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Introduction
[bookmark: OLE_LINK10][bookmark: OLE_LINK11]Following agreements had been made on resource allocation for uplink control channel.
Agreements: (RAN1#87)
· A combination of semi-static configuration and (at least for some types of UCI information) dynamic signaling is used to determine the PUCCH resource both for the ‘long and short PUCCH formats’.
· It should be possible to dynamically indicate (at least in combination with RRC) the timing between data reception and hybrid-ARQ acknowledgement transmission as part of the DCI.
Agreements: (RAN1#87)
· In order to support TDM of short PUCCH from different UEs in the same slot, a mechanism to tell the UE in which symbol(s) in a slot to transmit the short PUCCH on is supported at least above 6 GHz (exact mechanism FFS).
Agreements: (RAN1#Jan. AH)
· For PUCCH in short-duration,
· At least semi-static configuration for the following is supported.
· A PUCCH resource of a given UE within a slot.
· i.e., short-PUCCHs of different UEs can be TDM’ed within the given duration in a slot.
· The PUCCH resource includes time, frequency and, when applicable, code domains.
· FFS details e.g., if the time in the PUCCH resource includes both slot and symbol, or only symbol in a slot
Agreements: (RAN1#Jan. AH)
· A combination of semi-static configuration and (at least for some types of UCI information) dynamic signalling is used to determine the PUCCH resource both for the long and short PUCCH formats
· The PUCCH resource includes time, frequency and, when applicable, code domains.
· FFS details e.g., if the time in the PUCCH resource includes both slot and symbol, or only symbol in a slot
Agreements: (RAN1#88)
· NR supports PUCCH resource allocation for HARQ-ACK transmission with following manner.
· A set of PUCCH resources is configured by high layer signaling
· FFS: other mechanisms
· A PUCCH resource within the configured set is indicated by DCI.
· PUCCH resource determination rule is defined at least for the case where the dedicated PUCCH resources is unknown to the UE
· FFS: details of PUCCH resource determination rule including implicit resource mapping and/or explicit signaling
· This does not preclude implicit resource mapping
This contribution further discusses resource allocation for uplink control channel in NR.
Discussion
Resource indication for HARQ-ACK transmission in PUCCH
It was agreed that PUCCH resource includes time, frequency and, when applicable, code domains and a combination of semi-static configuration and (at least for HARQ-ACK transmission) dynamic signalling is used to determine the PUCCH resource. The combination of semi-static configuration and dynamic indication could be higher layer configuration indicates a set of PUCCH resources and L1 signalling indicates one of higher layer configured resources. 
Individual encoding/mapping of parameters related to PUCCH resource in DCI can differentiate the usage of each resource for case by case condition. If the resource usage for each domain such as frequency, time (slot and symbol), and so on is fully orthogonal, individual encoding/mapping would be more flexible but it increases DCI overhead. However, fully orthogonal combination between each parameter would not be required. As far as the behaviour is “L1 indication from the multiple semi-static configurations,” all parameters related to PUCCH resource could be included within “multiple semi-static configuration” in order to reduce DCI overhead. 
The parameters related to PUCCH resource would be frequency domain resource, time-domain resource such as symbol position within a slot, slot position, and number of symbols (PUCCH duration). Higher layer signalling configures following examples. DCI signals one of index of the configurations. Therefore, UE can know frequency and time-domain resource of PUCCH by only index of the configuration in DCI. If CDM is supported, code-domain resource could also be indicated in joint field for PUCCH resource. 
0:	frequency resource X(0), starting symbol position A(0), number of symbols B(0), slot position C(0)
1:	frequency resource X(1), starting symbol position A(1), number of symbols B(1), slot position C(1)
2:	frequency resource X(2), starting symbol position A(2), number of symbols B(2), slot position C(2)
3:	frequency resource X(3), starting symbol position A(3), number of symbols B(3), slot position C(3)
4:	frequency resource X(4), starting symbol position A(4), number of symbols B(4), slot position C(4)
5:	frequency resource X(5), starting symbol position A(5), number of symbols B(5), slot position C(5)
6:	frequency resource X(6), starting symbol position A(6), number of symbols B(6), slot position C(6)
7:	frequency resource X(7), starting symbol position A(7), number of symbols B(7), slot position C(7)
In above example, all values are configurable but such full flexibility would not be required. For example, the dynamic change of the number of symbols (PUCCH duration) is not required. In addition, required values are different depending on the type of PUCCH (short or long, UCI of up to 2 bits or more than 2 bits). For example, in addition to above values, sequence resource should also be indicated for short-PUCCH for UCI of up to 2 bits.
The configurable values for each parameter could have limitation depending on the type of PUCCH. On the location of short PUCCH, the agreement in RAN1#86bis said:
Agreements: (RAN1#86bis)
· At least two ways of transmission are supported for NR UL control channel.
· UL control channel can be transmitted in short duration
· Around the last transmitted UL symbol(s) of a slot
· FFS: How to define and treat potential gap at the end of the slot.
· FFS: in the other position, e.g., the first UL symbol(s) of a slot
The interpretation of “around the last” would be different among companies. For slot scheduling, if short PUCCH uses up to 4 symbols from the last symbol, the time resource consumption would be too much. Then, the location of short PUCCH is limited to only up to 2 symbols from the last symbol in the slot. E.g., the range of the starting symbol position A is only 1st and 2nd last symbols in the slot for slot scheduling. On the other hand, for mini-slot scheduling (or non-slot scheduling), any position should be supported. E.g., the range of the starting symbol position A is from 1st to 14th symbol in the slot.
On the location of long PUCCH, for PUCCH in long duration, since the minimum number of symbols is 4, the value range of starting symbol position A for slot scheduling may be from 1st to 4th symbols in the 7-symbol slot and 1st to 11th symbols in the 14-symbol slot. On the other hand, for mini-slot scheduling (or non-slot scheduling), any position should be supported. 
More detailed discussion on slot scheduling and non-slot scheduling is found in our accompanied contribution [1].
Proposal 1: For indication of PUCCH resource, higher layer signalling configures multiple configurations and DCI signals one of index of the configurations. The configuration contains frequency resource and time-domain resource (symbol position within a slot, slot position, and number of symbols).
Proposal 2: For slot scheduling, the location of short PUCCH is limited to only up to 2 symbols from the last symbol in the slot. On the other hand, for mini-slot scheduling (or non-slot scheduling), the location of short PUCCH supports any position.

