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1 Introduction
In this contribution, we address our view about short PUCCH carrying 3 bit or more. The remaining issues can include the RS structure and how to multiplex other signals and channels. 
2 [bookmark: OLE_LINK55][bookmark: OLE_LINK56][bookmark: OLE_LINK15][bookmark: _Ref471737701][bookmark: OLE_LINK14][bookmark: OLE_LINK11][bookmark: OLE_LINK12]Discussion
[bookmark: _GoBack][bookmark: OLE_LINK36][bookmark: OLE_LINK40][bookmark: OLE_LINK60][bookmark: OLE_LINK61]As we discussed in our companion contribution (R1-1710618), two symbol PUCCH with frequency hopping should consider the multiplexing of SRS in the same subband. It is clear that the PUCCH has higher priority to the SRS but dropping SRS from a UE to avoid PUCCH from other UE is not beneficial because the role of SRS has become more significant. The use cases in NR may include periodic SRS for UL beam management, periodic SRS to inform beam correspondence. In addition, the frequency selective scheduling for PUSCH has been based on the SRS. Therefore, in the DL-centric slot, UL-centric slot, and UL slot, multiplexing SRS with short PUCCH for any payload should be considered.
[bookmark: _Ref485166322][bookmark: OLE_LINK41][bookmark: OLE_LINK42]Proposal 1: Multiplexing SRS with short PUCCH for any payload should be considered.
2.1 DM-RS structure for short PUCCH symbol
In this section, we assume that SRS symbol is transmitted using consecutive PRBs (subband) and should visit all (UE-specific) subbands within the UL bandwidth. This is because the UL channel response should be available for the UL link adaptation. Depending on SRS configurations, the collection of SRS subbands from all connected UEs of a serving gNB can span a majority of system bandwidth. Since the PUCCH subband for a given UE should guarantee the detection requirement, in such case it would be desirable to orthogonally multiplex the SRS subbands in order to avoid interferences. Additionally, we can consider further interference mitigation between SRS subbands and PUCCH subbands.
[bookmark: OLE_LINK16][bookmark: OLE_LINK43][bookmark: OLE_LINK44]One of solutions to allow full overlap of each subband. In the case of full overlap, the interference mitigation technique should also be considered. If the SRS symbol is specified similar to the LTE at least for below 6 GHz, then we can assume that the SRS sequence is derived from a CAZAC sequence with UE-specific cyclic shifts and the RE mapping follows the configured RPF. Similar power control design to LTE can be considered in NR. However, the full overlap implies the high intra-cell interference due to the SRS subcarrier mapping. To this end, it is necessary to design the (short) PUCCH and SRS together to avoid collisions in the subcarrier level within the same subband. At least DM-RS for short PUCCH can be jointly designed with SRS to mitigate the interference. As a first step, the minimum SRS bandwidth can be the minimum DM-RS for short PUCCH (i.e., X1 PRBs) to utilize the property of the CAZAC sequence. This implies that regarding the DM-RS pattern, the DM-RS tone are allocated in equi-distance among the configured PRBs. Moreover, the value of X1 and X2 (i.e., maximum PUCCH bandwidth) should depend on the outcome of SRS discussions.
[bookmark: _Ref485166326]Proposal 2: At least DM-RS for short PUCCH can be jointly designed with SRS to mitigate the interference.


(a) 1RS : 3UCI			(b) 1RS : 2UCI
[bookmark: _Ref478112709][bookmark: OLE_LINK37][bookmark: OLE_LINK38][bookmark: OLE_LINK39]Figure 1 Example of SRS symbol and PUCCH symbol with different RS density
It is proposed to allow the similar design principle for SRS for at least DM-RS for short PUCCH. Using this approach, the PUCCH DM-RS and SRS symbol will show the similar interference mitigation performance and possibly the PUCCH subband and SRS subband can be multiplexed in the same subband. Even with PUCCH in the same subband, the different zero power subcarriers can orthogonalize the interferences.
Figure 1 illustrates examples of different DM-RS densities. The hypothetical SRS is assumed to have RPF=4. Figure 1 (a) has two resources. Resource 1 is allocated as DM-RS, and resource 2 as UCI. For a given PUCCH PRB, the SRS of other UEs can be configured to the resource 1 provided that DM-RS and SRS are orthogonal. Otherwise, the PUCCH UCI will collide to the SRS, and the serving gNB may have to use the advanced receiver to separate two signals. In this case, the DM-RS overhead of 1/4 should be supported to multiplex SRS of RPF=4.
[bookmark: _Ref485166330]Proposal 3: In addition to 1/3, the DM-RS overhead of PUCCH of 1/4 is introduced.
On the other hand, Figure 1 (b) shows the PUCCH PRB with unused REs. In this case, the RE mapping should avoid the zero power resources and the UCI can be encoded with the corresponding code rate. Introducing the ZP resource can increase the multiplexing order between PUCCH DM-RS and SRS. Excluding subcarriers for encoded UCI bits within the PUCCH subband, the other subcarriers within the PUCCH subband can be allocated as either DM-RS or ZP SRS. In the example of Figure 1 (b), the serving gNB can configure SRS (of other UEs) at Resource 2 (PUCCH DM-RS) or Resource 4 (unused REs), and can avoid Resource 2 to configure SRS, which is realized by the gNB implementation.
