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1 Introduction 
In the RAN1 AH1801 meeting, the followings were agreed regarding PUCCH resource allocation before RRC connection setup:
· For resource allocation for HARQ-ACK before RRC connection setup  

· 4-bit RMSI indicates an entry into a 16-row table and each row in the table configures a set of cell-specific PUCCH resources/parameters

· PUCCH duration of at least {2, 14}
· If frequency hopping is enabled for long PUCCH, the PRB(s) of the two hops are x PRBs away from each edge of the initial UL BWP.
· FFS on x

· FFS on whether to support frequency hopping for short PUCCH
· FFS frequency hopping is always enabled or indicated in RMSI to enable/disable hopping

· Check further offline on the UE feature related discussion

· For PUCCH duration = 2, the starting symbol is symbol 12 within the slot

· HARQ-ACK is only one bit without bundling before RRC connection. 

In this contribution, we discuss and propose remaining details to complete the specifications for the PUCCH resource allocation for the cases before the UE completes to set up an RRC connection to the cell. 
2 PUCCH resource allocation before RRC connection
In the RAN1 AH1801 meeting, multiple key design parameters were discussed regarding the PUCCH resource allocation to use before RRC connection, but the agreement was limited to a few high level issues. The parameters include the number of resource configurations (e.g. 64 or 128, or more), PUCCH duration in terms of symbols (2 and 14 already agreed), frequency hopping enable/disable, cyclic shift and OCC, etc. It should also be decided which parameters (e.g., PUCCH duration or PRB or CS/OCC) are indicated by RMSI and which other remaining parameters are indicated by DCI. Our views on these issues are provided below.
2.1 The number of resource configurations

The total number of resource configurations for HARQ-ACK before RRC connection setup should be decided taking into account the required number of the supported UEs who transmit HARQ-ACK in the corresponding slot to respond to RACH Msg4. The signaling overhead to indicate an assigned resource to the UE should also be considered, as the overhead will increase with increasing the number of the predefined resource configurations in general. 
It is noted that the available number of resources for a cell to allocate to the UEs is scaled down by 16, as the 4-bit resource indicator in RMSI selects one out of the 16 resource sets comprising the resource configurations. Here, ‘resource set’ refers to a set of resources indicated by the 4-bit field in RMSI, which will correspond to a row in the 16x8 resource configuration table if 128 PUCCH resources are pre-defined for HARQ-ACK before RRC connection setup. In case of 64/128/256 resources in total, each resource set indicated by the 4-bit field in RMSI contains 4, 8 and 16 resources, respectively. In order to have a rough estimate of the required number of resources within a set, let’s assume 10 MHz bandwidth for the initial UL BWP and 4 PRBs for a RACH Msg4. For 15 KHz subcarrier spacing, this results in about 12 simultaneous RACH transmissions. Thus, when considering the capacity of simultaneous RACH Msg4 transmissions, it seems safe to support at least 128 PUCCH resource configurations in total for HARQ-ACK before RRC connection setup.
Proposal 1

· At least 128 PUCCH resource configurations are predefined in the spec to support HARQ-ACK transmission before RRC connection setup.

2.2 No frequency hopping configuration
As per the agreed NR UE feature list [2], PUCCH frequency hopping (FH) for FR2 is defined separately from the FH for FR1. This is to allow that PUCCH FH for FR2 becomes a UE optional feature due to a concern that transition time due to frequency hopping in FR2 can be tantamount to or exceed the CP duration for the 120 KHz subcarrier spacing case. 
If PUCCH FH for FR2 becomes an optional feature for FR2, not all the UEs would be able to support the PUCCH frequency hopping during the random access procedure. Whether and which UE can support frequency hopping in FR2 can be informed to the gNB only after the RRC connection setup is completed for the UE, by communicating the UE’s capabilities for NR features during the RRC connection. Therefore, the PUCCH resource sets for the cells deployed in FR2 should contain the configurations which disable the PUCCH frequency hopping.
Proposal 2
· Resource configurations to support no frequency hopping for FR2 should be included in the resource sets.

· [4] out of 16 PUCCH resource sets indicated by the 4-bit field in RMSI correspond to the configurations without frequency hopping. 
2.3 Resource configuration table
The 4-bit field in RMSI can indicate one out of 16 resource sets. As the resource set indicated by RMSI is applied to all the UEs accessing the cell, it is desirable that the RMSI configures resource parameters which are mainly dependent on deployment scenarios. For example, macro cells with huge cell-size would require to configure long PUCCH formats comprising of a dozen of DFT-s-OFDM symbols, e.g., 14 symbols, and the 14-symbol long PUCCH configurations will be commonly applied to all the UEs accessing the cell. Allocation of orthogonal PUCCH resources among the UEs during the RA procedure can be performed by assigning different cyclic shifts (CS) or/and OCCs via ARI. In small cell deployments, the cell may configure short PUCCH resource sets comprising of a few symbols. If the configured PUCCH is format 0 with 2 symbols, the UEs transmitting HARQ-ACK PUCCHs in a cell can be assigned different cyclic shifts.

