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Introduction
[bookmark: OLE_LINK91][bookmark: OLE_LINK92]In RAN1#86bis meeting [1], the following agreements on NR UL control channel have been made: 
Agreements:
· At least two ways of transmissions are supported for NR UL control channel
· [bookmark: OLE_LINK58][bookmark: OLE_LINK56][bookmark: OLE_LINK57]UL control channel can be transmitted in short duration
· around the last transmitted UL symbol(s) of a slot
· FFS: How to define and treat the potential gap at the end of the slot
· FFS: in the other positions, e.g., the first UL symbol(s) of a slot
· TDMed and/or FDMed with UL data channel within a slot
· UL control channel can be transmitted in long duration
· over multiple UL symbols to improve coverage
· FDMed with UL data channel within a slot
· FFS how to multiplex with SRS
· The frequency resource and hopping, if hopping is used, may not spread over the carrier bandwidth
[bookmark: OLE_LINK33][bookmark: OLE_LINK34][bookmark: OLE_LINK81]However, there are still more options about the UL control channel that need to be discussed further, such as other positions of the UL control in a slot. So in this contribution, we continue to discuss and analyze the possible positions, design and beam sweeping for the UL control channel. 
Discussion and analysis for the other positions
[bookmark: OLE_LINK82]As agreed at RAN1 #86bis meeting [1], some UEs will support N+K1 and K1 can be 0, which means same slot acknowledgement. 
[bookmark: OLE_LINK103][bookmark: OLE_LINK99][bookmark: OLE_LINK100]It can be observed that not all UEs are required to have self-contained capabilities. 
[bookmark: OLE_LINK84]For the short UL control format, it can also be placed at the beginning symbol(s) of the uplink transmission part of a slot. .
For the DL transmission slot, short UL control format be last transmitted UL symbol(s) of a slot has the following advantages:
· Support of instant feedback. It facilitates better support for URLLC.
· Achieve a self-contained structure. It can support a self-contained structure for UEs with self-contained capabilities, if required.
· There is only one GAP in the slot.
For the UL transmission slot shown in FIG. 1 below, keeping the same structure as for the DL transmission slot (UL control at the end of slot) is also beneficial. However, A UL transmission slot may transmit HARQ-ACK, , for downlink data that has been received during previous downlink data slots. 
For the UL transmission slot, it cannot bring significant benefits if the UL control is placed at the last symbol(s) of the slot.
Observation 1: It cannot bring significant benefits if the UL control is placed at the last symbol(s) of the UL slot.


[bookmark: OLE_LINK101][bookmark: OLE_LINK102]FIG. 1 Example of reusing short duration of PUCCH in UL transmission slot
The position of the UL control in the UL transmission slot  still needs to be discussed. 


[bookmark: OLE_LINK113]
Fig. 2  LBT before the last symbol UCI                    Fig. 3 UCI in the beginning of UL transmission
In FIG. 3, the UL control is placed at the start of the UL transmission in a UL slot, so that the following benefits are obtained:
· Accelerate the feedback of HARQ ACK. When a downlink transmission is received in the previous slot,  then the UE does not  need to feedback HARQ-ACK in the last symbol. This allows then more processing time for the TRP to reschedule the next transmission as shown in Fig. 4.
· Better support SRS transmission. SRS can be transmitted at the last symbol of the UL slot. IA resource conflict between SRS and UL control can be avoided.
· Enables simple transmission of UL control  and minimizes the number of GAPs in the upstream slot on the unlicensed carrier. If the NR operates in the unlicensed spectrum as in the slot structure of Fig. 1, an additional GAP2 (is illustrated in Fig. 2) needs to be added before the UL control. This is for performing LBT for UEs with only UL control in that slot.. Otherwise those UEs will not be able to transmit UL control due to LBT detection failures. In the slot structure of Fig. 3,  they can perform LBT within the same GAP1. No additional GAP2 is required.


