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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
In 3GPP RAN1#87 and NR Ad Hoc meetings [1] [2], uplink control channel design was discussed and the following was agreed:
· Physical uplink  control signaling should be able to carry at least hybrid-ARQ acknowledgements, CSI reports (possibly including beamforming information), and scheduling requests
·  Support ‘UCI on PUSCH’, i.e. using some of the scheduled resources for UCI in case of simultaneous UCI and data
· [bookmark: OLE_LINK1][bookmark: OLE_LINK2][bookmark: OLE_LINK3][bookmark: OLE_LINK4]Support ‘simultaneous PUSCH and PUCCH at least for the long PUCCH format’, i.e. transmit uplink control on PUCCH resources even in presence of data
· For further discussion of PUCCH in short-duration, UCI payload of 1 – at least a few tens of bits (or SR) is assumed.
· For further discussion of PUCCH in long-duration, UCI payload of 1 – at least a few hundreds of bits (or SR) is assumed.
· For PUCCH  in long-duration
· In addition to simultaneous PUCCH-PUSCH transmission, UCI on PUSCH is supported.
[bookmark: OLE_LINK7][bookmark: OLE_LINK8]Based on these agreements, this contribution will further discuss UCI type and payload sizes, simultaneous transmission of PUSCH and PUCCH, UCI on PUCCH and UCI on PUSCH. 
Discussion
 UCI type and payload sizes
In LTE, the types of UCI included the HARQ-ACK, SR (scheduling request) and CSI (CQI/PMI/RI). The payload sizes of UCI types were designed to satisfy the requirement of LTE and are summarized in Table 1. 
Table1. The payload sizes of UCI types in LTE
	UCI types
	Number of UCI bits (O)
	Use cases

	CSI
	O ≤ 11
	Periodic CSI

	
	O > 11
	Aperiodic CSI

	SR
	O = 0
	Scheduling request

	HARQ ACK/NACK
	O = 1 or 2
	HARQ A/N for single CC

	
	1 ≤ O ≤ 20
	HARQ A/N for multiple CCs (up to 5 CCs)

	
	1 ≤ O ≤ 64
	HARQ A/N for multiple CCs (up to 32 CCs)


[bookmark: OLE_LINK57][bookmark: OLE_LINK58][bookmark: OLE_LINK59][bookmark: OLE_LINK60]For NR, it was agreed that physical uplink control signaling should be able to carry at least HARQ A/N, scheduling request (SR), and CSI reports (possibly including some beam related information). According to the NR discussion up to now, some potential enhancements about the types of UCI and the corresponding payload sizes are summarized as follows:
· HARQ-ACK: Considering the higher peak rate requirement of NR, multiple bits feedback for one TB have been discussed to reduce the retransmission overhead and enhance the throughput. The payload size of HARQ-ACK will be increased if it is agreed [2][4]. 
· Beam Related Information (BRI): One key feature of NR different from LTE is the analog/hybrid beamforming. In beam management, the resource selection indicator (RSI) (e.g., beam index) and the corresponding quality (e.g., RSRP) might be transmitted for beam management [2][5]. Besides, a recovery request (RR) message to trigger the beam recovery/switch might be transmitted as a type of UCI [2][5]. These beam related information could be as the new candidate parameters of UCI and the detailed UCI contents and payload sizes need further discussions in MIMO section.
· PMI: Two types of spatial information feedback for CSI reporting have been agreed: Type I and Type II feedback, and the payload size will be increased with a high probability [2]. 
In the last meeting, it is agreed that in short duration, UCI payload is 1- at least a few tens of bits and in long duration, UCI payload is 1- at least a few hundreds of bits, But the concrete payload size of each UCI type is highly related to other topics, such as MIMO. Furthermore, simultaneous transmission with combinations of SR, HARQ-ACK and CSI (CQI/PMI/RI, beam-based information) should be supported as defined in LTE, but the detailed payload sizes for different combinations of SR, HARQ-ACK and CSI can be further discussed.
Simultaneous transmission of PUCCH and PUSCH
Simultaneous transmission of PUSCH and PUCCH has been agreed to support at least for the long PUCCH format, and the potential two options of multiplexing PUCCH/PUSCH channels were discussed as follows: 
· Opt 1. Simultaneous transmission PUSCH and PUCCH in their respective resource: transmission resource of PUCCH is not related to the transmission resource of PUSCH, which is shown in Figure 1.(a);
· Opt 2. Simultaneous transmission PUSCH and PUCCH in a continuous PUSCH resource: the UCI is still transmitted on PUCCH, but the PUCCH resource is adjacent to PUSCH, which is shown in Figure 1.(b);