Different durations of PUCCH formats can be divided into different resource sets. As discussed in Section 2.2, configurations for FH enable or disable can be divided into different resource sets to support different configurations in FR1 and FR2 deployments. On the other hand, it seems unnecessary to divide the resource sets by CS and OCC because these code resources are somewhat independent of the deployment scenarios and more appropriate to provide orthogonality among different UEs in the cell. Instead, it will be more helpful to define diverse choices of the PUCCH durations so that the cell selects an appropriate number of symbols depending on the cell size and deployment scenarios. As illustrated in Table 1 at the end of this section, the 4-bit field in RMSI can support several different configurations in terms of the PUCCH duration, even with including the resource configuration in PRB domain as a part of the RMSI based configuration. Regarding the configurations for FH disable cases, only long PUCCH formats can be defined because FH disable is mainly for FR2 and UL beamforming may not be accurate enough to provide sufficient coverage. 
Based on the discussions above, the 16 resource sets indicated by RMSI can be configured as proposed below, and the full set of resource configurations are provided in Table 1 at the end. 
 Proposal 3
· For the [12] resource sets with frequency hopping, the PUCCH duration [2, 4, 8, 10, 12, 14] symbols are supported.

· For the [4] resource sets without frequency hopping, the PUCCH duration [7, 14] symbols are supported. 

Along with PUCCH duration, the PRB locations can be indicated by RMSI. PRBs which are located on either UL BWP edges or 1 PRB away from the edges can be used for the PUCCH transmission. This allows for inter-cell interference avoidance by configuring different PRB locations via RMSI between the neighboring cells. In case of configurations with FH disable, PRB on a UL BWP edge of either lowest or highest frequency can be configured by RMSI.
As shown in Table 1, the combination of the PUCCH durations and the PRB locations along with FH enable/disable makes 16 resource sets to be selected and indicated by RMSI. PUCCH transmissions from different UEs in the cell can be orthogonalized by assigning different CS/OCC or/and PRB for the 1st frequency hop. Also, for the 2-symbol short PUCCH configurations, starting symbol can be indicated between symbol #10 or #12 by DCI, as the available code resources for short PUCCH are limited compared to long PUCCH configurations. The full set of 128 resource configurations for the PUCCH transmission before RRC connection setup is provided in Table 1 below. It is noted that in case of 2-symbol PUCCH configurations, if the number of simultaneous PUCCH transmission in a slot is not more than 4 UEs, the gNB may assign symbol #12 only without additionally using symbol #10, but if the number of PUCCH transmissions in a slot becomes more than 4 UEs, symbols #10 & #11 can be additionally assigned and used for the 2-symbol PUCCH transmissions as well. Then, the whole resource usage becomes equal to the case of 4-symbol PUCCH.
Proposal 4
· PRBs which are located on UL BWP edges or 1 PRB away from the edges are indicated by RMSI and comprise a resource set in combination with a PUCCH duration.
· DCI assigns the following resources within a resource set for different UEs:

· Cyclic shift and OCC
· PRB on low or high frequency edge for the 1st frequency hop
· Starting symbol for short PUCCH

· 128 resource configurations are provided in Table 1 for the pre-defined PUCCH resource sets.
<Table 1: 128 resource configurations for PUCCH before RRC connection setup>
	4-bit in RMSI
	Frequency hop
	PUCCH duration
	PRB location
	Resource indicated by 3-bit via DCI

	0
	Frequency hop Enable
	2 symbols
	UL BWP edge
	bit 0: 1st frequency hop at ‘Low freq. edge’ or ‘High freq. edge’
bit 1: start at symbol #10 or symbol #12
bit 2: {CS} = {0, 3}

	1
	
	
	1 PRB away from UL BWP edge
	bit 0: 1st frequency hop at ‘Low freq. edge’ or ‘High freq. edge’
bit 1: start at symbol #10 or symbol #12
bit 2: {CS} = {0, 3}

	2
	
	4 symbols
	UL BWP edge
	bit 0: 1st frequency hop at ‘Low freq. edge’ or ‘High freq. edge’
bit 1 & 2: {CS} = {0, 3, 6, 9}

