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1 Introduction
It is noted that each UE is configured to own UL bandwidth according to its capability. In the case of short PUCCH, we propose multiplexing short PUCCH with SRS in the same subband by FDM [1,2]. However, in the case of long PUCCH, the DFT-s-OFDM waveform does not allow FDMing SRS. In this contribution, we discuss the frequency allocation of long PUCCH and its relation to SRS subband allocation. This is the revision of previous contribution R1-1713817.
2 Discussion
2.1 [bookmark: OLE_LINK11][bookmark: OLE_LINK12]Subband allocation of long PUCCH
	Agreements: (RAN1 adhoc 2) 
· For a long PUCCH in a slot,
· At most one hop for the long PUCCH is supported.
· FFS: details

Agreements: (RAN1-90)
· Common PRB indexing is used at least for DL BWP configuration in RRC connected state
· …
· [bookmark: _GoBack]FFS: common PRB indexing for UL



[bookmark: OLE_LINK50]It is noted that each UE is configured to own UL bandwidth according to its capability. The Figure 1 illustrates an example of three UEs that are configured to different bandwidth. In the case of short PUCCH, we propose FDMing short PUCCH with SRS in the same subband [1, 2]. However, in the case of long PUCCH, FDMing in the same subband violates the DFT-s-OFDM assumption. Instead, we have to consider FDMing PUCCH subband and SRS subband at least for long PUCCH. In this approach, PUCCH subband allows PUCCH only but not SRS, and vice versa.
There are two alternatives to align different PUCCH subbands depending on the UL PRB indexing. The edge of each UL bandwidth can be aligned (Figure 1 (a)), or the center of each UL bandwidth can be aligned (Figure 1 (b)). While the PUCCH can enable or disable the frequency hopping, in the cell perspective, the serving gNB can configure at least two PUCCH subbands to support the frequency hopping. For either alternative, at least one PUCCH subband should be allocated in the middle of UL spectrum because of narrowband UEs. In order to maximize UL resource utilization, narrowband UEs and wideband UEs can multiplex PUCCHs at the serving gNB. The hopping bandwidth is limited by the narrowband UE, but as long as the channel realization is statistically independent, the frequency diversity is fully achieved. 
[bookmark: _Ref490062024]Observation 1: One or two PUCCH subbands can be allocated in the center of UL spectrum.


 	
[bookmark: OLE_LINK51](a) Alt 1: Alignment at edge				(b) Alt 2: Alignment at center
[bookmark: _Ref485060362]Figure 1 Example of UE-specific UL spectrum
Furthermore, some contributions propose that the PUCCH frequency resource can be changed if PUSCH is dynamically scheduled. The performance gain come from the frequency selection of PUCCH. In order to support the frequency selection for PUCCH, the serving gNB should configure UEs many PUCCH subbands in one symbol. Figure 2 illustrates the four PUCCH subbands. The DL-DCI for PDSCH chooses one of PUCCH subband, and within the subband, one PUCCH resource is selected. Even though PUCCH subbands are configured, the serving gNB knows which PUCCH subband is actually used or not. This information is used to schedule PUSCH. The unused frequency resources can be used for dynamically scheduled PUSCH.
[bookmark: _Ref490127776][bookmark: OLE_LINK13]Proposal 1: Two or more subbands for long PUCCH are configured for a single UE perspective.



[bookmark: _Ref490064341]Figure 2 PUCCH subband example for a UE

2.2 Subband allocation SRS 
Observation 1 means that the PUSCH and the SRS may not be continuously allocated. This restricts the DFT-s-OFDM based PUSCH to support high UL throughput because the wideband PRB allocation is prohibited in the same symbol. Also, the wideband SRS (mainly from the cell center UE) is prohibited. To proceed the discussion, we review the relevant agreements.
	Agreements: (RAN1-89)
· Support switching between partial bands for SRS transmissions in a CC
· At least when an UE is not capable of simultaneous transmission in partial bands in a CC 
· Consider RF retuning requirement for partial band switching
· Note: definition of partial band is equivalent to “bandwidth part” definition in wider bandwidth operation agenda item

Agreements: (RAN1-89)
· NR supports configuration of an X-port SRS resource spanning N adjacent OFDM symbols within the same slot where
· N = 1, 2, 4 at least

Agreements: (RAN1 adhoc 2)
· For NR SRS, support sounding bandwidth in multiple of 4 PRBs
· FFS the detailed set of SRS sounding bandwidths to be supported
· At least 4 PRBs as SRS sounding bandwidth is supported



According to the above agreements, SRS can be configured to have consecutive 1, 2, 4 symbols with frequency hopping. Thus, in the same slot, long PUCCH subband and SRS subband can FDM as illustrated in Figure 3. We assume that the Alt 1 alignment, but Alt 2 alignment can apply to the similar configuration. 



