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Introduction
In NR-U, a listen before talk (LBT) operation may need be performed prior to any transmission. So, the PUCCH transmission is also subject to the LBT operation. In this paper, we discuss possible enhancements of the transmission mechanisms for PUCCH signaling to overcome the negative impacts imposed by LBT failures.
[bookmark: _Ref525832169]Discussions
Physical uplink control channel (PUCCH) carries the Uplink Control Information (UCI) from the UE to the gNB. Same as in LTE, UCI consists of the following information:
-	CSI;
-	ACK/NAK;
-	Scheduling request (SR).
[bookmark: _Toc16067344][bookmark: _Toc16779159][bookmark: _Toc16793985][bookmark: _Toc16804626][bookmark: _Toc21012478][bookmark: _Toc21034922]Same as in LTE, UCI consists of CSI, HARQ ACK/NAK, and SR. 
in LTE LAA/eLAA/feLAA, UE doesn’t support PUCCH in an SCell in unlicensed spectrum. UCI is only transmitted in the primary cells which are deployed in licensed band. While in NR-U, both standalone and DC scenarios can be deployed in unlicensed band, meaning that PUCCH need to be transmitted in unlicensed cells, since a NR-U cell may operate as a primary cell. Therefore, a PUCCH transmission may be subject to LBT failures, it is meaningful to study means to enhance PUCCH UCI transmissions in NR-U.
[bookmark: _Toc16067345][bookmark: _Toc16779160][bookmark: _Toc16793986][bookmark: _Toc16804627][bookmark: _Toc21012479][bookmark: _Toc21034923]As PUCCH transmission may be subject to LBT failures, it is meaningful to study means to enhance PUCCH UCI transmissions in NR-U. 
In order to offload the Uplink Control Information (UCI) transmissions on PUCCH from PCell to SCell, one can configure PUCCH on a SCell in addition to the PUCCH on the PCell. The SCell carrying PUCCH will be associated with a number of SCells and they together constitute one PUCCH Cell group. 
In LTE since Rel-13 and NR Rel-15, a UE can only be configured with one PUCCH SCell, i.e. the UE can support up to two PUCCH cell groups as shown in Figure 1. The two cell groups are mutually exclusive and cross-carrier scheduling between CGs is not allowed.
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Figure 1: Configuration of PUCCH on SCell with 2 PUCCH CGs
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[bookmark: _Toc524959448]Potential enhancements
Transmission of UCI on PUSCH without UL-SCH

