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Introduction
In this contribution, we present our follow-up views on the DL beam management, in light of the new agreements reached in RAN1#89:
Agreements:
· Support spatial QCL assumption between antenna port(s) within a CSI-RS resource(s) and antenna port of an SS Block (or SS block time index) of a cell 
· The other QCL parameters not precluded 
· FFS: indication either explicit or implicit or  configurable or a default
· Note: default assumption may be no QCL
· Configuration of QCL for UE specific NR-PDCCH is by RRC and MAC-CE signalling
· Note that MAC-CE is not always needed
· FFS: necessity of DCI signalling
· Note: For example, DL RS QCLed with DMRS of PDCCH for delay spread, Doppler spread, Doppler shift, and average delay parameters, spatial parameters

Agreements:
· Cell-specifically configured CSI-RS is not supported for beam management
DL beam management for NR
NR-PDCCH and NR-PDSCH generally have different requirements on their link performances. NR-PDCCH requires high reliability and does not require high data rate. NR-PDSCH should support high data rate and can utilize retransmission mechanism to increase reliability. Thus, configuration of different beams used for NR-PDCCH and NR-PDSCH should be supported (agreed since RAN1#86bis). For example, the beams used for NR-PDCCH can have wider beam width (compared to that for NR-PDSCH) so that the beams are robust with respect to UE mobility and signal blockage. For NR-PDSCH, narrower beams can be used to deliver high beamforming gain so that higher data rate can be supported. 
Different transmission schemes can also be applied to NR-PDCCH and NR-PDSCH. For example, NR-PDCCH can use a single port or a transmission diversity scheme, whereas NR-PDSCH can use multi-layer MIMO or multi-point transmissions, e.g., non-coherent joint transmission (JT). Different transmission schemes may require different set of TRP Tx beams.
When considering the beam management procedure for UE-common (or UE-group common) NR-PDCCH or NR-PDSCH, it should be taken into account that such downlink channels need to be received by the UE during the initial access procedure, as well as during idle mode. As such, a beam management procedure that does not require active management by the network based on UE feedback is required. The network may need to transmit UE-common NR-PDCCHs and NR-PDSCHs on all its Tx beams in the same way as NR synchronization signals and NR-PBCH. It follows that the RS as the QCL reference (including spatial QCL) by the UE should be based on the SS block. 
Observation 1: SS block is the QCL reference for receiving UE-common (or UE-group common) NR-PDCCH/PDSCH.
For the UE-specific NR-PDCCH and NR-PDSCH, it would be beneficial for the UE to indicate to the network the best Tx beam to receive the PDCCH and PDSCH, as such UE feedback would allow the network to provide better link quality and also to support MU-MIMO transmissions. L1 beam measurement and reporting based on UE-specific CSI-RS can enable more refined beams to be used which can either increase the spectral efficiency or the range of the downlink channels. Nevertheless, it should also be possible for the network to transmit UE-specific NR-PDCCHs/PDSCHs on the same beam(s) as those used for UE-common NR-PDCCHs, i.e. SS block can also be configured to be the QCL reference for receiving UE-specific NR-PDCCH and NR-PDSCH. For the unicast NR-PDSCH, to be able to use the SS block as the QCL reference is useful for supporting a ‘fall back’ unicast NR-PDSCH that is more robust and is analogous to the PDSCH corresponding to DCI format 1A of LTE. 
The configuration of QCL reference can be either implicit or explicit. Implicit configuration applies when there is only one BPL configured by the network, in which case the ‘serving’ SS block and/or the CSI-RS that is QCL-ed with the ‘serving’ SS block naturally serves as the QCL reference for NR-PDCCH and NR-PDSCH. For explicit QCL reference configuration, the set of SS blocks and CSI-RS resources that can be used as QCL reference are RRC configured by the network with the corresponding identifiers.
Based on the above discussion, we have the following proposals:
Proposal 1: SS block or CSI-RS can be configured (implicitly/explicitly) as the QCL reference for receiving UE-specific NR-PDCCH (as part of a CORESET configuration) and UE-specific NR-PDSCH. 
Proposal 2: L1-RSRP measurement and reporting based on SS block and/or CSI-RS allows the network to maintain one or more BPLs for NR-PDCCH and PDSCH.
Proposal 3: For NR-PDCCH/PDSCH, implicit QCL reference to the ‘serving SS block’ and/or the QCL-ed CSI-RS is supported when there is only one BPL configured.
Proposal 4: For explicit QCL reference configuration, the set of SS blocks and CSI-RS resources that can be used as QCL reference are RRC configured by the network with the corresponding identifiers.
