results, the link level performance of Case 2 is similar to that of Case 3 while a lower CM can be achieved for Case 2. Therefore, the design of Case 2 should be adopted for sPUCCH format with large payload. 
Proposal 2：IFDMA scheme with RS and data multiplexing in one symbol should be adopted for sPUCCH format with large payload. 
3 7-symbol sPUCCH 
3.1 sPUCCH format for up to 2-bit ACK/NACK and SR
In RAN1 #88bis, both frequency hopping and no hopping are supported for 7-symbol sPUCCH carrying up to 2 bits HARQ-ACK and SR (if any). For no hopping case, it is agreed to re-use the DMRS pattern of PUCCH format 1/1a/1b. For no hopping case, the following two options need to be down-selected. 
· Option1: {D R D | D R R D} for the first slot, {D R R D | D R D} for the second slot
· Option 2: {D D R | R R D D} for the first slot, {D D R R | R D D} for the second slot

The advantage of Option 2 is that it has a unified DMRS pattern with no hopping case. This can reduce the eNB processing complexity. Since the DMRS is in the front of the latter hopping part, Option 2 can further reduce the processing latency at the receiver side. Regarding to the impact of transient period between intra-TTI hopping, it is expected that Option 1 and Option 2 have a much similar performance based on the analysis in section 2.1.2. 

Proposal 3: For 7-symbol sPUCCH carrying up to 2 bits HARQ-ACK and SR (if any), the DMRS pattern with {D D R | R R D D} in the first slot and {D D R R | R D D} in the second slot should be adopted for no hopping case. 
3.2 sPUCCH format for more than 2-bit UCI
Similar to sPUCCH carrying a low payload size, the hopping pattern of sPUCCH format for more than 2-bit UCI shall align with UL 2-symbol sTTI pattern, i.e., {3,4} in the first slot and {4,3} in the second slot. 

In regard to the DMRS pattern, to reach a unified design, the DMRS position of sPUCCH formats based on legacy PUCCH Format 3/4/5 shall be the same and kept unchanged with legacy PUCCH Format 3, i.e., {D R D | D D R D} for the first slot, {D R D D | D R D} for the second slot. 

Proposal 4: The hopping pattern of sPUCCH format for more than 2-bit UCI shall align with UL 2-symbol sTTI pattern, i.e., {3,4} in the first slot and {4,3} in the second slot.
Proposal 5: For 7-OS sPUCCH format based on PUCCH Format 3/4/5, the DMRS position shall be the same as legacy PUCCH Format 3, i.e., {D R D | D D R D} in the first slot, {D R D D | D R D} in the second slot.
4 Conclusion

This contribution provides the following observations and proposal:
In case of single sTTI transmission with one multiplexing UE , we can have the following observations.  

Observation 1: If there is no transient period between intra-TTI frequency hopping, sequence based sPUCCH with frequency hopping has about 3 dB and 4.5 dB gain compared to RS-based Option 2a for 1-bit and 2-bit ACK/NACK transmission respectively.  
Observation 2: Even it indeed needs a transient period between intra-TTI frequency hopping and assuming y = 10 us with the power linearly changed in the transient period, sequence based sPUCCH still has about 2.6 dB and 4dB performance gain compared RS-based Option 2a for 1-bit and 2-bit ACK/NACK transmission respectively.  
Observation 3: Even considering the worst case, i.e. assuming y = 10 us with zero power in the transient period, sequence based sPUCCH still has about 1.9 dB and 3.3dB performance gain compared RS-based Option 2a for 1-bit and 2-bit ACK/NACK transmission respectively.  
Observation 4: Considering the impact of transient period "y", even in the worst case with y=10us using model-2, sequence based sPUCCH still has about 2.9 dB performance gain compared RS-based Option 2a for 2-bit ACK/NACK transmission in ETU channel model. 

Observation 5: The transient time "x" on either side of the sTTI boundary has a similar impact on both two options. 
Observation 6: When using Model-1 as the transient model, sequence-based Option has about 2.5~4.1dB performance gain than RS-based Option 2a in case of consecutive sTTI transmission with one multiplexing UE. When using Model-2 as the transient model, sequence-based Option still has about 1.6~3.5dB performance advantages.

Observation 7: For 2-bit transmission in case of consecutive sTTI transmission with 3 multiplexing UEs, sequence-based Option has about 2.9~5 dB performance gain than RS-based Option 2a. 
Observation 8: Due to the severe performance degradation, it is not much useful to support more than 3 UEs in one RS-based PUCCH. 
Observation 9: The CM of the proposed IFDMA scheme is about 0.2dB higher than DFT-s-OFDMA-QPSK, but about 1dB lower than traditional IFDMA.
Observation 10: 
· The performance of Case 2 and Case 3 is similar to each other, and both are better than Case 1:

· When the code rate for Case 1 is smaller than 1/3, the performance difference between Case 1 and Case 2/3 is about 1dB.

· When the code rate for Case 1 is larger than 1/3,  the performance difference between Case 1 and Case 2/3 is about 1.8dB.
Proposal 1：Sequence-based Option 1a with intra-TTI frequency hopping should be adopted for up to 2-bit ACK/NACK and SR transmission for 2/3-OS sPUCCH.  

Proposal 2：IFDMA scheme with RS and data multiplexing in one symbol should be adopted for sPUCCH format with large payload.
Proposal 3: For 7-symbol sPUCCH carrying up to 2 bits HARQ-ACK and SR (if any), the DMRS pattern with {D D R | R R D D} in the first slot and {D D R R | R D D} in the second slot should be adopted for no hopping case. 

Proposal 4: The hopping pattern of sPUCCH format for more than 2-bit UCI shall align with UL 2-symbol sTTI pattern, i.e., {3,4} in the first slot and {4,3} in the second slot.
Proposal 5: For 7-OS sPUCCH format based on PUCCH Format 3/4/5, the DMRS position shall be the same as legacy PUCCH Format 3, i.e., {D R D | D D R D} in the first slot, {D R D D | D R D} in the second slot.
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Appendix A: Simulation assumptions
	Parameter
	Value

	Carrier frequency
	2 GHz

	System bandwidth
	10 MHz 

	TTI length
	2/7/14 symbols 

	Channel model 
	EPA, ETU

	UE speed 
	3km/h 

	Antenna configuration
	1Tx(UE), 2 Rx(eNB)

	CP length
	Normal

	Modulation mode
	Sequence-based, BPSK/QPSK    

	Shortened PUCCH design
	As shown in section 2 in [2]

	Channel estimation
	Practical  

	Number of HARQ-ACK
	1/2/12/16/20/24/32/36/40

	CRC length
	8

	Channel coding
	TBCC

	Performance metrics
	For HARQ-ACK: ACK missed detection probability (1%), NACK-to-ACK error probability (0.1%);  DTX-to-ACK probability (1% ).
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