First alternative: increase of the number of PUCCH Cell groups or the number of PUCCH SCells per group
In case a UE has experienced LBT failure(s) in a first PUCCH cell group, the gNB may reconfigure the SCells in the first group to the second PUCCH cell group or vice versa, in this way, the UE is able to enhance the transmission robustness for PUCCH. Similar, if LBT fails in one SCell in a cell group another PUCCH SCell in the same cell group may have LBT success. 
To increase the number of PUCCH cell groups will require many changes in RAN2 and RAN1 specifications, and the same is true for adding more PUCCH SCells per cell group. Therefore, considering the limited time left in Rel-16, it is recommended to not increase the number of PUCCH cell groups, or the number of PUCCH-SCells in Rel-16.
[bookmark: _Toc15641336][bookmark: _Toc15661915][bookmark: _Toc16067350][bookmark: _Toc16779164][bookmark: _Toc16793990][bookmark: _Toc16804631][bookmark: _Toc20217750][bookmark: _Toc21012484][bookmark: _Toc21034928]Increase of the number of PUCCH Cell groups or the number of PUCCH SCells would require additional spec changes and may delay other central features, therefore it is not recommended for Rel-16.
Second alternative:  Support transmission of HARQ feedback in PUSCH without UL-SCH
UCI multiplexing in PUSCH is supported when UCI and PUSCH transmissions coincide in time, either due to transmission of a UL-SCH transport block or due to triggering of A-CSI transmission without UL-SCH transport block (TB):
-	UCI carrying HARQ-ACK feedback with 1 or 2 bits is multiplexed by puncturing PUSCH;
-	In all other cases UCI is multiplexed by rate matching PUSCH.
[bookmark: _Toc16067347][bookmark: _Toc16779162][bookmark: _Toc16793988][bookmark: _Toc16804629][bookmark: _Toc21012481][bookmark: _Toc21034925]In legacy, UCI multiplexing in PUSCH is supported when UCI and PUSCH transmissions coincide in time either due to transmission of a UL-SCH or due to triggering of A-CSI transmission without UL-SCH TB. 
The details on UCI multiplexing in PUSCH is specified in the 38.213:
If a UE would multiplex UCI in a PUCCH transmission that overlaps with a PUSCH transmission, and the PUSCH and PUCCH transmissions fulfil the conditions in Subclause 9.2.5 in 38.213 for UCI multiplexing, the UE multiplexes the UCI in the PUSCH transmission and does not transmit the PUCCH. 
If a UE transmits multiple PUSCHs in a slot on respective serving cells and the UE would multiplex UCI in one of the multiple PUSCHs and the UE does not multiplex aperiodic CSI in any of the multiple PUSCHs, the UE multiplexes the UCI in a PUSCH of the serving cell with the smallest ServCellIndex subject to the conditions in Subclause 9.2.5 in 38.213 for UCI multiplexing being fulfilled. If the UE transmits more than one PUSCHs in the slot on the serving cell with the smallest ServCellIndex that fulfil the conditions in Subclause 9.2.5 for UCI multiplexing, the UE multiplexes the UCI in the earliest PUSCH that the UE transmits in the slot.
If the gNB fails to access channel on the carrier configured as PUCCH-cell, the UCI can still be multiplexed in PUSCH of the serving cell with the smallest ServCellIndex among the cells with PUSCH resources. However, NR Rel-15 does not provide the flexibility to send PUSCH without UL-SCH TB multiplexed with UCI unless aperiodic CSI requested for this PUSCH transmission. It would be beneficial for NR-U to relax that restriction so that PUSCH without UL-SCH TB can carry UCI even if aperiodic CSI is not requested for this PUSCH transmission. 
In addition, it is sufficient to only support HARQ feedback to be multiplexed in PUSCH without UL-SCH TB, because of below facts
1) In the existing spec, SR is only to be transmitted on PUCCH for requesting PUSCH resources. There is no need to support SR to transmit in PUSCH.
2) In the existing spec, it is already possible to transmit aperiodic CSI in PUSCH without UL-SCH TB. Therefore, it is unnecessary to also support transmitting periodic CSI in PUSCH without UL-SCH TB, since the gNB can always send a DCI to a UE to request aperiodic CSI if it is necessary.

[bookmark: _Toc16067348][bookmark: _Toc16779163][bookmark: _Toc16793989][bookmark: _Toc16804630][bookmark: _Toc21012482][bookmark: _Toc21034926]It would be beneficial for NR-U to relax the restriction so that PUSCH without UL-SCH can carry HARQ feedback even if aperiodic CSI is not requested for this PUSCH transmission. 
This would require very simple changes to 38.213 and 38.212. Below we list the anticipated changes to the MAC specification. 

The MAC entity shall not generate a MAC PDU for the HARQ entity if the following conditions are satisfied:
-     the MAC entity is configured with skipUplinkTxDynamic with value true and the grant indicated to the HARQ entity was addressed to a C-RNTI, or the grant indicated to the HARQ entity is a configured uplink grant; and
-     there is no aperiodic CSI nor HARQ feedback requested for this PUSCH transmission as specified in TS 38.212 [9]; and
-     the MAC PDU includes zero MAC SDUs; and
-     the MAC PDU includes only the periodic BSR and there is no data available for any LCG, or the MAC PDU includes only the padding BSR. 
With this relaxation, the gNB can trigger feedback transmission in PUSCH without UL-SCH and without unnecessarily triggering aperiodic CSI report using DCI 0_1 via signalling: 
· UL-SCH indicator of "0" 
· CSI request of all zero(s) or non-zero CSI request field, but the triggered CSI report configuration indicates that no report is required. Both options can be considered
· DAI value that indicates the presence of UCI.  
Therefore, we make below proposal.
[bookmark: _Toc525720816][bookmark: _Toc525832154][bookmark: _Toc525832203][bookmark: _Toc528762276][bookmark: _Toc528762352][bookmark: _Toc528762508][bookmark: _Toc528763837][bookmark: _Toc528776196][bookmark: _Toc528858342][bookmark: _Toc528858479][bookmark: _Toc528882902][bookmark: _Toc525565506][bookmark: _Toc15641337][bookmark: _Toc15661916][bookmark: _Toc16067351][bookmark: _Toc16779165][bookmark: _Toc16793991][bookmark: _Toc16804632][bookmark: _Toc20217751][bookmark: _Toc21012485][bookmark: _Toc21034929]Support transmission of HARQ feedback in PUSCH without UL-SCH even if aperiodic CSI is not requested for this PUSCH transmission.

