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1 Introduction
During the past RAN1 meetings, RAN1 made the following agreements for resource allocation for NR physical uplink control channel (PUCCH): 
Agreements from RAN1 NR Ad-Hoc#1 [1]:
· 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’
· 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
· 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 from RAN1#88 [2]:
· 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
· Both TDM and FDM between short duration PUCCH and long duration PUCCH are supported at least for different UEs in one slot
Agreements from RAN1#88bis [3]:

· Two NR-PUCCHs can be transmitted from one UE on the same slot in TDM manner.
· The two NR-PUCCHs can be short-PUCCH.

· The two NR-PUCCHs can be long-PUCCH + short-PUCCH.

· FFS whether or not to have the two NR-PUCCHs as long-PUCCH + long-PUCCH

· FFS: other multiplexing scheme(s) between the two NR-PUCCHs

· FFS the case of more than 2 NR-PUCCHs in one slot from a UE (if more than 2, only short-PUCCHs)
In this document, we provide our views on resource allocation (RA) for PUCCH in short duration (i.e. short PUCCH). In particular, we discuss short PUCCH formats and corresponding resource allocation schemes, and further discuss details on time-domain RA.  

2 Short PUCCH formats and resource allocation 
Short PUCCH may carry scheduling request (SR), 1 or 2 HARQ-ACK bits, or 3~70 bits consisting of periodic CSI, HARQ-ACK, and/or SR. As short PUCCH employs an OFDM waveform and is mainly applicable to non-power limited UEs, a UE may be able to transmit multiple short PUCCHs simultaneously, each carrying a different type of UCI. Depending on the UCI size, two different transmission schemes, sequence-based transmission and channel coding and DM RS based transmission, can be employed. Accordingly, short PUCCH formats can be defined as follows:
· Format 1/1a/1b (sequence-based transmission): 
· Normal SR (on/off signaling), 1 bit HARQ-ACK, 2 bits HARQ-ACK, respectively.
· Format 2/2a/2b (channel coding and DM RS based transmission, 3-70 bits): 
· Periodic CSI only, URLLC enhanced SR (SR carrying additional information [4]) only; 
· Combination of periodic CSI, HARQ-ACK, and/or SR, combination of URLLC SR and HARQ-ACK; 
· HARQ-ACK (>2 bits) with/without SR. 
For all the formats above, resource allocation for short PUCCH can be based on resource block groups (RBGs) consisting of one or more contiguous resource blocks (RBs) e.g. RBG of 3 RBs, where 1 RB consists of 12 subcarriers and 1 symbol. RBG-level resource aggregation can improve channel and interference estimation and can reduce signalling overhead for resource allocation.
Table 1 presents resource allocation methods for the short PUCCH formats defined according to transmission schemes and UCI type. Short PUCCH resources for normal SR, periodic CSI, and URLLC enhanced SR can be semi-statically configured. Short PUCCH resources for HARQ-ACK can be more flexibly scheduled with combination of semi-static configuration and dynamic signalling. This would allow short PUCCH to be easily multiplexed with long PUCCH or long PUSCH in a system without limiting scheduling flexibility of long PUCCH/PUSCH. One example for flexible RBG allocation with low signalling overhead is sub-band group based RBG allocation [5]. UE can be semi-statically configured with a certain sub-band group consisting of multiple sub-bands, and can be dynamically assigned with an RBG or sub-bands within the configured sub-band group. 
When UE need to transmit HARQ-ACK bits along with normal SR, periodic CSI, or URLLC enhanced SR in the same OFDM symbol but as a separate short PUCCH (e.g. transmitting short PUCCH format 1 and short PUCCH format 1a, transmitting short PUCCH format 2 and short PUCCH format 2b due to a large number of HARQ-ACK bits), a gNB scheduler may allocate RBGs for the short PUCCH carrying HARQ-ACK taking into account the semi-statically configured RBGs (for normal SR, periodic CSI, or URLLC enhanced SR) for the UE, in order to minimize UE power back-off due to inter-modulation. 
Proposal 1: Consider RBG-level resource aggregation for short PUCCH.  
Proposal 2: NR supports FDM of 2 short-PUCCHs from a UE.   
Table 1 Proposed short PUCCH formats and corresponding UCI types and RA methods
	Short PUCCH format 
	UCI type
	Resource allocation method

	Format 1
	Normal SR (on/off signalling)
	RBG(s) and a payload sequence (e.g., sequence index): semi-static configuration

	Format 1a/1b
	1 bit/2 bits HARQ-ACK, respectively
	RBG(s): combination of semi-static configuration and dynamic signalling
A set of payload sequences (2 or 4): dynamic signalling and/or RBG/resource-specific

	Format 2
	Periodic CSI only, or URLLC enhanced SR only
	RBG(s) and DM RS sequence(s): semi-static configuration

	Format 2a
	Periodic CSI and small (e.g. ≤ 6 bits) number of HARQ-ACK bits with/without normal SR; or
URLLC enhanced SR and small (e.g. ≤ 6 bits) number of HARQ-ACK bits
	RBG(s) and DM RS sequence(s): semi-static configuration
Note: A small number of HARQ-ACK bits with/without normal SR can be transmitted in the semi-statically configured CSI resources. Similarly, a small number of HARQ-ACK bits may be transmitted in the semi-statically configured URLLC enhanced SR resources. 

