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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 

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 2: 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


In LTE where all PUCCH channels will have the same duration, so long PUCCH resource index only includes RB index, base sequence index,  cyclic shift index, and time domain OCC index. Time resource is not included in the resource index definition. in NR, we may have different long PUCCH channel from the same or different UEs multiplexed in TDM fashion in the same RBs. Such a TDM of long PUCCH channels may be useful to transmit different UCIs of the same UE, e.g., ACK +CQI, or to TDM some UEs with better coverage hence less number of symbols. In order to support long PUCCH with different duration in the same slot, we need to include time resource information, e.g., starting symbol and ending symbol in the PUCCH resource index. A unique PUCCH resource will be determined by start/end symbol index, RB index, sequence index, cyclic shift index, and time domain OCC index. We therefore make the following propose:

Proposal 3: Include time resource, e.g., start symbol and end symbol index, in the long PUCCH resource definition. 



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. 
For 1 or 2 bits of ACK channels transmitted in short duration, we may also use implicit mapping. ACK channel in long duration will use the same number of resources for 1 and 2 bits so the implicit mapping function is not a function of payload size. However, ACK in short duration will use different number of resources for 1 and 2 bits, specifically, 2 shifts for 1 bit and 4 shifts for 2 bits. So the implicit mapping functions will depend on the actual payload size. We therefore have the following proposal:
Proposal 4: Support at least implicit resource mapping from starting CCE of PDCCH to ACK resource for 1 or 2 bits in both long duration and short duration. 
· The implicit mapping functions for short duration should depend on ACK payload size
· 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 .

Discussion on cell-specific long and short duration
So far, there hasn’t been a clear distinguish between cell-specific and UE specific long duration and short duration or UL short burst (ULSB). But they are actually quite different. A dynamic configuration of ULSB requires indication in PDCCH and a UE needs to decode PDCCH constantly in order to know where to transmit PUCCH in ULSB. This is undesirable when semi-static configuration or implicit mapping of PUCCH resource is used. Therefore a semi-static configuration of ULSB duration is preferred. Furthermore, The cell-specific short duration needs to be semi-statically configured so that the neighbouring cells may be configured with the same cell-specific short duration in the same slots in order to avoid mixed interference. The cell specific long duration may be derived as (slot duration – semi-static cell-specific short duration – semi-static PDCCH duration – GAP)
The UE specific short duration may be a subset of the cell specific short duration. For example, the cell-specific short duration may be 2 symbols and UE specific short duration may be 1 symbols. But UE specific short duration should not go beyond cell-specific short duration in order to avoid mixed interference. 
The UE specific long duration may also be a subset of the cell specific long duration. For example, the cell-specific long duration may be 11 symbols and UE specific long duration may be 4 symbols. eNB may control the UE-specific long duration with assigning start/end symbol index.  
Now we will discuss on the extension of UE-specific long duration to go beyond cell-specific long duration. The UL long duration is affected by both PDCCH region and ULCB region. A default value of the PDCCH duration may be semi-statically configured by gNB but the actual value of the PDCCH duration could be dynamically changed with any value less than the default. The actual PDCCH duration is indicated with PCIFICH. However, a UE is not mandatory to decode PCIFICH. Therefore, the starting position of UL long duration may be interpreted differently for UEs with or without decoding of PCIFICH. This could complicate resource management for gNB. Since there may be time domain spreading, if UEs with different starting position are multiplied in the same RB, orthogonality may be broken due to different spreading factors might be used at UE side. So a gNB may need to separate UEs that decodes PCIFICH from UEs that does not decode PCIFICH and put them in different RBs. To separate users and to decode PUCCH from UEs with different long duration, gNB needs UEs to feed back its PCIFICH decoding behaviour. This adds overhead. Also a PCIFICH decoding failure will also leads to PUCCH decoding failure due to wrong starting position are assumed at UE and gNB side. Alternatively, the starting position of PUCCH could be semi-statically configured, i.e., for any UE regardless whether it will decode PCIFICH, PUCCH always starts from the default position. That is PUCCH transmission will not extend to default PDCCH+GAP  region even though the actual PDCCH symbols is less. Confining UE-specific long duration to not extend to PDCCH+GAP region will greatly simplify things for both gNB and UE although the price paid is the PUCCH RBs in unused PDCCH region could be wasted. 
UE specific long PUCCH duration is also affected by ULSB. It has been agreed that ULSB may have 1 or 2 normal symbol duration. It has been agreed that both TDM and FDM between short duration PUCCH and long duration PUCCH are supported at least for different UEs in one slot. FDM between short PUCCH and long PUCCH means long PUCCH might be extended to ULSB region. This is fine when the extension is semi-static, i.e., long PUCCH extends to ULSB region only when the entire ULSB region occupies a sub-set of the wideband bandwidth. However, when dynamic long PUCCH extension is extended, UEs needs to monitor PDCCH in order to know whether extension is allowed or not. This again is undesirable when implicit mapping or semi-static configuration of PUCCH resource is used. 
Furthermore, if dynamic configuration of PUCCH duration is allowed, it will also increase the power consumption. UE may not have enough time line to process PDCCH, decode DCI containing PUCCH duration and apply to PUCCH transmission in the same slot. Therefore, UE may have to wake up earlier only to decode PDCCH and figure out the configured PUCCH duration, which will cause more power consumption.
We therefore propose that the UE specific long duration will not go beyond cell specific long duration as illustrated in Fig. 1. 
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Figure 1 semi-static configuration of PUCCH in long duration

Proposal 5: A cell specific short duration should be semi-statically configured. A cell specific long duration may be derived based on slot duration, semi-static PDCCH region, cell-specific short duration, and GAP
· The UE specific short PUCCH duration may be a subset of the cell specific short duration but should not go beyond it.
· The UE specific long PUCCH duration may be a subset of the cell specific long duration but should not go beyond it.

Furthermore, there might be multiple DL/UL sub-bands. Each sub-band may have different PDCCH region. So even with semi-static configured starting position of long PUCCH, different UL sub-bands may have different starting position. When a UE needs to transmit PUCCH in different UL sub-bands simultaneously similar to dual PUCCH in LTE, the PUCCH in different UL sub-bands may start at different symbols. This will create problem for power control and maintaining phase continuity when the latter PUCCH starts. To avoid this problem, we should consider the same starting symbols for PUCCH in long duration for different UL sub-bands. We therefore have the following proposal:
Proposal 6: Support the same starting symbols for UE specific long PUCCH in different UL sub-bands.

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 7: 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 8: 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: 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 3: Include time resource, e.g., start symbol and end symbol index, in the long PUCCH resource definition. 

Proposal 4: Support at least implicit resource mapping from starting CCE of PDCCH to ACK resource for 1 or 2 bits in both long duration and short duration. 
· The implicit mapping functions for short duration should depend on ACK payload size
· 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 .
[bookmark: _GoBack]
Proposal 5: A cell specific short duration should be semi-statically configured. A cell specific long duration may be derived based on slot duration, semi-static PDCCH region, cell-specific short duration, and GAP
· The UE specific short PUCCH duration may be a subset of the cell specific short duration but should not go beyond it.
· The UE specific long PUCCH duration may be a subset of the cell specific long duration but should not go beyond it.

Proposal 6: Support the same starting symbols for UE specific long PUCCH in different UL sub-bands.
Proposal 7: 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 8: Transmit ACK for PDCCH indicating beam switching (similar to ACK for SPS release in LTE). FFS for other PDCCH indications.
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