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1. Introduction

According to previous RAN 1 meetings, some agreements and WAs pertaining to UE beamforming and UL beam management have been reached [1][2][3][4]. However, beam indication for PUCCH transmission is still unclear. Besides, some details about multiple beam pair links for PDCCH monitoring and PUCCH transmission also requires more considerations. In the following sessions, we provide some related discussions. 
RAN 1 #88

Agreements:

· Study further multi-beam based NR-PUCCH transmission for robustness against beam pair link blocking

· E.g., UE transmits NR-PUCCH on different UL Tx beams in different NR-PUCCH OFDM symbols

· FFS: multi-beam triggering condition/mechanism (e.g. event-triggered, network configured, etc.)

· FFS: number of OFDM symbols for each beam

Agreements:
· NR supports UL-MIMO scheduling by DCI, which includes at least some of
· Indication of a SRS resource (SRI) which has been transmitted by this UE in previous time instance
· Each configured SRS resource is associated with at least one UL Tx beam/precoder
· FFS: whether to allow the existence of this field only when multiple SRS resources are configured to UE.

· Transmit Rank indicator (TRI)

· Possible values are up to the number of SRS ports configured in the indicated SRI

· Wideband transmit PMI (TPMI), with details FFS including dual-stage codebook (if supported)
· FFS: Possible PMs depend on the number of SRS ports configured in the indicated SRI

· FFS: whether to allow the existence of this field for non-codebook-based UL-MIMO transmission

· FFS: Subband TPMI 

· UL MCS indication

· UL HARQ related information

· UL Resource allocation

· FFS on multiple SRI indication and corresponding indications of TRI(s) and TPMI(s)

· FFS: Joint encoding or separate encoding
RAN 1 #88b
Agreements:

· Confirm the WA from RAN1 AH1701 with the following update:
· NR supports at least one NW-controlled mechanism for beam management for UL transmission(s) 

· FFS the details

Agreements:
· Study whether or not the UE to provide information to gNB to assist UL beam management without UE beam correspondence

· E.g., the amount of SRS resources that is needed to train UE Tx beams, based on DL beam management results if available

RAN 1 #89
Agreements:
· When UE beam correspondence is not hold, 

· NR supports a UL RS indication for a configured SRS resource, where UE transmits the SRS using the beam used for transmitting the indicated UL RS

· The UL RS indication can be SRI (SRS resource indicator), at least

· FFS: The indication via MAC CE and/or DCI

Agreements:
· When UE beam correspondence holds,

· NR supports the indication for a configured SRS resource, where the transmission of the SRS resource is performed with the same spatial filtering as the one used for the reception of the indicated DL RS

· The indication can be based on CSI-RS resource, 

· FFS: signaling details (e.g., a low overhead mechanism, reciprocal QCL (if supported))
· FFS: The indication via MAC CE and/or DCI

· NR supports a UL RS indication for a configured SRS resource, where UE transmits the SRS using the beam used for transmitting the indicated UL RS

· The UL RS indication can be SRI (SRS resource indicator), at least
· FFS: The indication via MAC CE and/or DCI

2. PUCCH TX beam indication
In NR, one aspect which is still not decided is which UE transmission beam (TX beam) to transmit PUCCH. One intuitive method is that TX beam(s) for PUCCH always follows TX beam(s) for PUSCH as indicated in UL grant. Currently, network can transmit SRI to UE, which indicates the spatial filter setting as the previous SRS transmission for transmitting the PUSCH. Using the same TX beam as PUSCH, extra signalling overhead for PUCCH beam indication can be reduced. However, UE may not always have transmission occurrence of PUCCH and PUSCH in the same slot. Furthermore, such a method restricts network’s flexibility in TX beam selection for PUCCH and PUCCH resource scheduling in certain level. According to these considerations, other methods about beam selection for PUCCH transmission are necessary. Hence, how to indicate TX beams for PUCCH in an efficient and flexible way needs to be considered. 

Proposal 1: RAN1 should support an efficient and flexible way to indicate beams for PUCCH transmission.

In the following, we dig into this aspect from two views: if the beam correspondence is held at both TRP/UE side or not. 

TRP/UE with beam correspondence
In NR, the beam indication method for PDCCH transmission has been developed for a while. Network can indicate UE additional beams other than default beam from SSB reception by at least RRC singling or MAC-CE. Hence, with beam correspondence held, UE can actually utilize the beam(s), configured to receive the PDCCH, to transmit PUCCH to network side. Similarly, network utilizes beam(s) for PDCCH transmission to receive PUCCH without further UL beam management effort. The illustration is shown as follows: 
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In addition to inferring from PDCCH receiving configuration, UE can also realize the beam(s) for PUCCH by indication from network. After at least U2/U3 UL beam management procedure, network can search proper UE TX beams and inform UE of which beam(s) to transmit PUCCH by signalling SRI, similar to beam indication for PUSCH transmission. With beam correspondence held at UE side, network may also indicate DL RS related indication to facilitate PUCCH transmission, such as signalling CRI to UE. 
TRP/UE without beam correspondence
Without beam correspondence, U1/U2/U3 UL management procedure is necessary to obtain suitable uplink beam pair link for UE to transmit PUCCH. After UL beam management is finished, indication from network is expected. 

