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1 Introduction
At the RAN1 #AH3 meeting, the following agreements were reached on PUCCH resource allocation [1]:
Agreements:
· A set of PUCCH resources at least for HARQ-ACK which is configured to a UE by high layer signaling is defined as one of followings (to be down-selected).

· Opt.1: One or multiple set(s) of PUCCH resources consisting of same or different PUCCH formats. 

· Opt.2: One or multiple set(s) of PUCCH resources for each PUCCH format.

· Opt.3: A set of PUCCH resources for each duration of each PUCCH format.

· Opt.4: A set of PUCCH resources for PUCCH formats carrying up to 2 bits UCI. Another set of PUCCH resources for PUCCH formats carrying more 2 bits UCI. 

· FFS: How to identify a PUCCH resource from the set of PUCCH resource. 

· At least for HARQ-ACK, the starting slot of PUCCH is indicated by DCI.

· Earliest transmission timing is based on UE capability 

· FFS how PUCCH resource is defined

In this paper, we provide our views and solutions on PUCCH resource allocation including PUCCH resource determination before RRC connection establishment.
2 Discussion

At the previous RAN1 meeting, both explicit and implicit (similar to LTE) resource allocation mechanisms were proposed for HARQ-ACK PUCCH resource allocation. For implicit indication, the motivation is to save DL signalling overhead, but the downside is loss in flexibility and, more importantly, a return to fixed timing relationships that may not be suitable for the diverse deployment scenarios and use cases envisioned for NR. Secondly, using LTE-style CCE-based implicit indication may lead to PUCCH resource collision or more elaborate collision avoidance techniques compared to the ARO techniques employed in LTE. More importantly, due to mini-slot scheduling, coupling the DL PDCCH configuration and UL PUCCH resource imposes further restrictions and/or advanced collision avoidance techniques. Considering variable PUCCH formats and flexible starting PUCCH positions, explicit HARQ-ACK PUCCH resource allocation offers a unified solution for all NR use cases. 
Proposal 1: support explicit PUCCH resource configuration for all UCI transmission.
2.1 Resource set configuration 
The PUCCH resource configuration may include some combination of the following parameters:

1. PUCCH format

2. Time domain resources: starting symbol and duration

3. Frequency domain resources: starting PRB and, if applicable, number of PRBs

4. Sequence selection, e.g. cyclic shift of a base sequence

5. OCC

6. Hopping indication

Clearly, for HARQ-ACK resource allocation, it would not be possible to dynamically signal all these parameters to the UE in the DCI scheduling a DL assignment given the excessive overhead. As there is a tradeoff between flexibility and DL signaling overhead a judicious choice should be made between on which parameters can be semi-statically configured and which can be indicated by DCI. 
Regarding the resource set configuration, there are several proposed options from last meeting. Firstly, the resource set number should not be too many, no need to define one resource set for each format. Secondly, UCI payload will be implicitly associated with one certain format, for example, up to 2 bits and more than 2 bits. Thirdly, it is better to have one clean indication for DCI indication, since joint encoding may save information bits if all related parameters are encoded in the RRC signaling. Based on these analyses, we propose one simple resource set configuration: defining two resource sets, one is corresponding to up to 2 bits, and another is corresponding to more than 2 bits. In most of cases, one PUCCH format is sufficient for one payload, however, in order to address different services, allowing dynamical selection when multiple formats are configured is beneficial. For parameters indication, the RRC signaling will cover all related parameters, while in DCI signaling, it only covers the dynamic parameters indication, for example, dynamic time/frequency/code domain parameters.  In table 1, one resource set configuration example is shown.
 Table 1:  Resource set definition 
	Resource set 
	 UCI payload
	Related formats 

	Resource set 1
	Up to  2bits  
	Short PUCCH

Long PUCCH 

	Resource set 2
	More than 2 bits  
	Short PUCCH

Long PUCCH with multiplexing

Long PUCCH without multiplexing 


For detailed parameters configuration, it is quite complicated, because for each format, the required parameters are different. In the table 2, we give one concrete example to elaborate possible parameter setting.  Since PRB number occupation is not finalized for each format, the parameter, PRB number, may not be needed for some formats. In the long PUCCH for 1-2 bit UCI, the DMRS pattern may need to address slow speed and high speed respectively, possible two patterns configured. Similar, final transmission scheme for long PUCCH with multiplexing case is not determined for FDM or CDM. All these open parameters are marked with bracket for the clarification.
               Table 2: parameters list for different PUCCH format
	PUCCH format
	Parameters list  

	Short PUCCH for 1~2 bits UCI
	Sequence/CS, RB index, starting symbol, 1 or 2 symbol,  hopping indicator,  [PRB number]  