               
			                                             						(a)										                                                                            (b)
Figure 1. (a) Simultaneous transmission PUSCH and PUCCH in their respective resource, 
                        (b) Simultaneous transmission PUSCH and PUCCH in a continuous PUSCH resource 
According to the agreement of ‘transmit uplink control on PUCCH resources even in presence of data’, it means that UCI can be transmitted on the PUCCH resource even in presence of data. At the same time, the spec should support that UCI is transmitted on the PUCCH where no data is scheduled. Thus, UCI should be transmitted regardless whether data is transmitted or not. 
Opt 1 which PUCCH uses its own respective resource from PUSCH would have better flexibility for resource scheduling. For the Opt 2, UCI is still transmitted on PUCCH, but the PUCCH resource is adjacent to PUSCH resource which is somehow tied with PUSCH resource. Generally it is not consistent with the agreement and will lead to some restrictions on resource allocation for PUCCH and PUSCH. Besides, compared to Opt 1, the Opt 2 will potentially reduce the multiplexing efficiency of PUCCH due to the linkage with its PUSCH. In other words, when a UE transmits its PUCCH in the resource adjacent to its PUSCH, the UE cannot share this PUCCH resource with other UEs, and the allocated resource in the PUCCH region is also less utilized. For the potential inter-modulation distortion (IMD) issue of Opt1, it is a topic for RAN4 to evaluate which is out of the scope of RAN1. If RAN4 validates IMD, simultaneous transmission PUSCH and PUCCH in a continuous PUSCH resource can be further discussed
Based on the analysis above, at least from RAN1 point of view, for simultaneous transmission between PUSCH and PUCCH, transmission resource of PUCCH should not be tied with the transmission resource of PUSCH unless RAN4 identifies IMD is an issue.
[bookmark: OLE_LINK30][bookmark: OLE_LINK31]Proposal 1: For simultaneous transmission between PUSCH and PUCCH, transmission resource of PUCCH is not tied with the transmission resource of PUSCH unless RAN4 identifies IMD is an issue.
 UCI on PUCCH
[bookmark: OLE_LINK19][bookmark: OLE_LINK20]Both long PUCCH and short PUCCH were agreed to be supported, for short duration, it is agreed that UCI payload carry 1 – at least a few tens of bits, , e.g. SR, HARQ ACK/NACK, periodic CSI, potential including some beam forming information (e.g. beam index information), and the combinations of them. Starting from the PUCCH formats in LTE, at least two PUCCH formats can be considered for short PUCCH:
· Short PUCCH format for small payload size, such as positive SR and/or 1 or 2 bit HARQ ACK/NACK.
· Short PUCCH format for small to medium payload sizes, such as periodic CSI report, and HARQ ACK/NACK for multiple CCs.
[bookmark: OLE_LINK39][bookmark: OLE_LINK40]Proposal 2: Short duration PUCCH should at least support short PUCCH format for positive SR, HARQ ACK/NACK, periodic CSI report, or the combinations of different UCI types 
For long duration PUCCH, in the last meeting, it is agreed that “for PUCCH in long duration, UCI payload of 1- at least a few hundreds of bits (or SR)”. Considering the number of symbols for PUCCH may be changed in terms of different slot types, the scalable design of long duration PUCCH needs to be considered [3]. What is more, this scalable design may impact on UCI contents and payload sizes for long duration PUCCH.
 UCI on PUSCH
[bookmark: OLE_LINK75][bookmark: OLE_LINK76]Both DFT-S-OFDM waveform and CP-OFDM waveform are agreed to support in NR. If the UE is link budget limited and is configured to adopt the DFT-S-OFDM based waveform, it is suggested to follow the principle as adopted in LTE. UCI multiplexing with data should be supported to keep the single carrier property and increase the coverage. 
