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Introduction
For NR multi-beam systems, the general framework of DL beam management have been extensively discussed and many conclusions have been achieved. Beam indication is an essential enabler for multi-beam operations. Some detailed agreements on beam indication are listed as follows [1-3]:
	
Agreements:
· 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:
· Aim for low-overhead indication for spatial QCL assumption to assist UE-side beamforming/receiving
· FFS details (e.g., tag-based where the tag refers to previous CSI-RS resources, BPL-based, referring to previous measurement reports, indication one resource (set) out of multiple resource (set)s configured by RRC, CSI-RS resource/port index based, etc.)

Agreements:
· For reception of DL data channel, study further at least the following:
· Whether or not have an effective window of spatial QCL assumption
· Interaction between higher layer signaling (if supported) and DCI indication 
·  FFS the signaling details for higher layer and DCI based approaches (e.g., the corresponding information field in DCI, etc.)
· Interaction between beam management and PDSCH transmission
· Whether or not to have a default behavior (e.g., due to DCI miss detection), and if so the default behavior
· Beam switching time, DCI decoding time, etc.

Agreements:
· For reception of DL control channel, support indication of spatial QCL assumption between an DL RS antenna port(s), and DL RS antenna port(s) for demodulation of DL control channel 
· FFS: signaling method 
· Note: Indication may not be needed for some cases:
· For reception of DL data channel, support indication of spatial QCL assumption between DL RS antenna port(s) and DMRS antenna port(s) of DL data channel 
· FFS: which DL RS(s) to use for this purpose
· Different set of DMRS antenna port(s) for the DL data channel can be indicated as QCL with different set of RS antenna port(s)
· Option 1: Information indicating the RS antenna port(s) is indicated via DCI
· FFS: whether the information indicating the RS antenna port(s) will be assumed only for the scheduled “PDSCH” or until the next indication
· Option 2: Information indicating the RS antenna port(s) is indicated via MAC-CE, and will be assumed until the next indication
· Option 3: Information indicating the RS antenna port(s) is indicated via a combination of MAC CE and DCI
· At least one option is supported
· FFS: whether to support either or both options
· FFS: whether the information indicating the RS antenna port(s) for DMRS ports for DL control channel also applies to DMRS ports for DL data channel
· Note: Indication may not be needed for some cases




Based on the above agreements, we will further discuss the design of beam indication for PDCCH and PDSCH, respectively. 
Discussion
Beam Indication for PDCCH
In order to exploit the maximum potential performance, different beams can be used for different UEs and UE-specifically beam indication will be beneficial. To indicate the beam, spatial QCL assumption is introduced in NR. It has also been agreed to use RRC and MAC CE signaling to configure the spatial QCL for UE-specific PDCCH. Meanwhile, there is still a remaining issue whether or not NR should upport DCI to configure QCL for UE-specific PDCCH. 
Compared with PDSCH, PDCCH usually requires better robustness and coverage. To meet these requirements, the beam used for PDCCH is relatively wider than or at least not narrower than the one used for PDSCH. Thus the best beam(s) used for PDCCH is expected to be relatively stable and not change very quickly.  Moreover, NR supports multi-beam transmission for PDCCH to enhance the robustness of control channel. As a result, we don’t see any need to support the dynamic change of the beams for PDCCH.

Observation 1: There is no clear motivation to support dynamic beam indication for UE-specific PDCCH.

As robustness is a key metric for PDCCH design, the dynamic signaling of beam indication for PDCCH will suffers the problem whether or not gNB and UE share the same understanding of beam(s) used for PDCCH. In order to avoid the mismatch of UE’s and gNB’s understanding, NR should support some HARQ-like mechanism to ensure the dynamic beam indicate will take action at UE and NW. As a result, it will lead to significant standardization efforts.

Observation 2: Dynamic beam indication for UE-specific PDCCH will require significant standardization efforts.

Based on the above discussions, we can see that there is no clear benefit to support dynamic beam indication and it will also lead to more cost. If the beam(s) carrying PDCCH is not dynamically switched, the corresponding QCL parameters are not necessary to change dynamically either. Thus we have the proposal

Proposal 1: NR doesn’t support DCI signaling of QCL for UE-specific PDCCH.

Beam indication for PDSCH
Regarding PDSCH, more flexibility is required to improve the performance. There are some use cases requiring the dynamic beam switching. Here are some examples:
· NW switches the beam to avoid severe interference at UE side
· NW switches the beam for load balance
· NW switches beam to coordinate transmission between TRPs/cells

Observation 3: There are clear motivations to support dynamic beam indication for PDSCH.

Since a PDSCH transmission is usually indicated by a DCI, UE can parse DCI to get the beam indication. If UE decodes the beam indication incorrectly or misses the DCI, it will only lead to the failure of this transmission and not affect the following PDSCH transmissions scheduled by new DCIs. Thus no additional mechanism is needed to confirm the dynamic beam indication. Thus we have the following proposal:
Proposal 2: NR supports dynamic beam indication for PDSCH.

If dynamic beam indication for PDSCH is supported in NR, we should address the following issues to improve the efficiency:
· Issue 1: Impact of Rx beam switching latency and PDCCH decoding latency on the performance
· Issue 2: Low signaling overhead

When UE receives the PDCCH signals, it will take some time to decode the DCI and switch to the target Rx beam before UE can receive the corresponding PDSCH. Thus there will be a gap between the reception of PDCCH and PDSCH, which consisting of two parts:
· PDCCH decoding latency
· Rx beam switching latency
PDCCH decoding latency is related to UE capability and it will be discussed in RAN1. In contrast, Rx beam switching latency is a RAN4 issue and should be discussed in RAN4. UE may report the information about PDCCH decoding latency / Rx beam switching latency to facilitate NW to schedule the date transmission. Thus regarding Issue 1, we have the following proposals:

Proposal 3: RAN1 sends LS to RAN4 to ask for typical values or range of Rx beam switching latency at UE side.
Proposal 4: To enable the dynamic beam indication for PDSCH, RAN1 should
· Study whether a gap between PDCCH and PDSCH is needed
· Study its value(s) if the gap is needed

[bookmark: _GoBack]Regarding Issue 2, there are different alternatives to reduce the DCI size. One straightforward way is to disable dynamic beam indication. In this alternative, higher layer signaling can implicitly or explicitly indicate a beam for PDSCH, or PDSCH uses the same beam of PDCCH as a default mode.
Another way is to configure a subset of QCI reference by higher layer signaling, and the corresponding bits in a DCI indicate which element of the subset is used for PDSCH.

Proposal 5: NR support X bits in a DCI to dynamically indicate beam for PDSCH:
· X=2 as the starting point, FFS other values
· The QCL reference indicated by the X bits is from a subset which is configured by higher layer signaling

Conclusions
In this contribution, we discuss the beam indication for PDCCH and PDSCH. Based on the above discussions, we have the following proposals:
Proposal 1: NR doesn’t support DCI signaling of QCL for UE-specific PDCCH.
Proposal 2: NR supports dynamic beam indication for PDSCH.
Proposal 3: RAN1 sends LS to RAN4 to ask for typical values or range of Rx beam switching latency at UE side.
Proposal 4: To enable the dynamic beam indication for PDSCH, RAN1
· Study whether a gap between PDCCH and PDSCH is needed
· Study its value(s) if the gap is needed
Proposal 5: NR support X bits in a DCI to dynamically indicate beam for PDSCH:
· X=2, FFS other values
· The QCL reference indicated by the X bits is from a subset which is configured by higher layer signaling
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