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1. Introduction

In RAN1 NR Ad-Hoc#2 meeting, NR-PUCCH related issues in terms of RS/UCI multiplexing structure and PUCCH symbol/resource allocation were discussed, and the following agreements were made [1].
	Agreements:
· For PUCCH in short-duration,

· At least following is supported for PUCCH in 1-symbol duration:

· UCI and RS are multiplexed in the given OFDM symbol in FDM manner if RS is multiplexed.

· Same SCS between DL/UL data and PUCCH in short-duration in the same slot.

· At least a PUCCH in short-duration spanning 2-symbol duration of a slot is supported.

· FFS actual structure and waveform.

· Same SCS between DL/UL data and PUCCH in short-duration in the same slot.

· 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

· PUCCH in short-duration can span until the end of a slot from UE perspective
· No explicit gap symbol is necessary after the PUCCH in short-duration.

· For a slot having short UL-part (i.e., DL-centric slot):

· ‘Short UCI’ and data can be FDMed by one UE if a data is scheduled on the short UL-part.

· For a slot having long UL-part (i.e., UL-centric slot or UL-only slot), following are FFS:

· Whether/how a UL data in the long UL-part can be extended until the end of the slots.

· Whether/how a UL data can be scheduled on the short-duration.
Agreements:
· For PUCCH in long-duration,

· Long UL-part of a slot can be used for transmission of PUCCH in long-duration.

· i.e., PUCCH in long-duration is supported for both UL-only slot and a slot with the number of uplink symbols greater than X (X >= 2).

· FFS exact value of X
· In addition to simultaneous PUCCH-PUSCH transmission, UCI on PUSCH is supported.

· Intra-slot frequency-hopping is supported

Agreements:
· 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


In this contribution, we address and discuss the consideration points on the PUCCH resource allocation for NR UE, in terms of efficiency and flexibility in UL resource utilization. 
2. Discussion

2.1. UL control resource set
For the NR-PDCCH transmission, it was agreed to introduce DL control resource set containing a set of PDCCH resources for multiple NR UEs which is configurable by gNB, with consideration of flexible resource management (e.g. for forward compatibility) and different BW capability per NR UE (e.g. for initial access). With similar motivation, i.e., in order for UL resource utilization flexibility and efficiency by NR-PUCCH multiplexing between multiple UEs with different BW capabilities, it can be considered to introduce UL control resource set containing a set of PUCCH resources for multiple NR UEs (also configurable by gNB). With the UL control resource set, it could be useful (from NR NW perspective) for multiplexing of multiple long NR-PUCCHs with frequency hopping and for multiplexing of multiple short NR-PUCCHs with distributed resource mapping. From NR UE perspective, the UL control resource set could be used for NR-PUSCH rate-matching to protect the NR-PUCCH transmission from other UEs and/or for allocation/ determination of NR-PUCCH resource by indexing within the UL control resource set.
Proposal #1: For UL resource utilization flexibility and efficiency by PUCCH multiplexing between multiple UEs with different BW capabilities in NR system, it is necessary to introduce UL control resource set containing a set of PUCCH resources for multiple NR UEs. 

Regarding the UE operation with this UL control resource set (especially, for short NR-PUCCH), the following alternatives can be considered according to UL control resource set (denoted as “UC resource set” hereafter) configuration to the UE and PUCCH resource available for the NR UE. 
· Alt 1: UC resource set for both PUCCH resource allocation and PUSCH rate-matching
With this Alt 1, (similarly with cell-specific SRS BW in LTE) PUCCH resource for a UE is allocated only within the UC resource set configured for the UE, and the PUCCH resource is indexed only within the UC resource set. In this case, PUSCH is to be always rate-matched (by RB level) around the UC resource set (as for cell-specific SRS BW in LTE). Thus, UE performs PUSCH rate-matching around UC resource set, and PUCCH transmission of the UE is confined in the UL resource set.
· Alt 2: UC resource set for PUSCH rate-matching (PUCCH resource within or out of the set)
With this Alt 2, PUCCH resource for a UE can be allocated either within or out of the UL resource set configured for the UE, and the PUCCH resource is indexed over whole system BW (or UE BW). In this case, PUSCH is to be rate-matched (by RB level) around both the UC resource set and the PUCCH resource actually transmitted by the UE. Thus, UE performs PUSCH rate-matching around UC resource set, but PUCCH transmission of the UE is not confined in the UC resource set.
· Alt 3: UL resource set for PUCCH allocation (PUSCH rate-matching for the last symbol(s))
With this Alt 3, PUCCH resource for a UE is allocated only within the UC resource set configured for the UE, and the PUCCH resource is indexed only within the UC resource set. In this case, PUSCH is to be rate-matched (by symbol level) around the whole last symbol(s) in case of collision with the PUCCH resource from other UEs. Thus, UE performs PUSCH rate-matching around the whole last symbol(s), but PUCCH transmission of the UE is confined in the UC resource set.
In case of the above Alt 1 and Alt 2 (where the UC resource set can be either semi-statically configured or dynamically indicated/determined to the UE), PUCCH resource and PUSCH resource could be efficiently multiplexed in a slot, while some UL resources (e.g. within the UC resource set) might be wasted in case when no UE or only a few UEs are configured with UCI PUCCH transmission. Here, the size of UC resource set by Alt 2 can be reduced compared to Alt 1 by scheduling PUCCH and PUSCH of a same UE in same frequency resource. In case of Alt 3, PUCCH resource and PUSCH resource might be completely TDMed in a slot, and thus it may or may not be efficient depending on combination of the scheduled PUCCH/PUSCH resources. Therefore, it is needed to discuss on the above alternatives for UC resource set, with consideration of efficient UL channel multiplexing and flexible UL resource utilization. 
Proposal #2: It is needed to discuss on the NR UE operation in case with UL control resource set, with consideration of efficient UL channel multiplexing and flexible UL resource utilization.
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Figure 1: Examples of UE operation with UL control resource set