	Long PUCCH for 1~2 bits UCI
	Sequence/CS/OCC, RB index, starting symbol, time duration,  hopping pattern,  [PRB number] , [DMRS pattern] 

	Short PUCCH for > 2 bits UCI
	PRB number, starting RB index, hopping indicator, starting symbol, time duration

	Long PUCCH with multiplexing
	PRB number, starting RB index; hopping patter, starting symbol, time duration, DMRS sequence,  [OCC]

	Long PUCCH without multiplexing  
	PRB number, starting RB index, hopping pattern, starting symbol, time duration  


In the above table, slot index of PUCCH doesn’t appear as it was agreed that HARQ timing (K1) is indicated in the DCI scheduling a DL assignment. Hence, for PUCCH resource allocation, the slot index is not needed to indicate separately. Nevertheless, the symbol timing should be indicated, shown in the table 2. 
In case of the signaling indication, RRC messages should include all related parameters indication. Among those, some are semi-static, like hopping indicator, but some are per TTI changed, for example, time position or frequency position. Considering limited DCI bits, only dynamic parameters are needed to indicate in the DCI. Actually from resource assignment prospective, dynamic parameters are associated with the resource index, and then one resource index within one resource set by RRC configuration can represent the particular parameters selection. In case of DCI overhead reduction, some parameters, such as PRB number for more than 2 bits UCI, can be derived from the UCI payload.
Proposal 2: Configure 2 resource sets for dynamic ACK/NACK transmission

· First  one is used for up to 2 bits payload 

· Second one is used  for more than 2 bits payload

Proposal 3:  Dynamic parameters, at least including starting symbol and starting PRB, can be derived from a resource index in DCI from the RRC-configured resource set  
Proposal 4: Reuse slot offset indication between PDSCH and PUCCH in HARQ timing for PUCCH resource indication.
To achieve the randomization of CS index on each transmission symbol of NR PUCCH, for short and long PUCCH format for 1~2 bits UCI, formula or rule to obtain different CS indices for different symbols in one slot should be considered. One simple way is to predefine a simple formula to obtain the CS index for each symbol in one slot based on the configured CS index in Table 1, such as 
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is the index of symbol in one slot and k is a predefined value. Another way is to reuse LTE mechanism by indicating the PUCCH index for one UE, so as to obtain the corresponding CS index\OCC index\RB index based on the PUCCH index according predefined formulas for each symbol in one slot. To support the multiplexing of PUCCH with different lengths, it is simple and beneficial to define a unified solution to generate CS for each symbol in one slot. Reusing LTE mechanism is more preferred for simplicity and flexibility. 
Proposal 5: Support cyclic shift randomization with one PUCCH duration.
2.2 Initial PUCCH resource determination
For HARQ-ACK feedback of RA Msg. 4 transmission during the RACH procedure, since the set of PUCCH resources has not been configured to the UE before RRC connection establishment, how to indicate the HARQ-ACK PUCCH resource for RA Msg. 4 should be further considered. There are two possible options:
· Option 1: Indicate the PUCCH resource in SIB
· Option 2: Indicate the PUCCH resource in RAR
For Option 1, a PUCCH resource pool is configured in SIB, and DCI indicates one actual PUCCH resource. Considering the potentially large number of UEs transmitting PUCCH in one subframe, collision avoidance techniques would be necessary. 
For Option 2, a PUCCH resource pool is configured in RAR, and DCI scheduling RA Msg4 indicates one resource from this pool. One resource can be chosen to avoid collision with other dynamically indicated PUCCH resources. One issue with this scheme is that it changes RAR PDU structure by adding a new field and RAN2 needs to be informed as soon as possible. 
Proposal 6: For HARQ-ACK feedback corresponding to RA Msg. 4, a set of PUCCH resources can be configured by either SIB or RAR. The DCI scheduling RA Msg4 indicates one resource out of this set for PUCCH transmission.
3 Conclusions
Based on the above discussion, we have the following proposals:
Proposal 1: support explicit PUCCH resource configuration for all UCI transmission.
Proposal 2: Configure 2 resource sets for dynamic ACK/NACK transmission

· First  one is used for up to 2 bits payload 

· Second one is used  for more than 2 bits payload

Proposal 3:  Dynamic parameters, at least including starting symbol and starting PRB, can be derived from a resource index in DCI from the RRC-configured resource set.
Proposal 4: Reuse slot offset indication between PDSCH and PUCCH in HARQ timing for PUCCH resource indication.
Proposal 5: Support cyclic shift randomization with one PUCCH duration.
Proposal 6: For HARQ-ACK feedback corresponding to RA Msg. 4, a set of PUCCH resources can be configured by either SIB or RAR. The DCI scheduling RA Msg4 indicates one resource out of this set for PUCCH transmission.
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