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1. Introduction
In this contribution, resource allocation for PUCCH is discussed.
2. PUCCH resource allocation before RRC connection setup
In RAN1#91, it was agreed that the resource allocation for HARQ-ACK before RRC connection setup is based on a 4-bit parameter in RMSI. It was also agreed that UE identifies a PUCCH resource from a set of resources derived from RMSI using a similar approach to the case after RRC connection setup. We propose to derive PUCCH resource from the 4-bit parameter in RMSI and to identify one PUCCH resource from the set of PUCCH resources determined by the RMSI.
2.1. How to derive a set of PUCCH resources from a parameter in RMSI
4-bit RMSI field can indicate only 16 states and hence, the usage of 4-bit RMSI field should carefully be done. Table 1 shows a limited value range of PUCCH resources, where NRB is the number of PRBs for the initial active UL BWP for initial access, and X1 and X2 are pre-determined PRB index for PUCCH format 0 and 1. The parameter of which value range is limited is emphasized in red. 
Next, we would like to propose how to derive a set of PUCCH resources by a 4-bit parameter in RMSI. Figure 1 shows an example of pre-determined PUCCH resource table. A set of PUCCH resources is derived in the following steps:
1. Pre-determined 16 PUCCH resources are given in the spec.
2. A 4-bit parameter in RMSI indicates one initial index for PUCCH resource set.
3. Consecutive M resources from the initial index indicated by RMSI are assumed to be PUCCH resource set.
· M is a size of PUCCH resource set, e.g. M = 4 as shown in figure 1.

Since we believe PUCCH format 0 and PUCCH format 1 should be dynamically switched by gNB, PUCCH resource set should contains PUCCH resources for both PUCCH formats. As shown in figure 1, if PUCCH format 0 and PUCCH format 1 are alternatively inserted in the pre-determined PUCCH resource table, PUCCH resource set always contains both formats. 

Table 1.	Limited value range of PUCCH resources.
	
	PUCCH Format 0
	PUCCH Format 1

	Starting symbol
	12, 13
	0, [11]

	Number of symbols in a slot
	1, 2
	[4], 14

	Index for identifying starting PRB
	X1
	X2

	Enabling a frequency hopping
	Enabled
	Enabled

	Frequency resource of 2nd hop if frequency Hopping is enabled
	NRB  - X1-1
	NRB  – X2-1

	Index of initial cyclic shift
	0, 2, 4, 6, 8, 10
	0, 2, 4, 6, 8, 10

	Index of time-domain OCC
	N.A.
	0 - 6



[image: ]    
Figure 1.	An example of pre-determined PUCCH resource table.
2.2. How does UE identify one PUCCH resource from a set of PUCCH resources 
After a set of PUCCH resources is derived, we would like to propose how does UE identify one PUCCH resource from a set of PUCCH resources. Similar to the case after RRC connection setup, 2-bit DCI for Msg. 4 is used to identify PUCCH resource from a set of PUCCH resources.

Proposal 1:
· To derive a set of PUCCH resources from a parameter in RMSI, following steps are conducted,
· 1. Pre-determined 16 PUCCH resources are given in the spec
· 2. A 4-bit parameter in RMSI indicates one initial index for PUCCH resource set
· 3. Consecutive M resources from the initial index indicated by RMSI are assumed to be PUCCH resource set
· To identify one PUCCH resource from a set of PUCCH resources, 2-bit DCI for Msg. 4 is used.

3. Inter-slot frequency hopping
In RAN1#91, it was agreed that the frequency resources for 1st hop and 2nd hop for inter-slot FH is indicated by PUCCH resource allocation and that the inter-slot FH is performed on every slot if configured. However, there is no agreement for the frequency resource determination for 3rd hop and later hops. So, we would like to propose to specify the frequency resources for 3rd hop and later hop for inter-slot FH.
Figure 2 illustrates some possible inter-slot FH pattern. In opt. 1, inter-slot FH is applied on every slot and multiple frequency resources are used. The frequency resources for 3rd hop and later hop are derived by the frequency resources for 1st hop and 2nd hop, e.g. the same frequency distance between 1st hop and 2nd hop is maintained for later hops. An advantage of opt. 1 is that there is a possibility to obtain larger frequency diversity than the case that 2 frequency resources are used. In opt. 2, inter-slot FH is applied on every slot; however, only 2 frequency resources are used. Advantage of alt. 2 is that resource fragmentation can be avoided and that the maximum frequency diversity gain can be obtained with multiplexing two UEs transmitting on 2 slots and 4 slots on the same PRB. Comparing pros and cons for both options, our preference is opt. 2.
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(a) Opt. 1) multiple frequency resource are used                    (b) Opt. 2) 2 frequency resource are used
Fig. 2.	Inter-slot frequency-hopping.
Proposal 2:
· For inter-slot frequency hopping with K=4,
· the frequency resources for 3rd hop is the same as that for 1st hop
· the frequency resources for 4th hop is the same as that for 2nd hop.
· For inter-slot frequency hopping with K=8,
· the frequency resources for 3rd, 5th, and 7th hops are the same as that for 1st hop
· the frequency resources for 4th, 6th, and 8th hops are the same as that for 2nd hop.

