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1 Introduction
[bookmark: _GoBack] In this contribution, we address our view on short duration PUCCH. Proposals are summarized in the conclusion.
2 Discussion
2.1 [bookmark: OLE_LINK11][bookmark: OLE_LINK12]Multiplexing with PUSCH  
We consider multiplexing PUCCH of short duration and PUSCH. The serving gNB can configure PUCCH subbands which do not overlap with PUSCH subbands in the mini-slot (FDM). However sometimes the resources can be overlapped when the PUCCH load (due to the heavy DL load) or the PUSCH load are heavy. In addition, as shown in Figure 1, the serving gNB needs not put PUCCH subbands at edge of UL spectrum for UEs whose capable UL bandwidth is far less than UL system bandwidth. Some (UE-specific) PUCCH subbands may be configured in the middle of UL spectrum, and the UL control channel design should consider such scenario where the PUCCH subband and the PUSCH subband are overlapped. 
[bookmark: _Ref478134961]Observation 1: PUCCH subband may be configured in the middle of UL spectrum



[bookmark: _Ref478111702]Figure 1 Example of PUCCH and PUSCH in a UL mini-slot
It is also possible that a part of PUCCH resource in the time domain can overlap the PUSCH resource. If PUCCH of short duration hops in the frequency domain, then the interference hypothesis within the UL mini-slot would be different at the serving gNB and the interference should be estimated in each overlapped by using DM-RS. For example, PUCCH of two symbol duration hops at every symbol (as in the upper sub-Figure 1) and the gNB should derive different interference estimation within a mini-slot. This will increase the DM-RS density at both PUSCH and PUCCH. 
On the other hand, if multi-cluster transmission is adopted (as in the lower sub-Figure 1), then PUCCH does not need to hop and it is natural to span at least one mini-slot. In this case, the serving gNB can estimate channel information at each subband and do not need to increase the DM-RS density. 
[bookmark: OLE_LINK3]In the case where a single UE transmits simultaneous PUSCH and PUCCH, the transmission power will vary during the UL (mini-)slot. In the case where PUSCH and PUCCH are multiplexed in some resource such as a part of PRBs, the interference hypothesis at some symbols will vary due to different duration of PUSCH and PUCCH from other UEs. Instead, it is desirable to fully overlap the transmission resources of PUSCH and PUCCH at least within a UL (mini-)slot.
[bookmark: _Ref478134991]Proposal 1: PUCCH of short duration should span at least a mini-slot.
2.2 Multiplexing with sounding RS  
In this section, we assume that SRS symbol is transmitted using consecutive PRBs and should visit all (UE-specific) subbands within the UL system bandwidth. This is because the UL channel response should be available for 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 performance requirement, in such case it would be desirable to orthogonally multiplex the SRS subbands. Additionally, we can consider further interference mitigation between SRS subbands and PUCCH subbands.


Figure 2 Example of PUCCH subband and SRS subband
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 PUCCH and SRS together to avoid collisions in the subcarrier level within the same subband. 


