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Introduction
In previous meetings, the following were agreed on PUCCH and beam reporting.
Agreements [1]:
· 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
Agreements [2]:
· For further discussion of PUCCH in short-duration, UCI payload of 1 – at least a few tens of bits (or SR) is assumed.
· For further discussion of PUCCH in long-duration, UCI payload of 1 – at least a few hundreds of bits (or SR) is assumed.

Agreements [2]:
· For 1-symbol short PUCCH with > 2 UCI bits, the following is supported for the agreed Option 1:
· QPSK for UCI
· 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
· FFS: values of X1, X2
· DMRS overhead: down-select among the following options:
· Option 1: one value (e.g., 1/2, 1/3, 1/4, 1/5, …)
Option 2: multiple values depending on, e.g. UCI payload size etc.
Agreements [3]:
· NR supports the following beam reporting considering L groups where L>=1 and each group refers to a Rx beam set (Alt1) or a UE antenna group (Alt2) depending on which alternative is adopted. 
· For each group l, UE reports at least the following information:
· Information indicating group at least for some cases
· FFS: condition(s) to omit this parameter e.g. when L=1 or Nl=1
· Measurement quantities for Nl beam (s)
· Support L1 RSRP and CSI report (when CSI-RS is for CSI acquisition)
· FFS: the details of RSRP/CSI derivation and content
· FFS: Other reporting contents, e.g., RSRQ  
· FFS: Configurability between L1 RSRP and CSI report
· FFS: whether or not to support differential L1 RSRP feedback
· FFS: How to select Nl beam(s) e.g max Nl beams in terms of received power being above a certain threshold or in terms of correlation less than a certain threshold
· Information indicating Nl DL Tx beam(s) when applicable
· FFS: the details on this information, e.g., CSI-RS resource IDs, antenna port index, a combination of antenna port index and a time index, sequence index, beam selection rules for assisting rank selection for MIMO tx, etc.
· This group based beam reporting is configurable per UE basis.
· This group based beam reporting can be turned off per UE basis e.g. when L=1 or Nl=1
· NOTE: No group identifier is reported when it is turned off 
· FFS: how L is determined. e.g. by network configuration or UE selection or UE capability e.g. how many beams can be received simultaneously
· FFS: how is configured using the CSI framework to support multi-panel or multi-TRP transmission

[bookmark: _GoBack]This contribution considers transmission aspects for beam state information (BSI) with PUCCH. It is a revision of R1-1716001.

Discussion
For reporting L BSIs, PUSCH, long PUCCH, or short PUCCH can be considered. PUSCH can be used for aperiodic BSI reporting. Long PUCCH and short PUCCH can be used for both periodic and aperiodic reporting. When long PUCCH and short PUCCHs are used for aperiodic reporting, the CSI/BSI trigger is embedded in PDCCH transmitted in a same time slot as the PUCCHs. For example, UE may be triggered to report a beam quality corresponding to a pre-configured BPL or a serving BPL by PDCCH. PUSCH and long PUCCH may be able to carry the whole payload of the L BSIs without compression. Short PUCCH, however, is not likely to be sufficient to carry the whole payload of the L BSIs. 
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Aperiodic PUCCH reporting
For aperiodic PUCCH reporting, one case where aperiodic PUCCH is useful to transmit BSI report is when the gNB needs to know the beam quality information of a gNB configured BPL or serving BPL. This BSI information can be small because only beam quality information of a single BPL, e.g., gNB configured BPL or serving BPL needs to be reported. Aperiodic PUCCH is also very useful for quicker BSI report in a self-contained slot when triggering of aperiodic PUCCH reporting in the DCI is in the same slot as the PUCCHs. Figure 1 shows the DCI triggering aperiodic PUCCH in the same slot. For aperiodic PUCCH reporting, both short and long PUCCH can be used. When long PUCCH is used, improved coverage can be achieved. 