4. Cyclic shift hopping for DMRS of PUCCH format 3/4
As agreed in RAN1#91, the index of initial cyclic shift for DMRS for PUCCH format 4 can be 0, 3, 6, 9 which is determined by index of pre-DFT OCC; the cyclic shift hopping (w/ no RRC impact) was FFS. In the current TS 38.211 [2], the cyclic shift hopping is specified as cyclic shift index = {0, 1, 2, …, 11}. However, for the cyclic shift hopping for DMRS of PUCCH format 4, some modifications are needed because cyclic shift index is limited as {0, 3, 6, 9}. In this sub-section, the cyclic shift hopping for DMRS of PUCCH format 3/4 is proposed.
In LTE PUCCH format 5, the cyclic shift index is derived by the index of pre-DFT OCC. Length of pre-DFT OCC for LTE PUCCH format 5 was 2; on the other hand, the length of pre-DFT OCC for NR PUCCH format 4 is 2 and 4. Similar to LTE PUCCH format 5, the distance between each cyclic shift of different pre-DFT OCC index should be larger as much as possible. Table 2 shows initial cyclic shift derived by pre-DFT OCC index. As shown in table 2, the maximum distance between each cyclic shift of different pre-DFT OCC index is obtained regardless of the length of pre-DFT OCC. For pre-DFT OCC length = 2, the initial cyclic shift = {0, 6} for pre-DFT OCC index = {0, 1}, which means the distance between each cyclic shift of different pre-DFT OCC index is 6; for pre-DFT OCC length = 4, the initial cyclic shift =  {0, 6, 3, 9} for pre-DFT OCC index = {0, 1, 2, 3}, which means the distance between each cyclic shift of different pre-DFT OCC index is 3

Table. 2.	Initial cyclic shift which is derived by pre-DFT OCC index.
	Pre-DFT OCC index
	0
	1
	2
	3

	initial CS index
	0
	6
	3
	9



Proposal 3:
· Initial cyclic shift for pre-DFT OCC index is given as following:
· For pre-DFT OCC length = 2, 
· initial cyclic shift = {0, 6} for pre-DFT OCC index = {0, 1}
· For pre-DFT OCC length = 4,
· initial cyclic shift = {0, 6, 3, 9} for pre-DFT OCC index = {0, 1, 2, 3}.

The detail of cyclic shift hopping of DMRS for PUCCH format 3/4 is given as following text proposal of [2].	 
	[bookmark: _Toc500952660]6.3.2.2.2	Cyclic shift hopping

The cyclic shift  varies as a function of the symbol and slot number according to


where

-	is the slot number in the radio frame


-	 is the OFDM symbol number in the PUCCH transmission where  corresponds to the first OFDM symbol of the PUCCH transmission,

-	 is the index of the OFDM symbol in the slot that corresponds to the first OFDM symbol of the PUCCH transmission in the slot given by [5, TS 38.213]

-	for PUCCH format 0 and 1,  is given by [5, TS 38.213]

-	for PUCCH format 3 and 4,  is given by following:

.

-	 except for PUCCH format 0 when it depends on the information to be transmitted according to [clause 9.2 of 5, TS 38.213].

The function  is given by

 



where the pseudo-random sequence  is defined by clause 5.21. The pseudo-random sequence generator shall be initialized with , where  is given by [5, TS 38.213], at the beginning of each radio frame.




5. Fallback operation for PUCCH transmission
In LTE, when the UE has HARQ-ACK feedback for one PDSCH on the PCell only, no matter what PUCCH format the UE is configured for HARQ-ACK transmission, the UE transmits the HARQ-ACK using PUCCH format 1a/1b. Similarly, for the case of SR only or single P-CSI reporting, the UE uses PUCCH format 1 and PUCCH format 2, respectively. For NR, for HARQ-ACK feedback, one of the PUCCH resource sets is selected according to the UCI payload, and further one PUCCH resource is selected from the PUCCH resource set. For dynamic HARQ-ACK codebook, PUCCH resource set selection based on the HARQ-ACK payload realizes the fallback to the PUCCH format 0/1. However, for semi-static HARQ-ACK codebook, RAN1 has not discussed yet whether/how to support such “fallback” PUCCH transmission. We believe this fallback PUCCH transmission mechanism is very important to ensure the robustness of the system and hence, should also be supported for semi-static HARQ-ACK codebook.
Proposal 4:
· For semi-static HARQ-ACK codebook, fallback PUCCH transmission is supported.
· When the UE has HARQ-ACK feedback only for one PDSCH, the UE transmits the HARQ-ACK using a fallback PUCCH transmission.
· The fallback PUCCH transmission uses PUCCH format 0 or 1.
· If the UE is configured with semi-static HARQ-ACK codebook with HARQ-ACK of more than 2 bits, in addition to the PUCCH resource set for the given HARQ-ACK codebook payload, the UE has another PUCCH resource set for HARQ-ACK of up to 2 bits.
· The “another PUCCH resource set for HARQ-ACK of up to 2 bits” can be configured by UE-specific RRC signaling. When the UE has HARQ-ACK feedback only for one PDSCH on only one serving cell, the UE transmits the HARQ-ACK using the PUCCH resource selected from the “another PUCCH resource set for HARQ-ACK of up to 2 bits”. 
Text proposal can be following. 
	[bookmark: _Ref498101660][bookmark: _Toc500947737]9.2.1	PUCCH Resource Sets
[…]
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. 


