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Introduction
In RAN#88b, the following agreement has been made regarding PUCCH multiplexing and resource allocation:
· 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)
· This does not preclude implicit resource mapping

· Similar to LTE, the number of RBs allowable for DFT-s-OFDM waveform should be N = 2i3j5k.

In this contribution, we express our views on resource allocation for PUCCH.
Discussion on resource allocation type
In RAN1 # 88, it has been agreed that at least for HARQ-ACK transmission, a set of PUCCH resources is configured by high layer signalling, a PUCCH resource within the configured set is indicated by DCI. 	This does not preclude implicit resource mapping. In RAN1#88, it’s also agreed that for PUCCH in long-duration, it may have variable number of symbols with a minimum of 4 symbols in a given slot with the set of supported values for FFS.	To determine the time resource for long duration PUCCH in a slot, study further
–	Option 1: explicit and dynamic indication
–	Option 2: explicit semi-static configuration
–	Option 3: implicit determination
–	Or a combination thereof
 Semi-static resource allocation is supported for PUCCH. With semi-static configurations, the grant overhead may be reduced. However, the resources need to be reserved for a very long time. Therefore, Semi-static resource allocation may be efficient for scheduling request (SR) where certain resource needs to be reserved for UEs to initiate UL data transmission, or periodic control information like periodic CQI. To reduce turnaround time for certain high priority UEs, a Buffer status report (BSR) with reduced payload may be transmitted on PUCCH in place of SR. For semi-persistent PDSCH, a semi-static resource allocation for the ACK channel can also reduce grant overhead. On the other hand, UCI like ACK for dynamic PDSCH don’t have a predictable transmission pattern and therefore semi-static configurations will incur resource waste. It’s better to allocate the resource for dynamic ACK transmission with dynamic resource allocation. In another word, the resource allocation type for PUCCH should depend on its UCI. We therefore have the following proposal:
Proposal 1: resource allocation for PUCCH depends on UCI:
· Support semi-static resource allocation for 
· Periodic CQI, 
· SR, 
· ACK/NACK for semi-persistent PDSCH
· Multi-bits SR for high priority UEs
· Support dynamic resource allocation at least for 
· ACK/NACK for dynamic PDSCH 



For dynamic allocation of ACK resource, the ACK resource may be implicitly mapped from the starting CCE index of PDCCH similar to LTE to save grant overhead. However, due to some enhancement already introduced or could introduced in the future for NR, the implicit mapping rule in LTE may cause ACK resource collision [1]. Fortunately, the collision can be easily handled by simple enhancement of the implicit mapping rule. For example, in a system with multiple sub-band, a UE may monitor only a particular sub-band. Therefore, if the resource mapping function only depends on starting CCE, two UEs in different sub-bands may be mapped to the same ACK resources leading to collision. To avoid such a collision, the implicit mapping may be sub-band dependent. For example, there may be a unique sub-band offset for each sub-band on top of starting CCE so that different sub-band will be mapped to different ACK resource pools. Another collision issue raised in [2] is with potential MU-MIMO support in DL control channel, two users may have same CCE index hence mapped to the same ACK resources. This collision can be resolved by simply including a unique UE ID associated with the DL MU-MIMO transmission, such as , into the implicit mapping function. For example, adding a unique offset based on on top of the existing implicit mapping rule should be able to resolve the ACK resource collision. 
Based on the above discussion, we therefore have the following proposal:
Proposal 2: Support at least implicit resource mapping from starting CCE of PDCCH to ACK resource. 
· The implicit mapping function should be sub-band dependent. 
· 
The implicit mapping function can be enhanced in NR to include more input parameters such as .

When different types of UCI are transmitted simultaneously, resource allocation for PUCCH may also be different types depending on the combinations of UCI. For example, if 1 or 2 bit of ACK to be transmitted together with periodic CQI in long duration, the PUCCH may use CQI resource with ACK piggy backed on CQI similar to LTE. In this case, we may not need to dynamically allocate the resource for ACK if it’s dynamic ACK/NACK.  If the ACK/NACK transmission is for semi-static PDSCH, the semi-static ACK resource for this slot may be freed for other UEs. 
If more payload of ACK bits are needed, the CQI resource may not be sufficient to transmit the combined UCI, a new resource dynamically allocated may be used which overrides any semi-static resource allocation. The CQI resource or the ACK resource if semi-persistent may then be freed for other UEs for this slot. The new resource may either be completely new RBs different from either CQI resource or ACK resource previously semi-statically allocated, or it may be either CQI or ACK resource extended e.g., with more RBs. Since ACK and CQI have different performance target, an independent coding may be desirable. This can be done with long-PUCCH + long-PUCCH in TDM manner, or long-PUCCH + short-PUCCH in TDM manner, or short-PUCCH + short-PUCCH in TDM manner. In some cases, ACK and CQI may also be FDMed in UL short burst within one OFDM symbol. We therefore have the following proposal:
Proposal 3: Resource allocation for combined UCI depends on combination of UCI. 
· For 1 or 2 bit ACK/NACK bits, use CQI resource with ACK piggy backed on CQI 
· For more payload ACK bits, consider dynamic resource allocation with following multiplexing options
· two NR-PUCCH multiplexing in TDM manner with long-PUCCH + long-PUCCH, long-PUCCH+short-PUCCH, or short-PUCCH + short-PUCCH
· two NR-PUCCH multiplexing in FDM manner in short burst with 1 OFDM symbol
· Consider including 1 bit SR with multi-bit Ack transmission when #Ackbits >X.
· FFS the value of X. FFS extension to including SR with other UCI types

