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At the RAN1 AH_NR Meeting, the following agreements have been made [1]:
	Agreements (updating RAN1 #87 agreements):
· A combination of semi-static configuration and (at least for some types of UCI information) dynamic signaling is used to determine the PUCCH resource both for the ‘long and short PUCCH formats’
· The PUCCH resource includes time, frequency and, when applicable, code domains.
· FFS details e.g., if the time in the PUCCH resource includes both slot and symbol, or only symbol in a slot



	Agreements:
· For PUCCH in long-duration,
· Long UL-part of a slot can be used for transmission of PUCCH in long-duration.
· i.e., PUCCH in long-duration is supported for both UL-only slot and a slot with the number of uplink symbols greater than X (X >= 2).
· FFS exact value of X
· In addition to simultaneous PUCCH-PUSCH transmission, UCI on PUSCH is supported.
· Intra-slot frequency-hopping is supported



	Agreements:
· 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, DFT-s-OFDM waveform is supported.
· For PUCCH in long-duration, transmit antenna diversity is supported.
· FFS: PUCCH in short-duration




In this contribution we discuss design criteria for the PUCCH in long duration, especially the number of PUCCH formats. We propose to define two different long PUCCH formats, one for small and the other for medium to large payload sizes.
Discussion
Number of long formats 
It has been agreed that the payload size for the long PUCCH can vary from 1 to a couple of hundreds bits. 
Already for LTE many different PUCCH formats are defined. The increased flexibility of NR, such as different slots durations, introduction of mini-slots, the presence/absence of certain regions in different slot formats, etc. could lead to a further diversification of the options. If not carefully designed, an explosion of NR-PUCCH formats could be expected.    
We propose therefore to design the PUCCH formats agnostic to the transmission length. One format shall be able to support multiple transmission lengths. This would keep the needed formats to a minimum. In our view, this is best addressed with two different long PUCCH formats.
Proposal 1: 
RAN1 shall strive for a small number of long PUCCH formats, for example two, one for small and the other for medium and large payload. 
Design of long formats
Design for long PUCCH for payload of 1~2bits
The long PUCCH design for the payload of 1 ~ 2bit should be consistent with the short PUCCH for the same payload. For example, they can both be considered to be sequence-based. More details about this approach are described in the companion contribution [2]. The long PUCCH design for payload of 1 ~ 2 bits can be obtained by repeating the short PUCCH for payload of 1 ~ 2bit in the time domain. Since there exist several lengths for slots and mini-slots and the duration of the UL part may be also variable, a long PUCCH with a repeating structure based on the short PUCCH can be more adaptive and flexible. 
Design for long PUCCH for medium to large payload sizes
Also, the long PUCCH and short PUCCH designs for medium to large payload sizes should be uniform. It should be studied with high priority how to increase the frequency resources for the long and short PUCCH with payload increasing from medium to large.  
3GPP has agreed that a mechanism enabling frequency-diversity has to be studied. Intra-slot frequency hopping, similar to LTE PUCCH, can be reused for the long PUCCH as shown in Figure 1. The PUCCH PRB of the UE having only the PUCCH is allocated on both sides of the frequency band. A beginning PRB can be configured through high-level signalling. The other PRBs for the PUCCH of the UE having only the PUCCH can be continuously obtained from the beginning PRB. The base station can be configured that the different PUCCHs of the UEs having only the PUCCH can be multiplexed in the same PRB.


Figure 1 - NR PUCCH frequency hopping for PUCCH-only UEs
For the long PUCCH format for medium to large payload sizes, multiplexing of long PUCCH transmissions from multiple UEs in same PRBs may not be supported. This can be especially helpful when a UE simultaneously transmits PUSCH and PUCCH in the same PRBs. Then, For UEs with both PUCCH and PUSCH, if the PUCCH of the UE is located partially in a PRB that also contains its own PUSCH, the reception becomes simple, since frequency division multiplexing does not need to be considered. 
Large payload sizes cannot rely on sequence modulation as in PUCCH Format 1/1a/1b and 2/2a/2b but require a DFTS-OFDM-based design such as in PUCCH Format 3, 4, and 5. In addition, in order to carry the payload for a wide range of bits, a dynamic increase or decrease for the number of PUCCH PRBs is necessary. Therefore, a flexible PUCCH PRB allocation should be considered for NR PUCCH. A network should be enabled to configure long PUCCH transmission in frequency-continuous PRBs where the UE can experience high SINR to improve coverage/BLER and PAPR.
Proposal 2: 
The long PUCCH design for small payload sizes should be consistent with the short PUCCH for the same payload size.
The long PUCCH design for medium to large payload sizes should be consistent with the short PUCCH design for medium to large payload sizes. 
Proposal 3: 
A network should be enabled to configure long PUCCH transmission in frequency- continuous PRBs