It has been agreed in RAN1#89 that the RRC and MAC CE signalling is supported for QCL indication for NR PDCCH, with FFS on the necessity of DCI signalling. RRC configuration provides the set of QCL references as mentioned before. To enable dynamic adaptation, MAC CE signalling provides a good balance between reliability and latency. As for DCI signalling of QCL configuration for NR-PDCCH, a use case is when the NR-PDCCH is FDM-ed (like LTE EPDCCH) with a NR-PDSCH transmitted on an analog beam, and the NR-PDSCH’s QCL reference is indicated with a DCI signalling. LTE EPDCCH was defined as a particular frequency-domain ICIC method for the LTE DL control channel. Frequency-domain ICIC for NR PDCCH is built in the NR design, and the need for purely frequency multiplexing with NR PDSCH is not yet clear for NR. Considering the additional specification that would be required to support DCI signalling for QCL indication for NR-PDCCH, we propose not to support it unless the need for it is justified. 
Proposal 5: DCI signalling for QCL indication for NR-PDCCH is not supported.
Unlike the control beam management, more dynamic NR-PDSCH beam management needs to be supported in order to enable transmission schemes, such as the dynamic point selection for CoMP. DCI signalling for QCL indication for NR-PDSCH has already been agreed for NR. The QCL reference signalled in the DCI format should point to one of the QCL references configured by RRC. If a QCL reference can be deactivated, the deactivated QCL reference should not be indicated by the DCI and this can be a useful mechanism to limit the bit field size in the DCI format in case the set size of QCL references configured by RRC is large.
Proposal 6: If a QCL reference can be activated/deactivated, the DCI signalling for QCL indication for NR-PDSCH is only corresponding to the activated QCL reference. 
The overall beam indication (QCL reference) procedure for NR-PDCCH is illustrated in Figure 1. Our views on further details of beam management for NR-PDCCH and NR-PDSCH can be found in our companion contributions [1] and [2], respectively. Readers are referred to [3][4] for detailed discussions on beam measurement and reporting. Readers are referred to [6] for more discussions on beam management configuration framework.
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[bookmark: _Ref485213244]Figure 1: NR beam indication framework
On Beam-pair link definition and specification impact
There have been several attempts to provide a concrete definition to the term “beam-pair link”, see e.g. [7] where a BPL has been defined as “a UE or gNB measurement (e.g. RSRP/CSI) on a reference signal (e.g. CSI-RS, SS, SRS) transmitted/received according to a TX/RX spatial filtering configuration”. While BPL is a useful concept which has been used extensively in the beam management discussion, it is not yet clear if an official definition needs to be provided for the NR specification or the extent of its specification impact.
As beam management progresses from P1 to P3, the BPL as understood at the gNB or at the UE is updated as illustrated in Figure 2. A potential specification impact of the BPL concept is the explicit signalling of a refined Tx/Rx beam to receive a DL channel. From the beam indication perspective, it would be sufficient for the DL RS for beam management to be configured as a QCL reference candidate. The gNB or the UE can be expected to use the appropriate Tx/Rx beam for receiving a NR-PDCCH or a NR-PDSCH. For example, when receiving a NR-PDCCH/PDSCH with QCL reference of P1/P2 CSI-RS, the UE is expected to use Rx beam 1, and when receiving a NR-PDCCH/NR-PDSCH indicated with QCL reference of P3 CSI-RS, the UE is expected to use Rx beam 2. The need for the network to explicitly indicate an Rx beam for the UE is not clear.  
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[bookmark: _Ref485218696]Figure 2: BPL updates at gNB and at UE through P1-P3 beam management procedure
Observation 2: From the beam indication perspective, it would be sufficient for the DL RS for beam management to be configured as a QCL reference candidate. The need for the network to explicitly indicate an Rx beam for the UE is not clear.
Further details of L1-RSRP reporting can be found in our companion contributions [3] and [4]. The benefit of L1-RSRP reporting of SS block is further elaborated in our companion contribution [5].
Conclusions
In this contribution, we discussed DL beam management details. Our observations and the corresponding proposals are given below.
Observation 1: SS block is the QCL reference for receiving UE-common (or UE-group common) NR-PDCCH/PDSCH.
Proposal 1: SS block or CSI-RS can be configured (implicitly/explicitly) as the QCL reference for receiving UE-specific NR-PDCCH (as part of a CORESET configuration) and UE-specific NR-PDSCH. 
[bookmark: _GoBack]Proposal 2: L1-RSRP measurement and reporting based on SS block and/or CSI-RS allows the network to maintain one or more BPLs for NR-PDCCH and PDSCH.
Proposal 3: For NR-PDCCH/PDSCH, implicit QCL reference to the ‘serving SS block’ and/or the QCL-ed CSI-RS is supported when there is only one BPL configured.
Proposal 4: For explicit QCL reference configuration, the set of SS blocks and CSI-RS resources that can be used as QCL reference are RRC configured by the network with the corresponding identifiers.
Proposal 5: DCI signalling for QCL indication for NR-PDCCH is not supported.
Proposal 6: If a QCL reference can be activated/deactivated, the DCI signalling for QCL indication for NR-PDSCH is only corresponding to the activated QCL reference. 
Observation 2: From the beam indication perspective, it would be sufficient for the DL RS for beam management to be configured as a QCL reference candidate. The need for the network to explicitly indicate an Rx beam for the UE is not clear.
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