	3
	
	
	1 PRB away from UL BWP edge
	bit 0: 1st frequency hop at ‘Low freq. edge’ or ‘High freq. edge’
bit 1 & 2: {CS} = {0, 3, 6, 9}

	4
	
	8 symbols
	UL BWP edge
	bit 0: 1st frequency hop at ‘Low freq. edge’ or ‘High freq. edge’
bit 1 & 2: {(CS, OCC)} = {(0, 0), (3,1), (6,0), (9,1)}

	5
	
	
	1 PRB away from UL BWP edge
	bit 0: 1st frequency hop at ‘Low freq. edge’ or ‘High freq. edge’
bit 1 & 2: {(CS, OCC)} = {(0, 0), (3,1), (6,0), (9,1)}

	6
	
	10 symbols
	UL BWP edge
	bit 0: 1st frequency hop at ‘Low freq. edge’ or ‘High freq. edge’
bit 1 & 2: {(CS, OCC)} = {(0, 0), (3,1), (6,0), (9,1)}

	7
	
	
	1 PRB away from UL BWP edge
	bit 0: 1st frequency hop at ‘Low freq. edge’ or ‘High freq. edge’
bit 1 & 2: {(CS, OCC)} = {(0, 0), (3,1), (6,0), (9,1)}

	8
	
	12 symbols
	UL BWP edge
	bit 0: 1st frequency hop at ‘Low freq. edge’ or ‘High freq. edge’
bit 1 & 2: {(CS, OCC)} = {(0, 0), (3,1), (6,2), (9,1)}

	9
	
	
	1 PRB away from UL BWP edge
	bit 0: 1st frequency hop at ‘Low freq. edge’ or ‘High freq. edge’
bit 1 & 2: {(CS, OCC)} = {(0, 0), (3,1), (6,2), (9,1)}

	10
	
	14 symbols
	UL BWP edge
	bit 0: 1st frequency hop at ‘Low freq. edge’ or ‘High freq. edge’
bit 1 & 2: {(CS, OCC)} = {(0, 0), (3,1), (6,2), (9,1)}

	11
	
	
	1 PRB away from UL BWP edge
	bit 0: 1st frequency hop at ‘Low freq. edge’ or ‘High freq. edge’
bit 1 & 2: {(CS, OCC)} = {(0, 0), (3,1), (6,2), (9,1)}

	12
	Frequency hop Disable
	7 symbols
	UL BWP edge of the lowest freq.
	bit 0: start at symbol#0 or symbol#7,
bit 1 & 2: {(CS, OCC)} = {(0, 0), (3,1), (6,2), (9,1)}

	13
	
	
	UL BWP edge of the highest freq.
	bit 0: start at symbol#0 or symbol#7,
bit 1 & 2: {(CS, OCC)} = {(0, 0), (3,1), (6,2), (9,1)}

	14
	
	14 symbols
	UL BWP edge of the lowest freq.
	bit 0~2: 
{(CS, OCC)} = {(0, 0), (2,1), (4,2), (6,3), (8, 4), (10,5), (1,6), (3,0)}

	15
	
	
	UL BWP edge of the highest freq.
	bit 0~2: 
{(CS, OCC)} = {(0, 0), (2,1), (4,2), (6,3), (8, 4), (10,5), (1,6), (3,0)}


3 Conclusion 

This contribution has discussed PUCCH resource allocation for HARQ-ACK transmission before RRC connection setup. Based on the discussions, the followings are proposed:
Proposal 1

· At least 128 PUCCH resource configurations are predefined in the spec to support HARQ-ACK transmission before RRC connection setup.
Proposal 2
· Resource configurations to support no frequency hopping for FR2 should be included in the resource sets.

· [4] out of 16 PUCCH resource sets indicated by the 4-bit field in RMSI correspond to the configurations without frequency hopping. 
Proposal 3
· For the [12] resource sets with frequency hopping, the PUCCH duration [2, 4, 8, 10, 12, 14] symbols are supported.

· For the [4] resource sets without frequency hopping, the PUCCH duration [7, 14] symbols are supported.   

Proposal 4
· PRBs which are located on UL BWP edges or 1 PRB away from the edges are indicated by RMSI and comprise a resource set in combination with a PUCCH duration.

· DCI assigns the following resources within a resource set for different UEs:

· Cyclic shift and OCC

· PRB on low or high frequency edge for the 1st frequency hop

· Starting symbol for short PUCCH

· 128 resource configurations are provided in Table 1 for the pre-defined PUCCH resource sets.
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