[bookmark: _Ref490042221]Figure 3 Subband multiplexing for PUCCH and SRS

[bookmark: OLE_LINK14]If SRS occasion is considered to UL beam management, four or more symbols will be used as long PUCCH has four or more symbols. The subband allocation in Figure 3 can be configured for each OFDM symbol. Although the SRS hopping is not specified yet, but the SRS and the long PUCCH may not multiplex in the same subband to keep the single carrier property. For each SRS symbol within a SRS occasion, SRS can hop in the frequency, but within the SRS subband. Since there are many PUCCH symbols, SRS subbands should not intervene the PUCCH subband. This classifies into two cases, as Figure 4. The first case is to keep the same subband allocations, while the second case is to switch the subband allocations.  


 
(a) Case 1: Keep the same allocation	               (b) Case 2: Switch the allocation
[bookmark: _Ref490065137]Figure 4 Subband hopping example for PUCCH

The advantage of Case 1 is to transmit PUCCH without frequency hopping. The PUCCH with frequency hopping keep the same PRB indices before/after the hopping. If localized PUCCH transmission can keep the same PRB indices. In the perspective of UL beam management, the SRS occasion can keep the same PRB indices, which simplifies the potential PUSCH rate matching. One of disadvantage of Case 1 is the latency to sweep the whole UL spectrum because the SRS is not transmitted at PUCCH subbands. 
In order to resolve this disadvantage, the Case 2 is introduced. When symbols before/after the hopping timing of PUCCH, the PUCCH subbands and the SRS subbands can be switched or interleaved. The advantage of Case 2 is to reduce the latency to estimate UL CSI. However, the disadvantage of Case 2 does not support the localized PUCCH transmission.
For long PUCCH transmission, the PUCCH subband allocation should be kept (Case 1) before the frequency hopping boundary. But after the frequency hopping boundary, the PUCCH subband allocation can be switched (Case 2). If long PUCCH is configured not to hop in the slot, only Case 1 is supported. The serving gNB can configure to UEs whether Case 2 occurs in the slot.
[bookmark: _Ref490127780]Proposal 2: The PUCCH subband and SRS subband allocations can be changed or not in a slot depending on the RRC configuration.
2.3 PUCCH subband selection by DCI
Regarding PUCCH carrying HARQ-ACK bits, there are agreements that both higher layer signalling and DCI can determine the PUCCH resource. The time resource for PUCCH can be expressed as slot or mini-slot or even symbols. The frequency resource for PUCCH can be expressed as subband or PRBs. Some or all of those resources are explicitly indicated by DCI. To reduce the overhead, an index can indicate both time and frequency resource for PUCCH, which are configured by higher layer signalling.
	Agreements: (RAN1 adhoc 1)
· …
· 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
· …

Agreements: (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.
· ...
· This does not preclude implicit resource mapping

Agreements: (88bis) 
· For 1-symbol short PUCCH with > 2 UCI bits, the following is supported for the agreed Option 1:
· …
· X1 to X2 PRBs can be configured to support various UCI payload sizes
· Both localized (contiguous) and distributed (non-contiguous) allocations are supported 
· FFS: detailed PRB allocations and signaling of the configuration
· …

Agreements: (90)
· For 1-symbol short-PUCCH for UCI of more than 2 bits,
· The number of PRBs that can be used for a PUCCH is configurable.
· Support contiguous and non-contiguous PRB allocation.
· If prioritization is necessary, contiguous PRB allocation is prioritized.
· …