Proposal 2: With beam correspondence, beams selection for PUCCH transmission can be associated with beam(s) used to receive PDCCH, which is indicated by network. 

3. Multiple beam pair links
In NR, multiple beam pair links (MBPL) for PDCCH transmission has been approved to allow a more robust method to transmit PDCCH. With pair links from downlink/uplink beam management procedures, a UE can be served by the beam pair links for data transmission and reception. The UE will monitor downlink control signalling via the UE beams of the served beam pair links, and network can transmit downlink control signalling via the TRP beams of the beam pair links. The scheduled data transmission can be transmitted or received via the beam pair links as well. Since a UE may be served via multiple TRPs, multiple beam pair links are possible to be implemented, especially for supporting multi-TRP transmission. Even in case of one TRP, multiple beam pair links are also possible for a UE. 

Since beamforming concentrates the transmit power in a direction, blocking on the beam path will induce link failure of a beam pair link. In such case, multiple beam pair links may be useful for keeping connection between UE and network. Even if one beam pair link is suddenly blocked, communication can switch to other beam pair links [5]. Moreover, serving via multiple beam pair links can avoid frequently trigger beam recovery and improving robustness in multi-beam based systems. Thus, multiple beam pair links can be supported for these purposes. Accordingly, UE may be configured to monitor NR-PDCCH on multiple beam pair links simultaneously. 

Since the number of generated UE beams simultaneously may be limited due to analog/hybrid beamformer, UE cannot simultaneously monitor multiple beam pair links more than the beamforming limitation. To assist network to transmit NR-PDCCH on multiple beam pair links for a UE, UE may require to inform network about the allowable maximum number of generated UE beams simultaneously as UE beamforming capability. Then, gNB can configure the set of UE beams for monitoring NR-PDCCH. For instance, choosing the best beam pair links with number no more than reported UE beamformer capability.

Proposal 3: UE requires reporting maximum number of generated UE beams simultaneously to network for arranging NR-PDCCH on multiple beam pair links.

In a similar concept, multiple beam pair links should also be helpful to improve reliability on transmitting PUCCH. In order to fulfil the function, one possible way is that network can inform UE of the desired UE TX beams explicitly. Multiple beam pair links for PUCCH transmission can be implemented in a TDM method or simultaneously. If beam correspondence is held both at TRP/UE side, UE can also realize which beams are suitable for transmitting multiple PUCCHs by the configuration of multiple beam pair links for PDCCH as shown in the below figure. But, how to implement this function with details can be studied furthermore. 
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Proposal 4: RAN1 should support multiple beam pair links to enhance robustness on PUCCH transmission and study the implementation details.
4. UE beamforming
In multi-beam based approaches, it requires beamforming to compensate the higher path loss due to communication at high frequencies. Downlink/Uplink beam management procedures are utilized for finding beam pair link between TRP and UE. Communication between network and UE can be achieved via the beam pair link. In network side, TRP performs TRP beam sweeping for UE measurement and detection. Network can acquire the beam pair link(s) via reception of UE reporting or via uplink RS detection if Tx/Rx beam correspondence is supported. As for UE beamforming, it can bring additional antenna gain for communication [6] and also reduce potential interference on other TRP beams. If the beam pair link(s) are well-managed, the transmission/reception performance of a UE with UE beamforming can be much better than that of an omni-directional UE. However, UE beamforming may induce some issues or considerations for beam management, such as UE beam sweeping. The followings are some analysis for UE beam sweeping. 
Due to limitation of analog/hybrid beamformer, all beams whose directions cover the whole coverage cannot be generated simultaneously. TPR requires multiple transmission occasions to perform TRP beam sweeping. Thus, UE measures/detects the multiple transmission occasions to acquire qualified TRP beam(s). Similarly, UE with UE beamforming capability may not generate all UE beams simultaneously. It means that the UE utilizes part of UE beams to measure/detect the multiple transmission occasions of TRP beams, and gets the beam pair links between TRP beams and the part of UE beams. To acquire all beam pair links, UE requires to perform UE beam sweeping as well. Accordingly, it will take longer latency to finish beam management procedure for a UE with UE beamforming.

Moreover, compared with omni-directional UE, the beam pair link may be misaligned with higher possibilities. It may be resulted from UE rotation or UE movement. In such case, more dense resources may be required for downlink/uplink beam management procedure. For instance, network shortens periodicity of RS for mobility purpose, shortens periodicity of RS for beam measurement, or performs TRP beam sweeping multiple times every RS periodicity.

Proposal 5: Comparison with omni-directional UE, more dense resources are required for downlink/uplink beam management procedure for UE with UE beamforming.
5. Conclusion

In this contribution document, we have the following proposals for the NR developing directions.
Proposal 1: RAN1 should support an efficient and flexible way to indicate beams for PUCCH transmission.
Proposal 2: With beam correspondence, beams selection for PUCCH transmission can be associated with beam(s) used to receive PDCCH, which is indicated by network. 

Proposal 3: UE requires reporting maximum number of generated UE beams simultaneously to network for arranging NR-PDCCH on multiple beam pair links.
Proposal 4: RAN1 should support multiple beam pair links to enhance robustness on PUCCH transmission and study the implementation details.
Proposal 5: Comparison with omni-directional UE, more dense resources are required for downlink/uplink beam management procedure for UE with UE beamforming.
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