	Format 2b
	HARQ-ACK (> 2 bits) with/without normal SR when CSI or URLLC enhanced SR resources are not configured;
HARQ-ACK (e.g. > 6 bits) with/without normal SR when CSI resources are configured; or

HARQ-ACK (e.g. > 6 bits) when URLLC enhanced SR resources are configured.
	RBG(s): combination of semi-static configuration and dynamic signalling

DM RS sequence(s): dynamic signalling and/or RBG/resource-specific


3 Resource allocation in the time domain
The symbol/slot in which the UE transmits HARQ/ACK using short PUCCH may depend on the DL search space configured for the UE. The set of OFDM symbols for DL control channel monitoring are typically located in the beginning of a slot/mini-slot. The control channel candidates can be mapped to CCEs/REGs in the set OFDM symbols as shown in Figure 1. 

As shown in the Figure 1, if the UE determines its DL assignment by decoding candidate c1 or c2 (i.e., those present in OFDM symbol s1) of slot x, it transmits corresponding HARQ-ACK in OFDM symbol s13 of slot x; if the UE determines its DL assignment by decoding a candidate (e.g. c3, or c5) in a later symbol (e.g. symbol s2 or s3) it transmits corresponding HARQ-ACK in OFDM symbol s14 of slot x.. For cases where the UE time budget does not allow same slot transmission of HARQ-ACK, the UE may transmit HARQ-ACK in next slot for PDSCH corresponding to control channel candidates decoded in later OFDM symbols. For examples, if the UE determines its DL assignment by decoding candidate c1 or c2 or c3 or c4 (i.e., those present in OFDM symbol s1 or s2), it transmits corresponding HARQ-ACK in OFDM symbol s14 of slot x; if the UE determines its DL assignment by decoding candidate c5 or c6 (i.e., those present in OFDM symbol s3), it transmits corresponding HARQ-ACK in OFDM symbol s14 of slot x+1. 
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Figure 1 Example of UL HARQ-ACK transmission symbol determination based on OFDM symbol of DL control channel candidate.
Such an approach is useful for reducing UE complexity by giving the UE enough processing time to decode data and send HARQ-ACK based on when the UE finishes its control channel decoding, i.e., if the control channel candidate is decoded early because it is sent in an earlier DL OFDM symbol, corresponding HARQ-ACK can be sent in an earlier UL OFDM symbol, and if the control channel candidate is decoded later because it is sent in an later DL OFDM symbol, corresponding HARQ-ACK can be sent in an later UL OFDM symbol without forcing the UE to implement a tighter HARQ processing time-line based on the last possible DL OFDM symbol for control channel decoding and the first possible UL OFDM symbol/slot for corresponding HARQ-ACK transmission.

Proposal 3: UL symbol(s)/slot in which UE sends HARQ-ACK on short PUCCH corresponding to decoded DL data can be dependent on the DL OFDM symbol in which the corresponding control channel candidate is decoded,  in order to provide the UE enough processing time to decode data and send HARQ-ACK.
4 Selection between short PUCCH and long PUCCH
A UE may be semi-statically configured to use short PUCCH only, long PUCCH (i.e. PUCCH consisting of more than 2 symbols) only, or both short PUCCH and long PUCCH. If a given UE supports diverse services having various performance requirements (e.g. latency, peak data rate, etc.), the UE can be configured to use both short PUCCH and long PUCCH.
Short PUCCH mainly targets for low latency services, in which case the UE normally monitors PDCCH with short time interval. Further, a PDCCH resource set with short symbol duration and short monitoring interval can also be configured by the gNB for low latency services. Therefore, the PUCCH duration (short PUCCH vs long PUCCH) that UE has to use for a particular time instance can be implicitly indicated to the UE by the PDCCH monitoring interval or even a particular PDCCH resource set. This implicit association would reduce signalling overhead, and a certain level of flexibility can also be kept by making the implicit association configurable by higher layer signalling. 
Proposal 4: A DL control channel monitoring interval or a DL control resource set index can be used to implicitly indicate to the UE a PUCCH duration and partial or whole information on PUCCH resource allocation.
5 Conclusion

In summary, we propose the followings on resource allocation for NR short PUCCH:

· Proposal 1: Consider RBG-level resource aggregation for short PUCCH.  
· Proposal 2: NR supports FDM of 2 short-PUCCHs from a UE.   
· Proposal 3: UL symbol(s)/slot in which UE sends HARQ-ACK on short PUCCH corresponding to decoded DL data can be dependent on the DL OFDM symbol in which the corresponding control channel candidate is decoded,  in order to provide the UE enough processing time to decode data and send HARQ-ACK.

· Proposal 4: A DL control channel monitoring interval or a DL control resource set index can be used to implicitly indicate to the UE a PUCCH duration and partial or whole information on PUCCH resource allocation.
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