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1. Introduction

In RAN1#86bis meeting, following agreements were made for NR UL control channel [1].
	Agreements:
· For UL control channel in short duration,

· 1 symbol duration of a slot is supported.
· FFS: a few symbol duration of a slot is supported.
· Mechanism enabling frequency-diversity is supported.
· In frequency-domain, a PRB (or multiple PRBs) is the minimum resource unit size for UL control channel.
· At least two ways of transmissions are supported for NR UL control channel

· 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


Based on these agreements, we discuss the design of one-symbol NR-PUCCH format in this contribution.
2. Discussion

2.1   Structure of one-symbol NR-PUCCH format
As discussed in our companion contribution [2], basic UL control resource unit can be set as one or multiple PRB(s) which corresponds to Resource Element Group (REG). One REG can be composed of consecutive REs, and one UL Control Channel Element (CCE) can consist of multiple REGs, and one UL control channel can be configured with one or multiple CCE(s). Based on the above, Uplink Control Information (UCI) can be mapped to multiple REGs, and the coded UCI bits mapped to each REG can be the same or different among the multiple REGs according to payload size of the UCI. In addition to the UCI size, UCI mapping type to multiple REGs in the above can also be selected according to UCI type (e.g. HARQ-ACK or CSI or SR), performance requirement for the UCI type, and UE multiplexing capacity. For example, if the UCI payload size is small, same coded bits can be repeatedly mapped to multiple REGs in order to construct a UL CCE. If the UCI payload size is large, different coded bits can be mapped across multiple REGs in order to construct a UL CCE. Moreover, the ratio of UCI REs and RS REs (per REG or CCE) can be differently configured according to the above aspects, e.g. UCI payload size, UCI type, performance requirement, and multiplexing capacity. 

In addition, both localized and distributed resource (i.e., REG) mapping can be considered for the transmission of UL CCE as described in Figure 1. First of all, localized resource mapping would be beneficial for supporting large coverage by ensuring low PAPR while it may not sufficiently obtain frequency diversity gain. On the other hand, distributed resource mapping would be suitable to achieve frequency diversity gain while PAPR may be increased.

[image: image1.emf]<Localized> <Distributed>

S

y

s

t

e

m

 

B

a

n

d

w

i

d

t

h

S

y

s

t

e

m

 

B

a

n

d

w

i

d

t

h

Information


Figure 1: Examples of resource structure for UL control channel
Proposal #1: Basic UL control resource unit can be defined for design of one-symbol UL control channel for NR: 1) one REG can be composed of consecutive REs, 2) multiple REGs can consist of one CCE, 3) one UL control channel can be configured with one or multiple CCE(s). 
Proposal #2: UCI can be mapped to multiple REGs belonging to one CCE, and the coded UCI bits mapped to each REG can be the same or different according to the UCI payload size, UCI type, performance requirement of the UCI type, and UE multiplexing capacity.
Proposal #3: Consider both localized and distributed resource (i.e., REG) mapping for the composition of one-symbol NR-PUCCH.
2.2   Multiplexing of RS and UCI for NR-PUCCH
For one-symbol NR-PUCCH structure, the method of multiplexing between RS and UCI should be considered. Two possible candidates are described in Figure 2. For the first option, RS and UCI can be multiplexed within a same symbol in FDM manner. UCI/RS can be transmitted in the form of coded bits/sequence or sequence/sequence according to payload size of the UCI. For example, same or different sequence is used for both UCI and RS in case of small size UCI while sequence is used for RS and coded UCI bits are mapped to UCI part in case of large size UCI. For the above sequence, Zadoff-Chu or Pseudo-Random sequence can be considered. With this option, composition of NR-PUCCH resource can be efficient by flexibly adjusting the ratio of UCI and RS while PAPR might be increased.
The second option is to construct sub-symbol-wise TDM structure for UCI/RS multiplexing within a one normal symbol duration by enlarging subcarrier spacing for the NR-PUCCH compared to data channel. UCI/RS can be transmitted in the form of two options as in the case of the first option. For example, Zadoff-Chu sequence may be used for RS mapped to the first sub-symbol, and Zadoff-Chu sequence or the coded UCI bits after DFT can be mapped to the second sub-symbol. With this option, low PAPR can be achieved while changing subcarrier spacing for NR-PUCCH might be a complexity for certain UEs.
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Figure 2: Examples of the method for multiplexing between RS and UCI.
Considering the UE complexity in the above TDM approach, a sequence-based NR-PUCCH structure can also be considered where a sequence (e.g. Zadoff-Chu or Pseudo-Random) conveying UCI is transmitted alone without associated RS. UCI can be indicated by multiple sequences, each of which corresponds to each state of UCI (e.g. ACK or NACK for DL data reception). This option may be suitable for the case when the UCI size is relatively small with consideration of sequence capacity.
In addition, considering multi-beam operation based NR environment (and further reduction of HARQ latency), sub-symbol-wise FDMed UCI/RS structure with increased subcarrier spacing could be useful. To be specific, for supporting UL control transmission with multi-beam operation, it would be inevitable to allocate different time unit (e.g. symbol) by TDM manner for multiple UEs in different beam directions. In this sense, compositing multiple NR-PUCCH resources within one normal symbol duration by TDM manner, each of which occupies one sub-symbol with increased subcarrier spacing, would be beneficial to support UCI transmission from multiple UEs in multiple beam directions.
Proposal #4: Normal symbol based FDMed UCI/RS structure and sub-symbol based TDMed UCI/RS structure are to be considered as baseline for one-symbol NR-PUCCH format. In addition, sequence-based structure without associated RS and sub-symbol based FDMed UCI/RS structure could be supported with consideration of UE complexity and multi-beam operation.

3. Conclusion
In this contribution, we discussed some consideration points for the design of one-symbol NR-PUCCH format, and the followings are proposed: 

Proposal #1: Basic UL control resource unit can be defined for design of one-symbol UL control channel for NR: 1) one REG can be composed of consecutive REs, 2) multiple REGs can consist of one CCE, 3) one UL control channel can be configured with one or multiple CCE(s). 
Proposal #2: UCI can be mapped to multiple REGs belonging to one CCE, and the coded UCI bits mapped to each REG can be the same or different according to the UCI payload size, UCI type, performance requirement of the UCI type, and UE multiplexing capacity.
Proposal #3: Consider both localized and distributed resource (i.e., REG) mapping for the composition of one-symbol NR-PUCCH.

Proposal #4: Normal symbol based FDMed UCI/RS structure and sub-symbol based TDMed UCI/RS structure are to be considered as baseline for one-symbol NR-PUCCH format. In addition, sequence-based structure without associated RS and sub-symbol based FDMed UCI/RS structure could be supported with consideration of UE complexity and multi-beam operation.
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