Figure 1: DCI triggering aperiodic PUCCH
Proposal 1: Aperiodic BSI reporting with PUCCH should be supported in NR.
For the multi-beam operations of both aperiodic PUSCH and PUCCH reporting, the network needs to indicate UE Tx beam(s) to be used for these UL signals so that the network can apply appropriate TRP Rx beams for the UL signal reception. Considering the case when UE beam correspondence holds, the UE Tx beam(s) used for both aperiodic PUCCH and PUSCH can be implicitly derived from DL Rx beam. But when UE beam correspondence doesn’t hold, the UE Tx beam for both aperiodic PUCCH and PUSCH needs to be explicitly indicated, either semi-statically or dynamically or both. More specifically, in case of aperiodic PUSCH reporting, the UE Tx beam(s) can be dynamically indicated in the UL DCI signalling; on the other hand, in case of aperiodic PUCCH reporting, the UE Tx beam(s) can be configured either semi-statically or dynamically or both. 
Proposal 2: Explicit Tx beam indication of PUCCH reporting should be supported at least for the case when UE beam correspondence doesn’t hold.
When a configured DL BPL or a serving DL BPL is to be reported in the aperiodic BSI reporting, the configured BPL or serving BPL should be indicated dynamically or derived from the semi-statically configured resources. For example, a pool of PUCCH resources can be configured semi-statically per DL BPL while one selected PUCCH resource from the pool is indicated dynamically in the DCI to implicitly indicate the DL BPL that is to be reported in the aperiodic BSI reporting. Also when the whole BSI reporting is to be reported, the whole BSI reporting request should be indicated dynamically.
Proposal 3: Explicit or implicit indication of DL BPL(s) to be reported should be supported either dynamically or semi-statically or both for aperiodic BSI reporting.
PUCCH resource allocation
For periodic PUCCH reporting, multiple short/long PUCCH resources may be configured for a single report. A corresponding beam pair links (BPL) for the corresponding PUCCH resources may be configured by the network, as Figure 1 shows. So BPL does not need to be transmitted in the PUCCH payload that will result in lower payload for each PUCCH. For long PUCCH, improved coverage can be achieved, whereas for short PUCCH per BPL BSI transmission can also be supported. When the network may be able to configure a corresponding number of beam pair links (BPLs) for the PUCCHs, spatial diversity is exploited for the PUCCH reception, as Figure 2 shows. Figure 2 shows an example for short PUCCH transmission where Tx beams for different PUCCHs may be targeted to different TRPs, e.g., to support multi-connectivity (e.g., multiple BSIs are intended for different TRPs in non-ideal backhaul case).
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Figure 1: BSI transmission on PUCCH
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Figure 2: UE Tx beam on PUCCH

For resource allocation of aperiodic PUCCH, a pool of PUCCH resources that can be shared by multiple users can be configured semi-statically while one selected PUCCH resource from the pool is indicated dynamically in the DCI. One benefit is that this approach allows more efficient uplink resource usage. 
Proposal 4: For reporting BSI on PUCCH, the following resource allocation options should be supported:
· For periodic PUCCH reporting, UE can be semi-statically configured with multiple PUCCH resources for reporting BSI on multiple BPLs, one PUCCH resource per BPL
· For aperiodic PUCCH reporting, UE can be semi-statically configured with a pool of multiple PUCCH resources for a single BPL (e.g., serving BPL), and dynamically indicated with a PUCCH resource from the pool to report BSI for the BPL
Conclusions
This contribution discusses BSI reporting on PUCCH and resource allocation for PUCCH. The followings are proposed.
Proposal 1: Aperiodic BSI reporting with PUCCH should be supported in NR.
Proposal 2: Explicit Tx beam indication of aperiodic PUCCH reporting should be supported for the case when UE beam correspondence doesn’t hold.
Proposal 3: Explicit or implicit indication of DL BPL(s) to be reported should be supported either dynamically or semi-statically or both for aperiodic BSI reporting.
Proposal 4: For reporting BSI on PUCCH, the following resource allocation options should be supported:
· For periodic PUCCH reporting, UE can be semi-statically configured with multiple PUCCH resources for reporting BSI on multiple BPLs, one PUCCH resource per BPL
· For aperiodic PUCCH reporting, UE can be semi-statically configured with a pool of multiple PUCCH resources for a single BPL (e.g., serving BPL), and dynamically indicated with a PUCCH resource from the pool to report BSI for the BPL.
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