Discussion on large UCI delivery
In NR, we also need to consider the delivery of large UCI payload. We expect larger UCI payload size than LTE due to a few factors. First of all, we may have multi-bits ACK and multi-bits SR. Sub-band CQI report may have more payload bits due to increased wideband bandwidth. CSI report may also need to include beam related information. When we have carrier aggregation, the UCI payload size will scale with number of carriers. In NR, it’s been agreed to support up to 16 CCs, and there may be less if wider component carriers are used. In NR, large UCI payload, e.g., more than 600 payload bits is very likely. On the other hand, current Polar code has up to N=1024 output bits, which means a single Polar code word may not be sufficient for large payload size, e.g., more than 600 bits. To deal with large UCI delivery, we may first limit the number of UCI payload by limiting the number of concurrent CCs within one CSI report at least in the first release. A reasonable number may be 5CCs for sub-6 and 10 CCs for mmWave. We therefore have the following proposal:
Proposal 4: Consider limiting the number of concurrent CCs within one CSI report to reduce the UCI payload, e.g., up to 5CCs for sub-6 and 10 CCs for mmWave respectively. 

LTE supports semi-persistent scheduling (SPS). In LTE, the PDCCH indicating release of SPS assignment is acknowledged by the UE. This allows the base station to confirm that the UE has released the assignment before assigning the SPS resources to other UEs. In NR, more generally, we can envision other such critical commands issued via PDCCH for which there is no corresponding PDSCH packet and thus no natural acknowledgment transmission. If such commands are identified, it is reasonable to consider acknowledgment for such PDCCH transmissions as well, similar to the LTE SPS-release Ack. Such Ack may follow similar rules and procedures as Acks for NR PDSCH, with regard to resource allocation. Since there is no PDSCH, the Ack timing is then related to the corresponding PDCCH timing, just as in LTE SPS-release. In LTE the SPS related PDCCH uses a different RNTI than PDSCH; note that this is not a requirement for considering whether a NR PDCCH needs acknowledgment. One example of a PDCCH that we may consider allowing acknowledgment is a PDCCH that does not schedule any packet but only indicates change of beam, since missing this PDCCH may result in beam mismatch between UE and base station. We thus have the following proposal:

Proposal 5: Transmit ACK for PDCCH indicating beam switching (similar to ACK for SPS release in LTE). FFS for other PDCCH indications.
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In this document, we consider the resource allocation for PUCCH, and make the following proposals:
Proposal 1: resource allocation for PUCCH depends on UCI:
· Support semi-static resource allocation for 
· Periodic CQI, 
· SR, 
· ACK/NACK for semi-persistent PDSCH
· BSR for high priority UEs
· Support dynamic resource allocation at least for 
· ACK/NACK for dynamic PDSCH 

Proposal 2: Support at least implicit resource mapping from starting CCE of PDCCH to ACK resource. 
· The implicit mapping function should be sub-band dependent. 
· 
The implicit mapping function can be enhanced in NR to include more input parameters such as . 
 
Proposal 3: Resource allocation for combined UCI depends on combination of UCI. 
· For 1 or 2 bit ACK/NACK bits, use CQI resource with ACK piggy backed on CQI 
· For more payload ACK bits, consider dynamic resource allocation with following multiplexing options
· two NR-PUCCH multiplexing in TDM manner with long-PUCCH + long-PUCCH, long-PUCCH+short-PUCCH, or short-PUCCH + short-PUCCH
· two NR-PUCCH multiplexing in FDM manner in short burst with 1 OFDM symbol
· Consider including 1 bit SR with multi-bit Ack transmission when #Ackbits >X.
· FFS the value of X. FFS extension to including SR with other UCI types

Proposal 4: Consider limiting the number of concurrent CCs within one CSI report to reduce the UCI payload, e.g., up to 5CCs for sub-6 and 10 CCs for mmWave respectively. 
Proposal 5: Transmit ACK for PDCCH indicating beam switching (similar to ACK for SPS release in LTE). FFS for other PDCCH indications.
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