Fig. 4 Balanced ACK response time and Retransmission time
[bookmark: OLE_LINK116][bookmark: OLE_LINK117][bookmark: OLE_LINK119]Note: Both ACK response and Retransmission may need longer time not only due to UE capability, but also due to network deployment (e.g. CPRI). 
[bookmark: OLE_LINK122][bookmark: OLE_LINK123]Proposal 1: NR should also support UL control placed in the starting symbol(s) of the uplink transmission part in UL transmission slot, in addition to the ending symbol(s) in the slot.
[bookmark: OLE_LINK120][bookmark: OLE_LINK121]To allow UL control transmitted in the starting symbol(s) of UL transmission part in slot, and/or the ending symbol(s) of the slot, the position of the UL control can be indicated via physical layer or higher layer.
Format design for UL control in short duration 
In case of short control format, the following two alternatives can be considered.
Alt1. PUCCH design with reference signals 
Short PUCCH format may only contain one symbol in time domain. FDM seems the only possible way to multiplex RS and payload in 1-symbol PUCCH. In case of 2-symbol PUCCH for short control format, one straightforward way is to repeat one symbol PUCCH structure twice in time domain. In addition, TDM between RS and data is also applicable for 2-symbol PUCCH.  
Alt2. PUCCH design without reference signals 
For 1~2 bits ACK/NACK or SR transmission, the information can be simply be carried by pre-defined sequences. At the receiver side, non-coherent detection can be used to save processing time since channel estimation is saved.  The following characteristics are some benefits of a PUCCH design without RS. 
· Lower processing time. Sequential operation is assumed at the receiver. Specifically: channel estimation –> channel equalization –> correlation calculation –> signal accumulation –> BPSK/QPSK demodulation are processed serially. However, only three steps are needed for the sequence-based method: blind correlation calculation –> signal accumulation –> signal decision. Assuming each step takes one cycle, it will save about 40% processing time with this  sequence-based method. This donot include additional scheme like noise-cancellation.
· Better performance. Normally, Coherent demodulation with RS has about 3dB gain over non-coherent detection. However, for power limited scenarios like PUCCH transmission, the gain from RS will disappear. This is due to that the transmitted power will be shared by the RS, which reduces the available  power to be spent on the payload. The sequence-based PUCCH method would have a better performance if practical channel estimation like LS is used for the PUCCH design with RS. Further, for uplink single carrier cases, frequency hopping can be achieved for the 2-symbol sequence-based PUCCH method 
· Lower PAPR. Compared to the PUCCH structure with RS and payload FDMed in one symbol, sequence-based PUCCH has a lower PAPR. 
As an example shown in Fig. 5, the PUCCH structure with RS and payload TDMed is given. A length-12 sequence defined in current PUCCH Format 1a/1b is mapped to 12 subcarriers in each symbol. In FIG.6, sequence-based PUCCH without reference signal is presented. For 1-bit ACK/NACK transmission, two length-12 sequences ZC1(n) and ZC2(n), which are orthogonal to each other, are mapped to 12 subcarriers at the two ends of the bandwidth in two symbols. In case of 1-bit ACK, ZC1(n) and ZC2(n) are transmitted on the first and second symbol respectively. In case of 1-bit NACK, ZC1(n) is transmitted on the second symbol and ZC2(n) is transmitted on the first symbol.  


FIG. 5 RS-based 2-symbol PUCCH (Alt. 1)


FIG. 6 Sequence-based 2-symbol PUCCH (Alt. 2) 
FIG.7 shows the 1bit ACK/NACK performance for 2-symbol PUCCH in the EPA channel model. Note that 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 1 presents the smallest SNR meeting all three performance metrics (each SNR in Table 1 already satisfies Prob{DTX-to-ACK}<1%) based on results from FIG.7. It can be seen that, sequence-based structure provides about 3dB gain over RS-based structure for 1bit ACK/NACK transmission in 2-symbol PUCCH. Note that, MMSE channel estimation is used for Alt.1, which means the performance of Alt.1 may become even worse if other channel estimation method is used in practice.   
Table 1 SNR satisfying all performance metrics for 2-symbol sPUCCH (2bits, EPA)
	
	Alt. 1 
	Alt. 2

	Minimum SNR
	3 dB
	0 dB


[image: ]
FIG.7 Performance of 1bit ACK/NACK in 2-symbol TTI (EPA channel)
Observation 2: For 1bit ACK/NACK transmission in 2-symbol PUCCH, sequence-based structure provides about 3dB gain over RS-based structure.   
Proposal 2: For 1~2 bits ACK/NACK or SR transmission, PUCCH design without reference signals can be considered for short UL control format.  
Capability and Robustness of UL control in higher frequency 
In higher frequency, the TRP will have a number of receiving beams. The UE side can also be capable to use a number of transmitting beams. In normal case, the TRP receiving beam and UE transmitting beam can be well adapted. The UE can use the best beam to transmit PUCCH. However, the ideal receiving beam for multiple UEs may not be same. Then, the TRP needs to schedule UEs with similar receiving beams for PUCCH, if only one UL control in short duration is in the slot. 
 


FIG. 8 Receiving beams and transmitting beam
        
This scheduling restriction means that TRP is not allowed to change the receiving beams during one slot. As shown in Fig 9., a number of slots needs to be feedback in one slot. It will be difficult to apply only one receiving beam for that large number of UEs.  


 FIG. 9 Aggregated PUCCH feedbacks in 1 slot
Proposal 3: For PUCCH with short duration, it should also consider multiple symbols for beam sweeping.  
Conclusion
The following observation and proposal have been made as the conclusion:
Observation 1: It cannot bring significant benefits if the UL control is placed at the last symbol(s) of the UL slot.
Observation 2: For 1bit ACK/NACK transmission in 2-symbol PUCCH, sequence-based structure provides about 3dB gain over RS-based structure. 
Proposal 1: NR should also support UL control placed in the starting symbol(s) of the uplink transmission part in UL transmission slot, in addition to the ending symbol(s) in the slot.
Proposal 2: For 1~2 bits ACK/NACK or SR transmission, PUCCH design without reference signals can be considered for short UL control format.  
Proposal 3: For PUCCH with short duration, it should also consider multiple symbols for beam sweeping.  
[bookmark: _GoBack]References
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