If the UC resource set is introduced and configured to the UE, following three options can be considered for determination of the UC resource set within which UE selects the NR-PUCCH resource used for UCI (e.g. HARQ-ACK) transmission.

● Option 1: implicit determination by DL control resource set (or DL data resource region)
● Option 2: semi-static configuration (e.g. by RRC signalling)
● Option 3: dynamic indication (e.g. by DCI signalling)

For Option 1, there is to be pre-linkage between DL control resource set (or DL data resource region) and UC resource set. For Option 3, multiple candidate UC resource sets can be pre-configured by higher layer signalling (e.g. RRC), and then one of the sets can be indicated by dynamic signalling (e.g. DL scheduling DCI). Thus, it is needed to discuss on the above options for determination of the UC resource set, with consideration of UL resource flexibility and DCI overhead.
Proposal #3: It is needed to discuss on the determination of UL control resource set by NR UE, with consideration of UL resource flexibility and DCI overhead.
2.2. PUCCH resource allocation
In RAN1 #88 meeting, it was agreed to support PUCCH resource allocation by combination of RRC signalling and DCI (e.g., a set of PUCCH resources is configured by higher layer signalling and a PUCCH resource within the configured set is indicated by DCI) similar to ARI (ACK/NACK resource indicator) in current LTE. Unlike the LTE ARI where the ARI indicates frequency and/or code domain resource, more parameters can be related to the PUCCH resource allocation/indication in NR. To be specific, in addition to the frequency/code resource, slot position, starting symbol, and the number of PUCCH symbols (denote “PUCCH duration” hereafter) can be indicated for allocating NR-PUCCH resource. Then, for NR-PUCCH resources, it can be further considered which parameters are dynamically/jointly indicated and which ones are semi-statically configured. Table 1 shows possible options for NR-PUCCH resource allocation/indication where parameters in the same DCI field are jointly indicated (or coded) and the parameter in (·) can be either jointly indicated with other parameter or separately indicated in other DCI field.
Table 1: NR-PUCCH resource indication
	
	DCI field A
	DCI field B
	DCI field C (e.g., ARI)
	RRC signalling

	Opt 1
	slot position
	starting symbol
PUCCH duration
	frequency/code resource
	

	Opt 2
	slot position
(starting symbol)
	(starting symbol)
	frequency/code resource
	(maximum) PUCCH duration 

	Opt 3
	slot position
(starting symbol)
	(starting symbol)
	frequency/code resource