[bookmark: _Ref481759685][bookmark: OLE_LINK28][bookmark: OLE_LINK29]Proposal 4: ZP resources in PUCCH is introduced to reduce intra-cell interferences.
 ZP resources increase the encoding rate of UCI bits. Depending on the multiplexing capability of a PUCCH subband and SRS, the serving gNB should carefully configure the ZP resources and the DM-RS density to protect PUCCH REs and to assist UCI decoding. However, the overhead of ZP resource need not huge. For PUCCH with low payload, 1RS:1UCI radio can be made if two ZP resources are configured. For PUCCH with high payload, 1RS:2UCI can be made if one ZP resource is configured. The scenarios where three or more ZP resources are beneficial could exist if SRS of larger RPF than 4 are specified, but it needs also performance benefits to UL channel acquisition.
2.2 Frequency allocation for short PUCCH
The WG1-88bis agreed to support both localized and distributed allocations to achieve the reliability. In the case of localized allocation, the serving gNB can assign the PUCCH in the good channel condition. The gain comes from the selection of frequency resource. Since PUCCH transmission involves in the RRC_CONNECTED UEs, it is natural to assume that the serving gNB tracks the UL timing advance, UL CSI, etc. Those information is estimated by any UL transmission or UL-DL channel reciprocity if possible, and can be used for UL dynamic scheduling. Therefore, the serving gNB knows which frequency resources (or subband) has a better quality than others. If PUCCH is transmitted in the good subband, then the detection performance will be increased.
In the case of distributed allocation, the serving gNB can expect the frequency diversity. In LTE, the frequency diversity at UL is implemented by inter-slot frequency hopping. In NR, PUCCH of long duration supports intra-slot frequency hopping. However, the PUCCH of one symbol duration needs study to achieve frequency diversity. One aspects to consider is the PAPR. The increased PAPR may not be a significant problem when it is only configured to cell center UE, but it should not intentionally limit the coverage of short PUCCH. 
In addition, we should study the impact to the channel estimation accuracy. In the multi-cluster transmission, the effective channel should be estimated and interpolated with own DM-RS resource in each cluster. If the channel is less selective, then the wider cluster can achieve better channel estimation due to more applicable RS REs. If the channel is highly selective, then the wider cluster can achieve similar channel estimation performance to the narrow cluster because the wider cluster does not obtain any gain from wideband RS. 
Moreover, each cluster has decreased transmission power. It is possible to equally divide a whole transmission power into each cluster. This means that each cluster should have low code rate to avoid power outage events. With given encoded UCI payload, the transmission power per cluster should meet the minimum performance requirement.
This reasoning leads us how to allocate single cluster and multi-cluster to achieve reliability. It is desirable to allocate a single cluster provided that UE knows (roughly) the channel gain, and otherwise multiple clusters can be allocated. In other words, when UE receives DCI, a single cluster is chosen, and when UE does not receive DCI, multiple clusters can be chosen. 
[bookmark: _Ref485166339]Proposal 5: A few bits in PDCCH can indicates a subband of PUCCH of short duration.
[bookmark: _Ref485166343]Proposal 6: If DCI is available, then the short PUCCH is transmitted using a single cluster.
[bookmark: OLE_LINK30][bookmark: OLE_LINK31][bookmark: OLE_LINK32]There are three distinct cases as Figure 2 illustrates. Suppose that a UE receives DL-related DCI and UL-related DCI, and transmits both UCI and UL data (Figure 2 (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_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 2 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 2 (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 2 (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.
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 or even UL-DCI can indicate which resource will be used. The selection gain from frequency selective scheduling will increase the reliability of a PUCCH. Furthermore, due to the selection gain, the PUCCH may not be distributed along the frequency domain. Single cluster transmission with appropriate power control would achieve the sufficiently low BLER.
[bookmark: OLE_LINK45][bookmark: OLE_LINK46][bookmark: _Ref481759054]Proposal 7: The UE-specific DCI can include few bits to indicate PUCCH frequency 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 SR. 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: OLE_LINK47][bookmark: _Ref481759058]Proposal 8: When UCI is a HARQ-ACK, or aperiodic CSI report, choose a PUCCH resource by the last received DCI
[bookmark: _Ref481759062]Proposal 9: When UCI is periodic CSI report, or SR, the configured PUCCH resource is used.
3 [bookmark: OLE_LINK33][bookmark: OLE_LINK34]Conclusion
In this contribution, we made the following proposals.
Proposal 1: Multiplexing SRS with short PUCCH for any payload should be considered.
Proposal 2: At least DM-RS for short PUCCH can be jointly designed with SRS to mitigate the interference.
Proposal 3: In addition to 1/3, the DM-RS overhead of PUCCH of 1/4 is introduced.
Proposal 4: ZP resources in PUCCH is introduced to reduce intra-cell interferences.
Proposal 5: A few bits in PDCCH can indicates a subband of PUCCH of short duration.
Proposal 6: If DCI is available, then the short PUCCH is transmitted using a single cluster.
Proposal 7: The UE-specific DCI can include few bits to indicate PUCCH frequency resource.
Proposal 8: When UCI is a HARQ-ACK, or aperiodic CSI report, choose a PUCCH resource by the last received DCI
Proposal 9: When UCI is periodic CSI report, or SR, the configured PUCCH resource is used.
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