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Introduction
The following agreements were made in the last meeting [1].
Agreements:
· For resource allocation for HARQ-ACK before RRC connection setup: 
· Only PUCCH Format 0 and 1 are supported 
· The resource allocation is derived based on a 4-bit parameter in RMSI 
· FFS other details (no additional RRC impact)
Agreements:
· For PUCCH resource allocation with fallback DCI,
· The same approach is used as that with normal DCI.
Agreements:
· For resource allocation for HARQ-ACK before RRC connection setup, UE identifies a PUCCH resource from a set of resources derived from RMSI using a similar approach to the case after RRC connection setup.

Agreements:
· 2-bit ARI jointly with implicit mapping for PUCCH resource allocation:
· >[4] (no more than 8) PUCCH resources can be configured in a resource set.
· The number of PUCCH resources in a resource set is configured.
· If larger than [4], implicit mapping in addition to explicit indication is also used.
· A sub-set within a resource set is indicated by ARI and implicit mapping is used within the sub-set
· No additional RRC impact is necessary.
· Otherwise, 3-bit ARI with up to 8 resources per resource set is supported

With respect to resource allocation for PUCCH transmissions the most important open issue is the determination of PUCCH resources before RRC contention setup. This contribution addresses this issue. Moreover, text proposals with respect to PUCCH resource allocation in specifications in provided when some modifications seemed needed.
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It has been agreed to use 4 bits in RMSI for PUCCH resource allocation before RRC connection.   Furthermore, in fall back DCI Format 1_0, the 2-bit PUCCH resource indicator can be used for PUCCH resource indication, similarly to the non-fallback case. The 4 and 2 bits provided by RMSI and DCI, can be used for indicating 16×4=64 PUCCH resources. These PUCCH resources can be given by a 16x4 table in the specification where a row out of 16 rows is indicated by the 4 bits in RMSI and a column out of 4 columns is indicated by the 2-bit PUCCH resource indicator field in DCI. Note that as agreed only PUCCH format 0 or 1 are applicable for this table.
Choices of PUCCH resource parameters before RRC connection setup should provide good coverage, robustness, efficient usage and simplicity. Therefore, we consider the following:
· Frequency hopping is always enabled on the band-edges of the initial UL BWP
· PUCCH format 0 with 2 symbols, PUCCH format 1 with 4, 8 and 14 symbols to provide possibility for trade-off between resource utilization and coverage when applicable
· PUCCH transmissions from different UEs in the same slot last until the slot boundary and start and end at the same time. 
· PUCCH resource on the same time and frequency resources are differentiated with different cyclic shifts. UE multiplexing based on different CSs are preferred over different time domain OCC code. 

Based on these design guidelines, a solution is described in the following which is illustrated in Figure 1 for better understanding.
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[bookmark: _Ref503558455]Figure 1: Illustration of the proposed Table for PUCCH Resource Allocation before RRC Connection
As it is shown, the followings are supported if the table in Figure 1 is specified:
· Only one PRB pair on the edges of the initial uplink BWP is used.
· PUCCH formats of length 14, 8, 4 and 2 provide a reasonable range of flexibility.
· On each PRB, the distance between Cyclic shifts is maximized.
· The users receiving the same RMSI, are allocated PUCCH resources with the same duration and occasion in the slot and their corresponding hopping boundaries are aligned.

In is interesting to note that this approach results in a unified frame work for PUCCH resource allocation before and after RRC connection setup as described in the following:
· Before RRC connection, the 4-bit in RMSI, provides a UE with a PUCCH Resource set for 1-2 bits (equivalent to first PUCCH resource set in Fall back mode) that is hard coded in the specifications. 
· The PUCCH Resource set is common between all UEs while after the RRC connections, the PUCCH Resource set is configured UE specificly.
· Each entry of the set is determined by the PUCCH Resource Indicator field in the DCI similarly to the non fallback mode.
· 4 UEs can be multiplexed simultaneously. Similar to RRC connected mode, more UEs can be multiplexed by implicit mapping in addition to explicit indication via PUCCH Resource Indicator field.