During the initial access procedure, semi-static configuration indicated by dedicated RRC cannot be used. In such case, semi-static configuration can be provided by SIBs (group common RRC). Differentiation of the resource among UEs could be explicit manner by DCI in message 4 or implicit manner by RNTI, CCE usage, or PDSCH location.

Proposal 3: For the case where the dedicated PUCCH resource configuration is unknown to the UE, SIBs (group common RRC) configures one or multiple configurations. Explicit resource indication by DCI in message 4 or implicit resource differentiation by RNTI, CCE usage, or PDSCH location among UEs should be considered.

 “Information from which the UE can derive at least which symbols in a slot that are ‘DL’, ‘UL’ (for Rel-15), and ‘other’, respectively” was agreed. ‘Other’ is further elaborated as ‘Unknown’ in RAN1#89. UE can know whether resource for UL usage are allocated or not dynamically by group common PDCCH [2] for example 1, 2, or 3 symbols in the last. These symbols should be allowed to be used by short-duration PUCCH and SRS. The time/frequency resource for UL control channel in short-duration and SRS should be defined as UL control reserved resource [3]. In addition, the indication of the UL control reserved resource could also be considered by group common PDCCH similar to control resource set indication for PDCCH [2]. 

Group common PDCCH has the function to indicate UL control reserved resource. The relation between indication of group common PDCCH and combination of UL control reserved resource can be UE specific and the relations are configured by higher layer signalling. Semi-static PUCCH resource configuration may also be differentiated based on the resource size indication of PUCCH by group common PDCCH. 

Resource indication for periodic transmission in PUCCH
For PUCCH resource allocation for periodic transmission (such as periodic CSI and SR), one (or multiple if possible) of configurations is indicated semi-statically by higher layer signaling. However, there is a possibility that if slot-type (DL-only, UL-only, DL-centric with number of UL slots N, or UL-centric with number of UL slots N) is dynamically changed, some semi-static configured resources cannot be used because of the outside of the resource. As mentioned above, the indication of the UL control reserved resource could also be considered by group common PDCCH similar to control resource set indication for PDCCH. Assuming group common PDCCH indicates UL control resource size, UE can know whether the semi-statically configured resource are available or not in current slot. In this case, UE can drop periodic transmission when the configured resource is the outside of UL resource or UE can change the resource for periodic transmission based on the indicated UL control resource size.

Proposal 4: For periodic transmission, UE can monitor group common PDCCH to know dynamic variation of UL control reserved resource.

Conclusion
In this contribution, we discussed resource allocation for uplink control channel in NR. We have following proposals:
Proposal 1: For indication of PUCCH resource, higher layer signalling configures multiple configurations and DCI signals one of index of the configurations. The configuration contains frequency resource and time-domain resource (symbol position within a slot, slot position, and number of symbols).
Proposal 2: For slot scheduling, the location of short PUCCH is limited to only up to 2 symbols from the last symbol in the slot. On the other hand, for mini-slot scheduling (or non-slot scheduling), the location of short PUCCH supports any position.
Proposal 3: For the case where the dedicated PUCCH resource configuration is unknown to the UE, SIBs (group common RRC) configures one or multiple configurations. Explicit resource indication by DCI in message 4 or implicit resource differentiation by RNTI, CCE usage, or PDSCH location among UEs should be considered.
Proposal 4: For periodic transmission, UE can monitor group common PDCCH to know dynamic variation of UL control reserved resource.
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