[bookmark: _Ref478112709]Figure 3 Example of SRS and PUCCH in a symbol and a PRB
It is proposed to allow the similar design principle for SRS for at least PUCCH of short duration. Using this approach, the PUCCH and SRS symbol will show the similar interference mitigation performance. If the serving gNB configures PUCCH subband as similar to one of SRS subbands, 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 as Figure 3 illustrates. In this case, the RE mapping should avoid the zero power resources and the UCI can be encoded with the corresponding code rate. it is beneficial to allow zero power on those PUCCH subcarriers and to adapt the RE mapping for PUCCH.
In order to specify the RE mapping for the PUCCH of short duration, the explicit modelling of interferences should be considered in the evaluation. In the LTE Rel-13 eCA (LTE_CA_enh_b5C), RAN1 discussed the UL SINR distribution in the email loop [80-02]. In the NR, RAN1 needs to perform similar study to capture UL interference in PUCCH design.
[bookmark: _Ref471737701]Proposal 2: ZP resources in PUCCH is introduced to reduce intra-cell interferences.
 ZP resources increase the encoding rate of UCI bits. Some companies observed in the previous meeting that there is the optimal DM-RS density in terms of the BLER of PUCCH with the UCI payload. Referring to the observation, ZP resources can be additionally considered to determine the effective encoding rate for 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.
The optimal DM-RS overhead (e.g., between 1/2 or 1/3) can also adjust the number of encoded UCI bits. In turn, the effective encoding rate for UCI bits can also depend on the amount of ZP RS resources. Furthermore, if NR CA or semi-static TDD are configured, then the number of UCI bits can be dynamically changed. In this case, the channel coding (e.g., polar coding) for PUCCH should support such dynamically varying encoding rate.
[bookmark: _Ref478134970]Observation 2: Various effective encoding rate are supported in PUCCH design.
2.3 Clustered transmission for PUCCH of short duration
The PUCCH is expected to have tight performance requirement and especially PUCCH of short duration should be careful to achieve reliability. One of such reliability comes from 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. The PUCCH of one symbol duration needs study to achieve frequency diversity. Some companies propose the multi-cluster PUCCH despite increased PAPR/CM. It can be adopted if the increased detection performance offsets the power backoff. 
Another solution to achieve reliability in one symbol is to 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.
[bookmark: _Ref478134974]Observation 3: The PUCCH subband selection can also achieve PUCCH reliability.
[bookmark: OLE_LINK4]The multi-cluster transmission consists of a few clusters, and each cluster occupies a subband. The philosophy of multi-cluster transmission is to exploit independent fading for each cluster, and at least one of cluster should experience good channel condition to achieve the target performance. In the case of PUCCH of short duration, the encoded UCI can be mapped to a single cluster and can be outer-coded for all clusters, or be mapped to all clusters. To successfully decode the encoded UCI, each cluster should have high DM-RS density to demodulate the symbols. Otherwise the decoding performance can degrade if a few clusters experience bad channel condition. This means that the bandwidth of each cluster should be increased due to DM-RS overheads. When there are many PUCCH transmissions or PUSCH allocations in the mini-slot, multi-cluster PUCCH transmission reduces the multiplexing capability.
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.
[bookmark: _Ref478134975]Observation 4: The multi-cluster transmission requires more bandwidth and more transmission power with given UCI payload.
On the other hand, a single cluster transmission may have less bandwidth with higher transmission power per cluster, and the subband selection can enhance the reliability. The subband selection depends on the UL CSI, and the UL CSI may not be always available at the serving gNB. For instance, during the initial access, the M4 should be acknowledged via PUCCH but with no UL CSI. Another example includes UEs not configured to the periodic SRS or UEs in RRC connection reconfiguration. Those cases prevent the aggressive use of UL CSI and the subband selection may not work well. However, those cases may not require the use of PUCCH of short duration. The serving gNB can indicate the resource of PUCCH of long duration.
[bookmark: _Ref478134994]Proposal 3: Single cluster transmission for PUCCH of short duration is supported.
To indicate the PUCCH subband, the subband index should be dynamically selected to track the UL channel variation. If PUCCH of short duration carries HARQ-ACK bits, then the (last) scheduled PDSCH assignment can also indicate the PUCCH subband. A few bits for PUCCH resource indication should indicate the subband index. The appropriate size of PUCCH resource pool needs further study.

[bookmark: _Ref478134996]Proposal 4: A few bits in PDCCH can indicates a subband of PUCCH of short duration.
3 Conclusion
In this contribution, we observe the followings.
Observation 1: PUCCH subband may be configured in the middle of UL spectrum
Observation 2: Various effective encoding rate are supported in PUCCH design.
Observation 3: The PUCCH subband selection can also achieve PUCCH reliability.
Observation 4: The multi-cluster transmission requires more bandwidth and more transmission power with given UCI payload.
Based on above observations, we propose the followings.
Proposal 1: PUCCH of short duration should span at least a mini-slot.
Proposal 2: ZP resources in PUCCH is introduced to reduce intra-cell interferences.
Proposal 3: Single cluster transmission for PUCCH of short duration is supported.
Proposal 4: A few bits in PDCCH can indicates a subband of PUCCH of short duration.
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