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1 Introduction
Discussions on supporting New Radio over Unlicensed (NR-U) frequency bands is now underway in 3GPP standard meetings. Both gNB and UEs in NR-U need to perform Listen-Before-Talk (LBT) and also determine the Channel Access Priority Class (CAPC) for every transmission, as unlicensed frequencies are also used by other networks, like WiFi. While there has been recent proposals for LBT and CAPC for user plane (UL and DL) data transmission, LBT and CAPC for Control Channels is not yet discussed and resolved.

In this contribution, we introduce suitable LBT mechanisms for uplink control channels (PUCCH) over NR-U and also provide a TP in the Annex.  
2 Uplink Control Channels (PUCCH) in NR-U
PUCCH is an uplink physical channel that carries UCI (Uplink Control Information). The major information transmitted over PUCCH are categorized as follows: 
· Scheduling Request (SR)
· ACK/NAK (when no UL data to transmit)
· Channel State Information (CSI) Report (periodic/semi-persistent)

3GPP 38.213 [1] mentions multiple PUCCH formats for carrying SR, HARQ Ack/Nack, CSI Report or a combination of these information. The size of the UCI associated also varies from one format to another. In NR-U, UE and gNB needs to perform LBT and CAPC for transmission over PUCCH. Thus, suitable LBT mechanism and efficient CAPC determination needs to be performed for PUCCH in NR-U.
Observation 1: UE needs to perform suitable LBT mechanism and for category 4 LBT determine CAPC for transmission over PUCCH in NR-U.
Based on this observation, we would like to introduce suitable LBT mechanisms and methods for determining CAPC for PUCCH transmission in NR-U.   

3 LBT and CAPC for PUCCH

In this section we will first design an approach to determine the LBT type for PUCCH and subsequently estimate the CAPC of the PUCCH. 

3.1 LBT for PUCCH in NR-U
While LBT for DL and UL data transmission are largely discussed in 3GPP, LBT for PUCCH is not yet discussed. Thus, we observe that there is an impending need for suitable selection of LBT for different messages involved in the random access process. LBT is majorly categorized into two types: (1) type 1 (category 4) and (2) type 2 (category 2). According to 3GPP 36.889 [3], while type 1 (Category 4) LBT involves a random back-off with a variable size contention window, type 2 (category 2) is basically a LBT without random back-off. 3GPP 36.889 [3] also mentions that type 1 (Category 4) LBT scheme is designed to ensure fairness with Wi-Fi. On the other hand, category 2 LBT is mostly used for short messages, e.g. DRS messages. 
3GPP standards have defined different formats of PUCCH [1], [2] depending on the size of PUCCH (number of OFDMA symbols) and the size of Uplink Control Information (UCI) carried. Hence, depending on the different formats and UCI size, the LBT for PUCCH could be different. While category 4 LBT is a natural and fair choice, category 2 LBT could also be used for short PUCCH, carrying small UCI payloads (Format #1), like only SR or HARQ Ack/Nack. RAN1 needs to make the final decision regarding the LBT category for PUCCH in NR-U. 

	#
	PUCCH Format
	Format Description
	LBT Category

	1
	Format #0
	Short PUCCH (1 or 2 symbols), small UCI payloads (< 2 bits)
	


Cat. 4
	


Cat. 2
	


Mix of Cat. 2 and Cat. 4

	2
	Format #1
	Long PUCCH (4 ~ 14 symbols), small UCI payloads (< 2 bits)
	
	
	

	3
	Format #2
	Short PUCCH (1 or 2 symbols), large UCI payloads (> 2 bits)
	
	
	

	4
	Format #3
	Long PUCCH (4 ~ 14 symbols), large UCI payloads (> 2 bits)
	
	
	

	5
	Format #4
	Long PUCCH (4 ~ 14 symbols), moderate UCI payloads (> 2 bits)
	
	
	


Table 1: LBT for PUCCH messages in NR-U

Observation 2: There could be three possible options for LBT categories in PUCCH:
1) All PUCCH messages use LBT Category 4 LBT
2) All PUCCH messages use LBT Category 2 LBT
3) PUCCH messages use a mix of Category 2 and Category 4.

Proposal 1: LBT type for PUCCH message transmissions should be based on the PUCCH format. RAN2 assumes that RAN1 decide the LBT type and details of LBT parameters (e.g. MCOT).