[bookmark: _GoBack]If the UE is configured with higher layer parameter HARQ-ACK-codebook=semi-static, for a PDSCH transmission on one serving cell within M of PDCCH monitoring occasion(s) for PDCCH with DCI format 1_0 or DCI format 1_1, for which the UE transmits a corresponding HARQ-ACK codebook in a same PUCCH or PUSCH, the UE determines a PUCCH resource set to be the first PUCCH resource set with ; otherwise, 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
· 

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. 





6. Conclusion
In this contribution, we discussed the resource allocation for PUCCH and following proposals were made:
Proposal 1:
· To derive a set of PUCCH resources from a parameter in RMSI, following steps are conducted,
· 1. Pre-determined 16 PUCCH resources are given in the spec
· 2. A 4-bit parameter in RMSI indicates one initial index for PUCCH resource set
· 3. Consecutive M resources from the initial index indicated by RMSI are assumed to be PUCCH resource set
· To identify one PUCCH resource from a set of PUCCH resources, 2-bit DCI for Msg. 4 is used.
Proposal 2:
· For inter-slot frequency hopping with K=4,
· the frequency resources for 3rd hop is the same as that for 1st hop
· the frequency resources for 4th hop is the same as that for 2nd hop.
· For inter-slot frequency hopping with K=8,
· the frequency resources for 3rd, 5th, and 7th hops are the same as that for 1st hop
· the frequency resources for 4th, 6th, and 8th hops are the same as that for 2nd hop.
Proposal 3:
· Initial cyclic shift for pre-DFT OCC index is given as following:
· For pre-DFT OCC length = 2, 
· initial cyclic shift = {0, 6} for pre-DFT OCC index = {0, 1}
· For pre-DFT OCC length = 4,
· initial cyclic shift = {0, 6, 3, 9} for pre-DFT OCC index = {0, 1, 2, 3}.
Proposal 4:
· For semi-static HARQ-ACK codebook, fallback PUCCH transmission is supported.
· When the UE has HARQ-ACK feedback only for one PDSCH, the UE transmits the HARQ-ACK using a fallback PUCCH transmission.
· The fallback PUCCH transmission uses PUCCH format 0 or 1.
· If the UE is configured with semi-static HARQ-ACK codebook with HARQ-ACK of more than 2 bits, in addition to the PUCCH resource set for the given HARQ-ACK codebook payload, the UE has another PUCCH resource set for HARQ-ACK of up to 2 bits.
· The “another PUCCH resource set for HARQ-ACK of up to 2 bits” can be configured by UE-specific RRC signaling. When the UE has HARQ-ACK feedback only for one PDSCH on only one serving cell, the UE transmits the HARQ-ACK using the PUCCH resource selected from the “another PUCCH resource set for HARQ-ACK of up to 2 bits”. 
Text proposal for the proposal 4 can be following. 
	9.2.1	PUCCH Resource Sets
[…]
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 is configured with higher layer parameter HARQ-ACK-codebook=semi-static, for a PDSCH transmission on one serving cell within M of PDCCH monitoring occasion(s) for PDCCH with DCI format 1_0 or DCI format 1_1, for which the UE transmits a corresponding HARQ-ACK codebook in a same PUCCH or PUSCH, the UE determines a PUCCH resource set to be the first PUCCH resource set with ; otherwise, 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
· 

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. 
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0 PUCCH resource #0(PUCCH format 0)

1 PUCCH resource #1(PUCCH format 1)

2 PUCCH resource #2(PUCCH format 0)

3 PUCCH resource #3(PUCCH format 1)

4 PUCCH resource #4(PUCCH format 0)

5 PUCCH resource #5(PUCCH format 1)

6 PUCCH resource #6(PUCCH format 0)

7 PUCCH resource #7(PUCCH format 1)

8 PUCCH resource #8(PUCCH format 0)

9 PUCCH resource #9(PUCCH format 1)

10 PUCCH resource #10(PUCCH format 0)

11 PUCCH resource #11(PUCCH format 1)

12 PUCCH resource #12(PUCCH format 0)

13 PUCCH resource #13(PUCCH format 1)

14 PUCCH resource #14(PUCCH format 0)

15 PUCCH resource #15(PUCCH format 1)
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