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1. Introduction
In this contribution, PUCCH resource allocation is discussed. So far, following relevant agreements were achieved [1] - [2]:
	Agreements at RAN1 AH:
· Timing between DL assignment and corresponding DL data transmission is indicated by a field in the DCI from a set of values 
· The set of values is configured by higher layer
· Timing between UL assignment and corresponding UL data transmission is indicated by a field in the DCI from a set of values
· The set of values is configured by higher layer
· Timing between DL data reception and corresponding acknowledgement is indicated by a field in the DCI from a set of values
· The set of values is configured by higher layer
· Timing(s) is (are) defined at least for the case where the timing(s) is (are) unknown to the UE
· FFS the value for the timing

Agreements at 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

Agreements at RAN1#88:
· When a UE transmits PUSCH/PUCCH or receives PDSCH based on DCI detected in group common search space, UE applies one of FFSs: default value or value provided by SIB and/or value signalled in DCI. 
· This applies at least for following.
· PDCCH to PDSCH time difference
· PDCCH to PUSCH time difference
· PDSCH to PUCCH time difference
· FFS: timing relations during random access procedure.
· In case of DCI, FFS whether some entries is modified by UE specific RRC message.
· Note that this agreement does not preclude to include values provided by SIB also in UE specific RRC configuration




2. PUCCH resource allocation
For short-PUCCH, it was agreed that the PUCCH resource includes time, frequency, and when applicable, code domains. The short-PUCCH can be used for both slot-based scheduling and non-slot-based scheduling. For slot-based scheduling, short-PUCCH is mapped at the last symbol(s) of a slot, while for non-slot-based scheduling, it should be able to be mapped at any OFDM symbol(s) of a slot. For long-PUCCH, it is reasonable to consider that PUCCH resource includes at least frequency and when applicable, code domains. It is not yet clarified whether the PUCCH resource for long-PUCCH includes time-domain. 
UEs may have different bandwidths and/or different center frequencies for the uplink carrier, or for the configured UL BWPs of the carrier. In other words, the number of PRBs and/or the location of edge PRBs can be different among UEs. If the PUCCH resource indexing is in UE-specific manner, the PUCCH resource index assigned for each physical PUCCH resource is different among UEs. Besides, at least for short-PUCCH, PUCCH resource indexing may cross symbols of a slot. It should be UE-specific whether to configure 1-symbol PUCCH or 2-symbol short-PUCCH in a slot. Even in such situation, gNB should be able to multiplex PUCCHs of those UEs having different carrier bandwidths and/or center frequencies.
For HARQ-ACK feedback, PUCCH resource should be indicated by the DCI scheduling the PDSCH. In LTE, PUCCH resource is determined as a function of the first CCE index of the PDCCH scheduling the PDSCH in implicit manner. This could save the DCI overhead while PUCCH resource collision can be avoided unless spatial multiplexing is supported. This worked well in LTE due to the fact that (1) all UEs scheduled at the same timing share the same PDCCH region/resource set and the same CCE indexing and (2) each CCE is occupied by up to 1 PDCCH (i.e., no spatial multiplexing of multiple PDCCHs). However, for NR, such implicit resource indication is not reasonable. First, configuration of control resource set(s) is UE-specific and CCEs are indexed per control resource set. Second, MU-MIMO is supported even for PDCCH. Therefore, it is not always true that different PDCCHs start at different CCE index. In order to resolve PUCCH resource collision among UEs, it is reasonable to use explicit field in the DCI to inform which PUCCH resource is used to report HARQ-ACK.
Considering all these aspects, PUCCH resource allocation should be flexible and UE-specific, and should not be tied with any other information. DL assignment for PDSCH should explicitly indicate the PUCCH resource for the UE.
Proposal 1:
· Implicit PUCCH resource allocation is NOT supported.
· For HARQ-ACK feedback, an explicit field in the DL assignment indicates a PUCCH resource.
· For UCIs other than HARQ-ACK, higher-layer signaling configures the PUCCH resource.

Different PUCCH formats/types require different PUCCH resource allocation schemes. 
For 1-symbol short-PUCCH of UCI for up to 2 bits, sequence-based PUCCH is adopted. The largest merit of the sequence-based PUCCH is its lower PAPR design. Therefore, non-contiguous resource allocation is not reasonable, and for this type of PUCCH, DL assignment should tell the UE of its starting PRB location. If more than one sequence lengths are supported, sequence length or ending PRB location of the PUCCH is also necessary to be informed.
[bookmark: _GoBack]For 1-symbol short-PUCCH of UCI for more than 2 bits, FDM-based PUCCH is adopted. For this case, PAPR is already high and hence, both contiguous and non-contiguous resource allocations should be enabled. Therefore, DL assignment should tell the UE of one or multiple PRBs forming a PUCCH.
For 2-symbol short-PUCCH, two options can be considered: (1) DL assignment tells the UE of one PUCCH resource for the first symbol, and then the UE derives the PUCCH resource for the second symbol, and (2) DL assignment tells the UE of two PUCCH resources for the first symbol and the second symbol, respectively. The former one is similar to LTE PUCCH frequency-hopping, in which case the resource of the second hop is derived from the resource of the first hop, carrier bandwidth, and center frequency. However, as discussed earlier, considering the UE-specific uplink carrier operation, it is better not to tie the resources in the two symbols. Therefore, for NR, latter option would be feasible.
For long-PUCCH, in frequency-domain, above discussions still hold except for non-contiguous resource allocation; i.e., for long-PUCCH, since CP-OFDM waveform is not supported, non-contiguous resource allocation is no longer necessary. In time-domain, especially for non-slot-based scheduling, long-PUCCH should be transmitted at various time-domain locations. Therefore, similar to short-PUCCH, PUCCH resource for long-PUCCH should include time-domain.
Proposal 2:
· For 1-symbol short-PUCCH for UCI of up to 2 bits,
· DL assignment tells the UE of PUCCH resource including at least starting PRB location in frequency-domain.
· For 1-symbol short-PUCCH for UCI of more than 2 bits,
· DL assignment tells the UE of PUCCH resource including one or more contiguous/non-contiguous PRBs in frequency-domain.
· For 2-symbol short-PUCCH,
· DL assignment tells the UE of PUCCH resource including set of frequency-domain resources for the first-symbol and for the second symbol.
· For long-PUCCH,
· DL assignment tells the UE of PUCCH resource including set of frequency-domain resources for the first hop and for the second hop.

3. Conclusion
In this contribution, PUCCH resource allocation is discussed and following proposals were made.
Proposal 1:
· Implicit PUCCH resource allocation is NOT supported.
· For HARQ-ACK feedback, an explicit field in the DL assignment indicates a PUCCH resource.
· For UCIs other than HARQ-ACK, higher-layer signaling configures a PUCCH resource.
Proposal 2:
· For 1-symbol short-PUCCH for UCI of up to 2 bits,
· DL assignment tells the UE of PUCCH resource including at least starting PRB location in frequency-domain.
· For 1-symbol short-PUCCH for UCI of more than 2 bits,
· DL assignment tells the UE of PUCCH resource including one or more contiguous/non-contiguous PRBs in frequency-domain.
· For 2-symbol short-PUCCH,
· DL assignment tells the UE of PUCCH resource including set of frequency-domain resources for the first-symbol and for the second symbol.
· For long-PUCCH,
· DL assignment tells the UE of PUCCH resource including set of frequency-domain resources for the first hop and for the second hop.

References
[1] 3GPP Chairman’s note, RAN1 ad-hoc meeting.
[2] 3GPP Chairman’s note, RAN1#88.
- 4/4 -
