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Introduction
During last RAN1 meetings [1], the following agreements had been made on PUCCH resource allocation.
	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 contribution, we provide our considerations on resource allocation for HARQ-ACK.
Discussion
HARQ-ACK
In last meeting, it had been discussed and proposed four options for HARQ-ACK resource of PUCCH. Different from LTE HARQ-ACK resource of PUCCH, UE in NR should configured with time duration informations which is also contained in PUCCH format. 
[bookmark: OLE_LINK1][bookmark: OLE_LINK2][bookmark: _GoBack]In our view, Opt 1 is almost the same as LTE HARQ-ACK resource of PUCCH allocation. UE-specific RRC signalling configures one or multiple set(s) of PUCCH resources, and each set would be numbered as PUCCH resource set index, which could be assigned to UE through higher layer signalling. Furthermore, a given set of PUCCH resource contains some PUCCH resource with same or different PUCCH format, such as 1 symbol PUCCH up to 2bits, 1 symbol PUCCH more than 2bits, long PUCCH up to 2bits, long PUCCH more than 2bits, etc. Then which PUCCH resource to be used in HARQ-ACK can be further indicated by DCI within the configured set that is configured by higher layer, based on the HARQ-ACK feedback number, the available symbols in the associated slot, and feedback latency requirements. 


Figure 1 Opt 1 for HARQ-ACK resource of PUCCH
Compared with Opt 1, Opt 2 prepares one or multiple PUCCH resource sets for each PUCCH format, and also each set would be numbered as PUCCH format resource set index, which could be assigned to UE. Firstly, UE-specific RRC signalling should configure a certain PUCCH format for its HARQ-ACK feedback. Secondly, high layer signalling also has to point out PUCCH format resource set index to UE. At last, the PUCCH resource to be used for HARQ-ACK can be further indicated by DCI among the configured set that is configured by higher layer, based on the available symbols in the associated slot, and feedback latency requirements etc. But it is clear that DCI cannot change PUCCH format. For example, if UE is configured with long PUCCH in step 1, and chose one resource set in step 2, then DCI can indicate which PUCCH resource but UE cannot use any short PUCCH format even if there is an available short PUCCH resource.


Figure 2 Opt 2 for HARQ-ACK resource of PUCCH
Opt 3 is a special case of Opt 2, which could be configure all the different PUCCH format resource set for all the PUCCH durations. The advantage is it is flexible for all the time duration situations, not do not need to additional signalling PUCCH duration especially in the long PUCCH format case. And if PUCCH duration is chosen by RRC signalling (Opt 3a), it would be not very flexible for HARQ-ACK feedback, on the other hand if PUCCH duration is chose by DCI(Opt 3b), it would be more overhead of L1 signalling.
The design principle of Opt 4 is that different PUCCH formats require different resource elements. For example, cyclic shift index is not applicable to PUCCH format with more than 2 bits. Therefore, it defines two separate PUCCH resource sets, one for PUCCH formats carrying up to 2 bits UCI for different PUCCH formats, and the other for PUCCH formats carrying more than 2 bits. Which set should be used in HARQ-ACK feedback could be configured by RRC signalling considering carrier component number or TDD configurations, and also DCI carries resource index in order to indicate the exact PUCCH resource in this set. 


Figure 3 Opt 4 for HARQ-ACK resource of PUCCH

As state above, a table summarizing advantages and disadvantages is shown below.
	Options
	Abstract
	Advantages
	Disadvantages

	Opt 1
	One or multiple set(s) of PUCCH resources consisting of same or different PUCCH formats
	PUCCH resource set contains multiple PUCCH format, and DCI can choose and configure suitable PUCCH format and resource for a given UE.
	DCI overhead is more than the other options.

	Opt 2
	One or multiple set(s) of PUCCH resources for each PUCCH format.
	High layer signalling format and resource set, it reduces resources number and configurations in DCI.
	DCI cannot choose PUCCH format

	Opt 3a
	A set of PUCCH resources for each duration of each PUCCH format, and PUCCH duration is chose by RRC signalling
	It is flexible for all the time duration situations, not do not need to additional signalling PUCCH duration especially in the long PUCCH format case
	not flexible for HARQ-ACK feedback

	Opt 3b
	A set of PUCCH resources for each duration of each PUCCH format, and PUCCH duration is chose by DCI
	
	more overhead of L1 signalling

	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.
	Explicit and easy to configure resource set through RRC and indicate using DCI
	Limited  PUCCH resource for each resource set
And not very suitable for dynamic TDD



Above all, it is proposed that Opt 1 should be used for HARQ-ACK resource of PUCCH, for it can satisfy DCI indicating long PUCCH or short PUCCH without RRC signalling and acceptable, controllable overhead.
Proposal 1. Opt 1 should be used for HARQ-ACK resource of PUCCH.
Two HARQ-ACK PUCCH resources in a slot
In RAN1#88bis, it has been agreed to support that two PUCCHs can be transmitted from one UE on the same slot in TDM manner. These two PUCCH can be long PUCCH and short PUCCH, or short PUCCH and short PUCCH. 
One special case is two HARQ-ACK PUCCH resources is indicated by DCI in one slot with different or same PUCCH formats. As shown in Figure 4, there are two different PUCCH resource formats in one slot, one is long PUCCH in slot n+4 carrying HARQ-ACK for PDSCH in slot n, the other is short PUCCH also in slot n+4 carrying HARQ-ACK for PDSCH in slot n+3.


[bookmark: _Ref494453367]Figure 4 Two PUCCH resource in a slot
In this case, it should declare UE behaviours in HARQ-ACK feedback when two HARQ-ACK PUCCH resources in one slot:
Alt 1: UE still use the separate indicated PUCCH resource for each HARQ-ACK;
Alt 2: UE should discard one PUCCH resource, if one PUCCH can carry the total HARQ-ACK informations.
Alt 3: UE transmits HARQ-ACK on its PUCCH resource, and repeated HARQ-ACK information multiplexed with the other HARQ-ACK on the second PUCCH resource, if second PUCCH can carry the total HARQ-ACK informations. Obviously, Alt 3 can provide additional HARQ-ACK diversity gain compared with Alt 1 and Alt 2. 
So we propose to discuss and specify the UE behaviours in HARQ-ACK feedback when two HARQ-ACK PUCCH resources in one slot.
Proposal 2. Discuss and specify the UE behaviours in HARQ-ACK feedback when two HARQ-ACK PUCCH resources in one slot.
[bookmark: OLE_LINK33][bookmark: OLE_LINK34]Conclusion
In this contribution, we made the following proposals.
Proposal 1. Opt 1 should be used for HARQ-ACK resource of PUCCH.
Proposal 2. Discuss and specify the UE behaviours in HARQ-ACK feedback when two HARQ-ACK PUCCH resources in one slot.
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