According to previous agreements and the email discussion, the DL-DCI plays many roles in PUCCH transmissions. The DL-DCI includes the HARQ-ACK timing index among configured values, and also includes the PUCCH resource among a configured resource. The summarized email discussion [3] also supports that a DL-related DCI would have PUCCH resource indicator, which indicates the PUCCH time and frequency resource to use for hybrid ARQ ACK.
[bookmark: OLE_LINK30]In general, the serving gNB may schedule the best available frequency resources to the UE. The serving gNB tracks the UL CSI by using SRS. At least, UL CSI for scheduling and/or UL covariance for demodulation are estimated. The serving gNB may also know which frequency resources are good for PUCCH as well as PUSCH. If possible, it is desirable to use those frequency resource when a UE transmits PUCCH as well. There are three distinct cases as Figure 5 illustrates.
[bookmark: OLE_LINK31][bookmark: OLE_LINK32][bookmark: OLE_LINK33]Suppose that a UE receives DL-related DCI and UL-related DCI, and transmits both UCI and UL data (Figure 5 (a)). Then, the serving gNB has many different detection hypothesis, i.e., both DCIs are missed, either one of DCI is missed, both DCIs are decoded. For both DTx case, the UE transmits nothing. For either one of DCI is missed, the UE transmits either PUCCH or PUSCH using the indicated resource. If DL-related DCI and UL-related DCI imply different resource, then the serving gNB should detect which case is applied. For both DCIs are decoded, the UE transmits both UCI and UL data using the indicated resource. In this case, the last received DCI indicates the resource. 



[bookmark: OLE_LINK34][bookmark: OLE_LINK35](a) when DL-DCI and UL-DCI are available


  
(b) when DL-DCI is available 			(c) when UL-DCI is available
[bookmark: _Ref481711714]Figure 5 Multiplexing UCI with UL data where DCIs are received

Suppose that a UE transmits periodic UL data and receives DL-related DCI, and transmits both UCI and UL data (Figure 5 (b)). If a UE misses the DL-related DCI, then the UE transmits PUSCH only. If a UE decodes the DL-related DCI, then the UE transmits PUCCH using the indicated resource. Suppose that a UE receives periodic DL data and UL-related DCI, and transmits both UCI and UL data (Figure 5 (c)). If a UE misses the UL-related DCI, then the UE transmits PUCCH using the configured resource. If a UE decodes the UL-related DCI, then the UE transmits PUCCH using the indicated resource.
[bookmark: OLE_LINK47][bookmark: _Ref481759058][bookmark: _Ref490127784]Proposal 3: When UCI type is a HARQ-ACK or aperiodic CSI report, the last received DCI indicates a PUCCH resource.
However, there exists a case where a UE should transmits PUCCH even without DCIs. Those cases include the periodic CSI report, HARQ-ACK from semi-persistent PDSCH, and Scheduling request. At least those cases, any DCI is not available. Therefore, a UE should utilize the configured PUCCH resource. In those cases, the reliability of PUCCH is obtained from the frequency diversity because the frequency selective scheduling gain is not exploited. The configured PUCCH resource can hop in the frequency or can occupy multiple clusters in given time resources.
[bookmark: _Ref481759062]Proposal 4: When UCI is periodic CSI report, or SR, the configured PUCCH resource is used.
Due to DCI, the serving gNB is able to choose a frequency resource for PUCCH. Therefore, a field of 1 or 2 bits in DL-DCI can indicate or even UL-DCI can implicitly indicate which resource will be used. In the case of DL-DCI, the selection gain from frequency selective scheduling will increase the reliability of a PUCCH. In the case of UL-DCI, the allocated PUCCH resources can be switched to the frequency resources near the scheduled PUSCH if simultaneous PUCCH and PUSCH transmission is configured. Otherwise, UCIs are carried by using the scheduled PUSCH resource. In both UL-DCI related cases, the frequency selectivity is exploited, as in the DL-DCI case.
[bookmark: OLE_LINK45][bookmark: OLE_LINK46][bookmark: _Ref490127794][bookmark: _Ref481759054]Proposal 5: Both DL-DCI and UL-DCI can increase the PUCCH detection performance by using frequency selectivity.
Furthermore, due to the selection gain, the PUCCH need not be distributed along the frequency domain. Single cluster transmission would achieve the sufficiently low BLER and would increase the resource utilization.
[bookmark: _Ref490127797]Proposal 6: Localized PUCCH transmission is supported if DCI indicates PUCCH frequency resource.
3 [bookmark: OLE_LINK1]Conclusion
In this contribution, we made following proposals regarding PUCCH resource allocation.
Proposal 1: Two or more subbands for long PUCCH are configured for a single UE perspective.
Proposal 2: Both Case 1 and Case 2 in Figure 4 are supported
Proposal 3: When UCI type is a HARQ-ACK or aperiodic CSI report, the last received DCI indicates a PUCCH resource.
Proposal 4: When UCI is periodic CSI report, or SR, the configured PUCCH resource is used.
Proposal 5: The DL-DCI and UL-DCI can increase the PUCCH detection performance by using frequency selectivity.
Proposal 6: Single cluster PUCCH transmission is introduced if DCI indicates PUCCH frequency resource.
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