The proposed resource allocation table is proposed in the following:
Proposal:
· Specify a table with 16 rows and 4 columns for determining 64 PUCCH Resources before RRC setup.
· The UE determines the index of a row in the table by the 4-bit in RMSI for PUCCH resource allocation.
· The UE determines the index of a column in the table by the PUCCH Resource Indictor field in the DCI for scheduling RMSI.
· The PUCCH Resource allocation is constructed as the following assuming rows are indexed from 0 to 15 and columns are indexed from 0 to 3:
· Duration and occasion of the PUCCH resources in time:
· Rows 0 to 3 indicate 16 PUCCH Resources using format 1 with 14 symbols starting from symbol index 0
· Rows 4 to 7 indicate 16 PUCCH Resources using format 1 with 8 symbols starting from symbol index 6
· Rows 8 to 11 indicate 16 PUCCH Resources using format 1 with 4 symbols starting from symbol index 10
· Rows 12 to 15 indicate 16 PUCCH Resources using format 0 with 2 symbols starting from symbol index 12
· PRB allocation of PUCCH resources in frequency domain:
· Frequency hopping is enabled for all the PUCCH resources on the band edges of the initial UL BWP.
· Even columns indicate PUCCH Resources where their corresponding first and second hops are on the first PRB and last PRB of the initial UL PWP, respectively.
· Odd columns indicate PUCCH Resources where their corresponding first and second hops are on the last PRB and first PRB of the initial UL PWP, respectively.
· CS and OCC allocation of PUCCH resources in code domain:
· The same time-domain OCC (index 0) is assumed when applicable (only for Format 1)
· For a PUCCH resource in row with index X where X=0, …,15 and column with index Y where Y=0, …3, the initial cyclic shift is given by MOD(X,4) + floor(Y/2).
· Note: The number of columns can be increased by implicit mapping in addition to explicit similarly to non-fallback DCI.
Text Proposal
The Text proposal below is intended for Subclause 9.2.1 and Subclause 9.2.2 in TS 38.213 v2.0.0.
------------------------------------------------ Start of Text Proposal-----------------------------------------------------
[bookmark: _Ref498101660][bookmark: _Toc501054889]9.2.1	PUCCH Resource Sets
A UE is provided by higher layers with one or more of the following higher layer parameters:	Comment by Author: To make connection between first and second paragraph.
-	PUCCH-resource-config-PF0 providing a resources for PUCCH transmission with PUCCH format 0;
-	PUCCH-resource-config-PF1 providing a resources for PUCCH transmission with PUCCH format 1;
-	PUCCH-resource-config-PF2 providing a resources for PUCCH transmission with PUCCH format 2;
-	PUCCH-resource-config-PF3 providing a resources for PUCCH transmission with PUCCH format 3;
-	PUCCH-resource-config-PF4 providing a resources for PUCCH transmission with PUCCH format 4.
A PUCCH resource includes the following:
-	an index of the first symbol
-	for PUCCH format 0 or PUCCH format 2 the index of the first symbol index is indicated by higher layer parameter PUCCH-F0-F2-starting symbol;
-	for PUCCH format 1, PUCCH format 3, or PUCCH format 4, the index of the first symbol is indicated by higher layer parameter PUCCH-F1-F3-F4-starting-symbol;
-	a number of symbols 
-	for PUCCH format 0 or PUCCH format 2, the number of symbols is indicated by higher layer parameter PUCCH-F0-F2-number-of-symbols; 
-	for PUCCH format 1 or PUCCH format 3, or PUCCH format 4, the number of symbols is indicated by higher layer parameter PUCCH-F1-F3-F4-number-of-symbols;  
-	an index of the first PRB prior to frequency hopping or for no frequency hopping by higher layer parameter PUCCH-starting-PRB;
-	an index of the first PRB after frequency hopping by higher layer parameter PUCCH-2nd-hop-PRB;
-	a number of PRBs (for PUCCH format 2 or PUCCH format 3)
-	for PUCCH format 2, the number of PRBs is indicated by higher layer parameter PUCCH-F2-number-of-PRBs; 
-	for PUCCH format 3, the number of PRBs is indicated by higher layer parameter PUCCH-F3-number-of-PRBs; 
-	frequency hopping 
-	frequency hopping for a PUCCH resource is either enabled or disabled and is indicated by higher layer parameter PUCCH-frequency-hopping;
-	an index of the cyclic shift (for PUCCH format 0 or PUCCH format 1)
-	for PUCCH format 0 or PUCCH format 1, the index of the cyclic shift is indicated by higher layer parameter PUCCH-F0-F1-initial-cyclic-shift;
-	an index of an orthogonal cover code in case of PUCCH format 1
-	the index of the orthogonal cover code is from a set determined as described in [4, TS 38.211] and is indicated by higher layer parameter PUCCH-F1-time-domain-OCC;
-	an index of an orthogonal cover code in case of PUCCH format 4
-	the index of the orthogonal cover code is from a set of {0, 1, 2, 3} as described in [4, TS 38.211] and is indicated by higher layer parameter PUCCH-F4-preDFT-OCC-index;
-	a length for an orthogonal cover code in case of PUCCH format 4
-	the length of the orthogonal cover code is from a set of {2, 4} as described in [4, TS 38.211] and is indicated by higher layer parameter PUCCH-F4-preDFT-OCC-length;
-	a spatial setting by higher layer parameter PUCCH-Spatialrelationinfo.
A UE can be configured a number of sets of PUCCH resources by higher layer parameter PUCCH-resource-set, where the number of PUCCH resources in each set of PUCCH resources is provided by higher layer parameter PUCCH-resource-set-size and where a PUCCH resource in a set of PUCCH resources is indicated by higher layer parameter PUCCH-resource-index. 