PUCCH duration
	

	Opt 4
	slot position
	
	frequency/code resource

starting symbol
PUCCH duration
	


Option #1 is fully flexible because all the parameters can be dynamically/separately indicated via DCI. In Option #2 and #3, DCI overhead can be smaller than Option #1 because (maximum) PUCCH duration is semi-statically configured by RRC (Option #2) or DCI field C (e.g., ARI) includes both of frequency/code resource and PUCCH duration (Option #3). Option # 4 can have the smallest DCI overhead among the four options because DCI field C (e.g., ARI) includes all parameters except slot position. Note that, for Option #2 and #3, DCI overhead can be further reduced by joint indication (coding) of slot position and starting symbol. Therefore, it is necessary to discuss on the detailed NR-PUCCH resource allocation, i.e., which parameters are dynamically/jointly indicated via DCI and which ones are semi-statistically configured by RRC, with consideration of scheduling flexibility and DCI overhead. 
Proposal #4: It is necessary to discuss on the detailed NR-PUCCH resource allocation, i.e., which parameters are dynamically/jointly indicated via DCI and which ones are semi-statistically configured by RRC, with consideration of scheduling flexibility and DCI overhead.
On the other hand, considering potential increase of DCI overhead, it may need to be considered to support a combined indication of PUCCH resource and HARQ timing (e.g. paring of PUCCH resource and HARQ timing, or different PUCCH resources per HARQ timing), or implicit linkage (e.g. between PDCCH resource (per DL control resource set) and PUCCH resource, or between DL data resource and PUCCH resource) based PUCCH resource allocation as in LTE. In case of implicit HARQ-ACK resource allocation for NR system, stacking of PUCCH resources in a slot for HARQ-ACK feedback corresponding to multiple DL data may be also necessary with consideration of flexible HARQ timing indication and aggregated HARQ-ACK feedback type discussed in [2]. Additionally, PUCCH resource determination based on the combination of PDCCH (or DL data) resource and (indicated) HARQ timing can also be considered for DCI overhead reduction.

Regarding the order of implicit NR-PUCCH resource stacking within one slot, LTE design principle can be applied with consideration of the PUSCH scheduling/resource flexibility. In case of long NR-PUCCH, similarly with the LTE, PUCCH resource can be stacked (i.e., PUCCH resource can be indexed) in the band edge first. In case of short NR-PUCCH, PUCCH resource can be stacked (i.e., PUCCH resource can be indexed) in the last symbol first.

Furthermore, dynamic indication (switching) between explicit PUCCH resource (e.g. configured by RRC) and implicit PUCCH resource (e.g. linked with PDCCH (or DL data) resource) can be considered. Moreover, combination of explicit indication and implicit allocation (for example, one of multiple UC (PUCCH) resource sets is indicated by DCI, then one PUCCH resource within the indicated resource set is determined according to PDCCH (or DL data) resource, can also be considered for flexible UL resource utilization. 

Proposal #5: Combined indication of HARQ-ACK resource and timing or HARQ-ACK resource allocation based on implicit linkage can be supported with consideration of DCI overhead reduction and/or UL resource flexibility. 

2.3. Initial PUCCH resource determination
In RAN1 #88 meeting [2], it was agreed that NR supports PUCCH resource determination rule when the dedicated PUCCH resource is unknown to the UE. One of the motivations for the initial PUCCH resource determination is to provide PUCCH resource used for HARQ-ACK feedback transmission corresponding to DL data reception (e.g. Msg4) before RRC connection. In this regard, initial PUCCH resource determination can be done during initial access procedure. One possible solution is to provide UE-specific or UE group-specific PUCCH resource set via SIB and/or RAR. After that, actual PUCCH resource used for HARQ-ACK transmission within the configured PUCCH resource set can be explicitly indicated from gNB (e.g., by indicating in DCI) or implicitly determined (based on DL control/data resource). 
Proposal #6: For initial PUCCH resource determination, the following options can be considered:
· Option 1: PUCCH resource set is configured by SIB and/or RAR and a PUCCH resource within the configured set is explicitly indicated.

· Option 2: PUCCH resource set is configured by SIB and/or RAR and a PUCCH resource within the configured set is implicitly determined.
3. Conclusion
In this contribution, we addressed and discussed the consideration points on PUCCH resource allocation for NR UE, and the followings are proposed: 
Proposal #1: For UL resource utilization flexibility and efficiency by PUCCH multiplexing between multiple UEs with different BW capabilities in NR system, it is necessary to introduce UL control resource set containing a set of PUCCH resources for multiple NR UEs. 

Proposal #2: It is needed to discuss on the NR UE operation in case with UL control resource set, with consideration of efficient UL channel multiplexing and flexible UL resource utilization.
Proposal #3: It is needed to discuss on the determination of UL control resource set by NR UE, with consideration of UL resource flexibility and DCI overhead.
Proposal #4: It is necessary to discuss on the detailed NR-PUCCH resource allocation, i.e., which parameters are dynamically/jointly indicated via DCI and which ones are semi-statistically configured by RRC, with consideration of scheduling flexibility and DCI overhead.
Proposal #5: Combined indication of HARQ-ACK resource and timing or HARQ-ACK resource allocation based on implicit linkage can be supported with consideration of DCI overhead reduction and/or UL resource flexibility. 

Proposal #6: For initial PUCCH resource determination, the following options can be considered:
· Option 1: PUCCH resource set is configured by SIB and/or RAR and a PUCCH resource within the configured set is explicitly indicated.

· Option 2: PUCCH resource set is configured by SIB and/or RAR and a PUCCH resource within the configured set is implicitly determined.
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