But if the UE is configured to adopt the CP-OFDM based waveform, single carrier property is no longer required. In LTE, if the UE is configured with simultaneous PUCCH and PUSCH transmission, multiplexing aperiodic CSI on data channel is also supported to avoid being frequently dropped due to limited payload size of PUCCH. Since aperiodic CSI reporting has been agreed to support in NR, one straight method is to follow LTE to support multiplexing aperiodic CSI on data channel. This mechanism releases the pressure of complex uplink control channel format with dynamic resource allocation and larger payload size. Besides, the multiplexing on data should also be considered to provide the flexibility of coverage enhancements by distributing the UCI onto multiple symbols.
A unified design should be considered for both waveforms to reduce the implementation complexity. 
Proposal 3: Support UCI multiplexing on data for both waveforms and strive for a unified design.
Robustness of UCI on PUSCH
Beams are usually adopted to guarantee the coverage in high frequency of NR. However, due to the less scattering ability of high frequency short waves, the beams are sensitive to blockage. Multi-beam diversity is an effective method to combat blockage. Compared to single beam transmission, the probability of multiple beams being blocked simultaneously is low. 
To guarantee the robustness of UCI transmission in high frequency, even in the case of UCI piggyback on PUSCH, the transmission of UCI by multiple beams should be supported. In LTE, if the PUSCH is transmitted with multiple layers, HARQ-ACK and RI are transmitted on all the layers to obtain the diversity gain, while CQI/PMI is only multiplexed with the TB of the highest MCS. A similar mechanism in NR should be supported to guarantee the robustness of different types of UCI. For example, some UCI types with higher reliability requirement can be piggybacked by multiple PUSCH beams, while other UCI types can be transmitted only on a subset of available beams.
Proposal 4: Support UCI piggyback on multiple PUSCH beams to improve robustness.
Mapping of UCI on PUSCH
In LTE, UCI can be piggybacked in PUSCH. HARQ-ACKs are located in the symbols near the DMRS with data being punctured to get a better channel estimation, and RIs are located near the symbols of HARQ-ACK due to its importance of decoding CQI/PMI. 
Considering the potential enhancements of UCI and the front loaded DMRS of PUSCH in NR, the existing LTE mapping scheme of UCI on PUSCH should be reconsidered. With priorities and the delay requirements of different types of UCI, the mapping can be implemented following this principle: UCIs with a higher priority are arranged closer to DMRS symbol to get a better channel estimation, and UCIs with a higher delay requirement can be located in the earlier symbols of PUSCH. Besides, whether different types of UCI should be located in different PUSCH symbols in a TDM way, or can be located in the same symbol of PUSCH in a FDM way should be further considered. Take HARQ-ACK as an example, HARQ-ACKs should always have the highest priority, and early decoding is beneficial for the early scheduling, so it can be arranged to the earliest symbols of PUSCH around DMRS. If the payload size of HARQ-ACK is low and cannot occupy all the REs of one symbol, other types of UCI with low payload size, such as RI can be FDMed with HARQ-ACK. But if the payload size of HARQ-ACK and RI are both large, they can be TDMed in different symbols. Besides, as a potential new type of UCI, the priority of beam related information should be considered. 
Proposal 5: The mapping of UCI on PUSCH should consider priority/delay/payload size/beams of different types of UCI.

Conclusion
Based on above discussions, following proposals are given 
[bookmark: OLE_LINK72]Proposal 1: For simultaneous transmission between PUSCH and PUCCH, transmission resource of PUCCH is not tied with the transmission resource of PUSCH unless RAN4 identifies IMD is an issue.  
Proposal 2: Short duration PUCCH should at least support short PUCCH format for positive SR, HARQ ACK/NACK, periodic CSI report, or the combinations of different UCI types.
Proposal 3: Support UCI multiplexing on data for both waveforms and strive for a unified design.
Proposal 4: Support UCI piggyback on multiple PUSCH beams to improve robustness.
Proposal 5: The mapping of UCI on PUSCH should consider priority/delay/payload size/beams of different types of UCI.
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