Long PUCCH with Simultaneous PUSCH transmission
In [3] it is shown that simultaneous transmission of PUSCH and PUCCH can lead to severe inter-modulation products if they occupy widely separated frequency resources. The PUSCH is typically dynamically scheduled according to the channel measurement results. How the PUCCH resources are determined is not yet decided but one could expect them to be allocated close to both UE bandwidth edges in order to obtain frequency diversity. Gaps between PUSCH and PUCCH resources are therefore likely to occur which will cause a high PAPR. To mitigate this, for simultaneous transmission of PUSCH and PUCCH, it is suggested that the UE’s PUCCH PRB are either allocated adjacent to the PUSCH PRB or within the PUSCH PRB of the UE. This is illustrated in Figure 2 below:
The PUCCH PRBs are assigned continuously according to the payload size from the beginning PRB. The beginning PRB itself can be defined as the minimum or maximum PRB of the allocated PUSCH PRB resources. 
The long PUCCH structure designed in such a way allows for frequency diversity of the PUCCH but also enables the use of any waveform for the PUSCH (DFT-S-OFDM or CP-OFDM).



Figure 2 - Example of PUCCH resource allocation
In Figure 2a, the PUCCH PRB is out of the range of its own PUSCH. If the PUSCH PRB of UE2 is adjacent to the PUSCH PRB of UE1, then it is likely that the PUCCH of UE1 will be frequency-multiplexed with the PUSCH of UE2 within the partial PRB of UE2’s PUSCH. Thus, when the UE2 receives the PUSCH, an additional signalling indication is required to indicate which subcarriers are used to carry UE1’s PUCCH. It will also introduce a certain complexity for UE2 to receive the PUSCH.
In order to overcome the above mentioned drawbacks of the method shown in Figure 2a, we prefer the allocation shown in Figure 2b. It is also simpler. In Figure 2b, the PUCCH PRB of UE1 is contained within its own PUSCH PRB and does not allow the PUCCH of UE2 to be frequency-multiplexed within the PUSCH PRB of UE1. Thus, UE1 knows which subcarriers are to be used for its own PUCCH within its PUSCH PRBs. 
Obviously, the long PUCCH PRB(s) are contained within its own PUSCH PRBs, which is also easy to implement, e.g. by allocating more resources for PUSCH due to the presence of PUCCH.
Proposal 4:
The long PUCCH PRB(s) is(are) contained in the own PUSCH PRB. 
The beginning PRB of the UE’s PUCCH can be defined as the minimum or maximum PRB within its own PUSCH PRBs.

[bookmark: _GoBack]Conclusion
Based on the analysis given above, we have the following proposals:
Proposal 1: 
RAN1 shall strive for a small number of long PUCCH formats, for example two, one for small and the other for medium and large payload. 
Proposal 2: 
The long PUCCH design for small payload sizes should be consistent with the short PUCCH for the same payload size.
The long PUCCH design for medium to large payload sizes should be consistent with the short PUCCH design for medium to large payload sizes. 
Proposal 3: 
A network should be enabled to configure long PUCCH transmission in frequency- continuous PRBs
Proposal 4:
The long PUCCH PRB(s) is(are) contained in the own PUSCH PRB. 
The beginning PRB of the UE’s PUCCH can be defined as the minimum or maximum PRB within its own PUSCH PRBs.
Reference
[1] 3GPP Chairman's Notes RAN1_NRadhoc_final
[2] R1-1701590, NR PUCCH structure in short duration, ZTE
[bookmark: _Ref469999546][3] R1-1701181, On Long PUCCH with Simultaneous Data Transmission, Ericsson
	
5

image2.emf
OFDM 

symbol 

PRB

The beginning

PRB for UE1 is 

implied by the 

PRB allocated 

for the PUSCH.

UE1 PUSCH

beginningPRB

beginningPRB

2a


oleObject2.bin
OFDM symbol 


PRB


The beginning PRB for UE1 is implied by the PRB allocated for the PUSCH.


UE1 PUSCH


beginning PRB


beginning PRB


2a



image3.emf
OFDM 

symbol 

PRB

The beginning

PRBfor UE1is 

implied by the 

PRB allocated 

for the PUSCH.

UE1 PUSCH

beginningPRB

beginningPRB

or

or

2b


oleObject3.bin
OFDM symbol 


PRB


The beginning PRB for UE1 is implied by the PRB allocated for the PUSCH.


UE1 PUSCH


beginning PRB


beginning PRB


or


or


2b



image1.emf
OFDM 

symbol 

PRB

The beginning

PRB can be 

indicated by 

higher layer 

signaling.

beginningPRB

beginningPRB


oleObject1.bin
OFDM symbol 


PRB


The beginning PRB can be indicated by higher layer signaling.


beginning PRB


beginning PRB