If the UE transmits  UCI bits, the UE determines a PUCCH resource set to be 

-	a first set of PUCCH resources if , or


-	a second set of PUCCH resources, if any, if  where  is provided by higher layer parameter N_2, or	Comment by Author: Editorial:
The upper bound is captured using “<” not “=<”. The lower bound is captured as “=<” not “<”.
It is easier to fix it here than in 38.331 which is captured based on the definition in the corresponding agreement as “<”



-	a third set of PUCCH resources, if any, if  where  is provided by higher layer parameter N_3, or

-	a fourth set of PUCCH resources, if any, if .  
If a UE is not configured with higher layer parameter PUCCH-resource-set, an UL BWP for PUCCH transmission with HARQ-ACK information is indicated by SystemInformationBlockType1 and a set of PUCCH resources is provided by higher layer parameter PUCCH-resource-common in SystemInformationBlockType1. 	Comment by Author: It seems 38.331 uses “UplinkBandwidthPart”
For PUCCH format 3 or for PUCCH format 4, a UE can be configured by higher layer parameter PUCCH-F3-F4-additional-DMRS a number of symbols used for DM-RS transmission as described in [4, TS 38.211].  	Comment by Author: Editorial:
As commented next, this is better placed at the end of sub-clause 9.2.1 where we try to introduce all the PUCCH related parameters.
This parameter is not used for the UE to figure out which PUCCH format to use for transmissions.
All the information in this sub-clause are obtained based on the parameters defined in sub-clause 9.2.1.


[bookmark: _Toc501054890]9.2.2	PUCCH Formats for UCI transmission
If a UE is not transmitting PUSCH, and the UE is transmitting UCI, the UE shall transmit UCI 
-	on PUCCH format 0 if 
-	the transmission is over 1 symbol or 2 symbols,
-	the number of UCI bits is 1 or 2  
-	on PUCCH format 1 if 
-	the transmission is over 4 or more symbols,
-	the number of UCI bits is 1 or 2  
-	on PUCCH format 2 if 
-	the transmission is over 1 symbol or 2 symbols,
-	the number of UCI bits is more than 2  
-	on PUCCH format 3 if 
-	the transmission is over 4 or more symbols,
-	the number of UCI bits is more than 2 
-	on PUCCH format 4 if 
-	the transmission is over 4 or more symbols,
-	the number of UCI bits is more than 2,
-	a PUCCH resource includes an orthogonal cover code 
For PUCCH format 3 or for PUCCH format 4, a UE can be configured by higher layer parameter PUCCH-F3-F4-additional-DMRS a number of symbols used for DM-RS transmission as described in [4, TS 38.211].  	Comment by Author: Editorial:
As previously commented, this is better placed at the end of sub-clause 9.2.1 where we try to introduce all the PUCCH related parameters.
This parameter is not used for the UE to figure out which PUCCH format to use for transmissions.
All the information in this sub-clause are obtained based on the parameters defined in sub-clause 9.2.1.

------------------------------------------------ End of Text Proposal-----------------------------------------------------
Conclusion
In this contribution we proposed how to specify the PUCCH resources for before RRC connection. Also, a text proposal for TS 38.213 Subclause 9.2.1 and Subclause 9.2.2 is proposed.
Proposal:
· Specify a table with 16 rows and 4 columns for determining 64 PUCCH Resources before RRC setup.
· The UE determines the index of a row in the table by the 4-bit in RMSI for PUCCH resource allocation.
· The UE determines the index of a column in the table by the PUCCH Resource Indictor field in the DCI for scheduling RMSI.
· The PUCCH Resource allocation is constructed as the following assuming rows are indexed from 0 to 15 and columns are indexed from 0 to 3:
· Duration and occasion of the PUCCH resources in time:
· Rows 0 to 3 indicate 16 PUCCH Resources using format 1 with 14 symbols starting from symbol index 0
· Rows 4 to 7 indicate 16 PUCCH Resources using format 1 with 8 symbols starting from symbol index 6
· Rows 8 to 11 indicate 16 PUCCH Resources using format 1 with 4 symbols starting from symbol index 10
· Rows 12 to 15 indicate 16 PUCCH Resources using format 0 with 2 symbols starting from symbol index 12
· PRB allocation of PUCCH resources in frequency domain:
· Frequency hopping is enabled for all the PUCCH resources on the band edges of the initial UL BWP.
· Even columns indicate PUCCH Resources where their corresponding first and second hops are on the first PRB and last PRB of the initial UL PWP, respectively.
· Odd columns indicate PUCCH Resources where their corresponding first and second hops are on the last PRB and first PRB of the initial UL PWP, respectively.
· CS and OCC allocation of PUCCH resources in code domain:
· The same time-domain OCC (index 0) is assumed when applicable (only for Format 1)
· For a PUCCH resource in row with index X where X=0, …,15 and column with index Y where Y=0, …3, the initial cyclic shift is given by MOD(X,4) + floor(Y/2).
· Note: The number of columns can be increased by implicit mapping in addition to explicit similarly to non-fallback DCI.
Proposal:
· Endorse the text proposal in R1-1800950 for Subclauses 9.2.1 and 9.2.2 of TS 38.213 V2.0.0
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