3.2 CAPC Estimation for PUCCH in NR-U
Category 4 LBT requires determination of CAPC, where lower CAPC values reflect higher priority. We propose multiple options for estimating CAPC values corresponding to SR. We prefer gNB to explicitly configure the CAPC values for SR. However, UE can use UL Logical Channel Priorities to estimate the CAPC values. As a third alternative, uplink QCI could also be used to estimate the CAPC of SR in NR-U. If UL logical channel priorities or UL QCI are used, a table mapping the UL LCP priorities or UL QCI to CAPC need to be configured and signalled by RRC. Alternatively, the table could be hardcoded and used in specifications

Proposal 2: CAPC for UL SR could be based on multiple options:
i. Network (gNB) can explicitly configure CAPC for UL SR transmissions.
ii. UE can map UL Logical channel priority values to CAPC for SR. 
iii. Alternatively, UE can use UL QCI to determine the CAPC for SR. 

If DL HARQ decoding fails, the UE could not have any information about the DL LCP values. Thus, UE could be unable to use the DL LCP values for determining the UL CAPC for HARQ Ack/Nack transmissions. Hence, considering the time constraints of small HARQ Ack/Nack messages, we propose to use the highest priority CAPC (CAPC = 1) for HARQ Ack/Nack transmission. On the other hand, the CSI messages are relatively bigger and does not have time constraints. Hence, we propose the network (gNB) to configure the CAPC for CSI messages.

Proposal 3: HARQ Ack/Nack in PUCCH is assigned with CAPC 1 (the highest priority). The network should configure the CAPC for CSI in PUCCH. 


4 Extension over PUCCH Carrying Multiple Information 
As mentioned in 3GPP 38.213, PUCCH can also carry a combination SR, HARQ Ack/Nack and CSI. In that case, CAPC corresponding having most strict requirements could be used, i.e. CAPCPUCCH = min (Ci). However, the final decision if left to RAN2 and RAN1 for estimating and agreeing on how to determine CAPC for a PUCCH carrying a combination of SR, HARQ Ack/Nack and CSI.
Proposal 4: For PUCCH carrying multiple information, the CAPC corresponding to the highest priority among all components PUCCH should be used. 
The final decision should be left to RAN 1.

5 Conclusions
In this contribution, we first pointed out the necessity of a suitable LBT and CAPC procedure for PUCCH in NR-U. Subsequently, we proposed some solutions for LBT process and CAPC estimation methods for PUCCH in NR-U. Our observations are proposal are summarized below.

Observation 1: Suitable LBT mechanism and CAPC determination needs to be performed for efficient transmission over PUCCH in NR-U.

Observation 2: There could be three possible options for LBT categories in PUCCH:
1) All PUCCH messages use LBT Category 4 LBT
2) All PUCCH messages use LBT Category 2 LBT
3) PUCCH messages use a mix of Category 2 and Category 4.

Proposal 1: LBT type for PUCCH message transmissions should be based on the PUCCH format. RAN2 assumes that RAN1 decide the LBT type and details of LBT parameters (e.g. MCOT).

Proposal 2: CAPC for UL SR could be based on multiple options:
i. Network (gNB) can explicitly configure CAPC for UL SR transmissions.
ii. UE can map UL Logical channel priority values to CAPC for SR. 
iii. Alternatively, UE can use UL QCI to determine the CAPC for SR. 

Proposal 3: HARQ Ack/Nack in PUCCH is assigned with CAPC 1 (the highest priority). The network should configure the CAPC for CSI in PUCCH. 

[bookmark: _GoBack]Proposal 4: For PUCCH carrying multiple information, the CAPC corresponding to the highest priority among all components PUCCH will be used.
Proposal 5: Agree to the TP in Annex for TR 38.889. 

Annex – Text Proposal for TR 38.889 v0.2.0
A TP based on the above proposal is as follows:

7.2.2.2.x CAPC  
Depending on uplink PUCCH format, NR-U will support either category 4 or category 2 or a mix of both category 4 and category 2 LBT for PUCCH messages. 
If category 4 LBT is used, the corresponding CAPC needs to be estimated. Network will explicitly configure CAPC for uplink SR. Alternatively UE can map uplink LCH priorities or uplink QCI to a suitable CAPC value. The network will also configure the CAPC for CSI. HARQ Ack/Nack will be assigned with the highest priority CAPC (CAPC = 1). For PUCCH carrying multiple information, the CAPC corresponding to the highest priority, among all components PUCCH, will be used.
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