SR procedure in NR licensed
The procedure describing SR configurations in the NR MAC specification 38.321 says the following:
“The MAC entity may be configured with zero, one, or more SR configurations. An SR configuration consists of a set of PUCCH resources for SR across different BWPs and cells. For a logical channel, at most one PUCCH resource for SR is configured per BWP.
Each SR configuration corresponds to one or more logical channels. Each logical channel may be mapped to zero or one SR configuration, which is configured by RRC.” It is further stated that “Only PUCCH resources on a BWP which is active at the time of SR transmission occasion are considered valid”.
Since there can be several valid PUCCH occasions when the SR is signalled, the following note describes the UE behaviour:
“NOTE 1:	The selection of which valid PUCCH resource for SR to signal SR on when the MAC entity has more than one overlapping valid PUCCH resource for the SR transmission occasion is left to UE implementation.”
To increase the probability of successful SR transmissions in NR-U when the UE faces LBT failures, we think it is also beneficial to be able to configure multiple SR transmission opportunities as in NR Rel-15, where it is possible to transmit SR not only in the primary cell but also on the PUCCH SCell. 
[bookmark: _Toc535485390][bookmark: _Toc340993][bookmark: _Toc786066][bookmark: _Toc1049185][bookmark: _Toc1050841][bookmark: _Toc1075841][bookmark: _Toc1075887][bookmark: _Toc7189275][bookmark: _Toc7736435][bookmark: _Toc16803733][bookmark: _Toc21012483][bookmark: _Toc21034927]In NR Rel-15 carrier aggregation framework, the PUCCH-SR transmission is possible on the primary cell and PUCCH SCell. 
[bookmark: _Toc524959454]As described above for NR licensed, one LCH can be mapped to zero or one SR configuration. An SR configuration consists of a set of PUCCH resources for SR across different BWPs and cells. Also in NR-U, an SR configuration consists of a set of PUCCH resources for SR which may be across different serving cells where PUCCH-SR resources are configured. 
In NR licensed, the selection of which valid PUCCH resource for SR to signal SR when there is more than one overlapping valid PUCCH SR is left to UE implementation. We think it is reasonable to adopt the same rule regarding the selection of PUCCH SR resources for NR-U. For example, if there are concurrent PUCCH SR resources on different carriers, the UE may attempt LBT on those carriers, and eventually transmit the SR on one carrier, i.e. the carrier where the LBT was successful.
Therefore, we give the following proposal.
[bookmark: _Toc535485395][bookmark: _Toc340998][bookmark: _Toc786071][bookmark: _Toc1049189][bookmark: _Toc1050845][bookmark: _Toc1075843][bookmark: _Toc1075889][bookmark: _Toc7189280][bookmark: _Toc7264105][bookmark: _Toc7736439][bookmark: _Toc16803734][bookmark: _Toc20217752][bookmark: _Toc21012486][bookmark: _Toc21034930]Similar as in NR licensed operations, it is left to UE implementation how to choose the PUCCH resource for the SR transmission if there are multiple overlapping valid PUCCH resources, e.g., select the one with successful LBT.
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In section 2 we made the following observations:
Observation 1	Same as in LTE, UCI consists of CSI, HARQ ACK/NAK, and SR.
Observation 2	As PUCCH transmission may be subject to LBT failures, it is meaningful to study means to enhance PUCCH UCI transmissions in NR-U.
Observation 3	In the legacy carrier aggregation framework, the PUCCH-SR transmission is limited to the primary cell and the PUCCH SCell.
Observation 4	In legacy, UCI multiplexing in PUSCH is supported when UCI and PUSCH transmissions coincide in time either due to transmission of a UL-SCH or due to triggering of A-CSI transmission without UL-SCH TB.
Observation 5	It would be beneficial for NR-U to relax the restriction so that PUSCH without UL-SCH can carry HARQ feedback even if aperiodic CSI is not requested for this PUSCH transmission.
Observation 6	In NR Rel-15 carrier aggregation framework, the PUCCH-SR transmission is possible on the primary cell and PUCCH SCell.

Based on the discussion in section 2 we propose the following:
Proposal 1	Increase of the number of PUCCH Cell groups or the number of PUCCH SCells would require additional spec changes and may delay other central features, therefore it is not recommended for Rel-16.
Proposal 2	Support transmission of HARQ feedback in PUSCH without UL-SCH even if aperiodic CSI is not requested for this PUSCH transmission.
Proposal 3	Similar as in NR licensed operations, it is left to UE implementation how to choose the PUCCH resource for the SR transmission if there are multiple overlapping valid PUCCH resources, e.g., select the one with successful LBT.
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