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1. Introduction
In the 3GPP RAN1 #88bis~NR Ad-hoc#2 meetings, beam related indication was discussed and the following agreements were achieved [1-3]:
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:

· 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:

· RAN1 to study the relation (if any) between a measurement and/or reporting on a reference signal and a subsequent beam indication for beam management purposes

· Study the indicator(s) used for PDCCH and PDSCH 

· Study whether there is a relationship between the indicator types e.g. same type of indicator or different types
In this contribution, beam related indication is discussed.
2. Discussion
2.1. Beam indication overhead reduction
Based on beam measurement and beam reporting, the gNB can select the best Tx beam(s) and indicate them through DCI, MAC-CE or RRC signalling. Depending on beam indication information the UE selects Rx beam for NR-PDCCH/NR-PDSCH/RS reception. For uplink transmission the gNB can also indicate the UL Tx beam(s) to the given UE, e.g. through SRI or DL and UL RS association.

The beam(s) is activated by RRC or MAC CE and dynamically indicated by gNB. The overhead of beam indication information will increase with the number of configured/activated beams. The information related beam indication can be grouped to several sets and each set of beam indication is switched implicitly for beam indication overhead reduction.
There are many ways to group beams into sets, for example:

· Beams could be grouped based on the received NR-PDCCH symbol. Multi-beam NR-PDCCH design has already been supported. The network may choose different beams from different TRPs. Then for NR-PDCCH from different TRP, it seems a natural choice for the two NR-PDCCHs would indicate two different sets of beams. For example, beam indication in DCI detected in symbol 1 may refer to the set of beams from TRP1, while beam indication in DCI detected in symbol 2 may refer to the set of beams from TPR2. Such grouping would reduce the possible number of beams within the set.
· Beams could be grouped according to indicated ranks. For multi-panel transmission and reception, multi-panel simultaneous operations are always possible. For different ranks, the corresponding beams might be different. For example, if indicated rank is 1, then within the set, the elements are single beam. If indicated with rank 2, then the corresponding set would need to include those two beam combination as its element. Beams could also be grouped according to the possibility of switching to each other. The beam indication sets are configured by gNB and the same beam is included in different sets here we call it common beam. For example, the primary set (serving beam set) is used to beam indication through DCI and the common beam is selected for NR-PDCCH/NR-PDSCH/RS transmission. If the common beam is used and the beams in primary set are blocked, e.g. the panel associated with primary set is held by hand, then the serving beam set is switched from primary set to other secondary set which includes the common beam. So the new selected secondary set can be called primary. To prevent error propagation of beam indication, the beam set switching can be done after the ACK/NACK is received and activated. The method of beam set grouping and switching can reduce the overhead of beam indication signalling. Take the following Figure 1&2 as an example, beam {1, 2, 3, 7} are grouped into the first set. Beams {7, 8, 9, 1} are grouped into the second set. Suppose the current working set is the first set. Then when there is blockage, UE is indicated beam 7. If such beam indication happens, then UE could automatically switch the working set. The number of needed bits could be saved from 3 bits to 2 bits.
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Figure 1: the UE panels and beams
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Figure 2: beam set grouping and switching
Proposal 1: 

· Consider the following ways of beam indication overhead reduction
· Beams are grouped into different sets。
·  Beam set are implicitly indicated by other signalling, like RI, NR-PDCCH detection symbol, etc.
2.2. Beam indication timing 
The beam related indication information can be dynamically signalled and adjusted by gNB. For high-frequency NR system the analog beamforming is controlled by beam indication. When the beam indication is located in NR-PDCCH, it is necessary for the UE to receive NR-PDCCH and obtain the beam indication information before selecting the analog beamformer to receive NR-PDSCH in accordance with the corresponding beam direction. If the interval between NR-PDCCH and scheduled NR-PDSCH is small, there is high requirement for UE processing time to decode NR-PDCCH and selecting analog beamformer especially for self-contained slot and mini-slot.
The beam indication can be signalled by MAC CE in advance to relax the UE processing time. The current serving beam is dynamically indicated by DCI to reduce the data transmission delay. Before the DCI is decoded, the UE will receive the NR-PDSCH according to the above rule which can save the resource when the serving beam is not changed. From the following Figure 3 the multiple beams are activated by MAC CE in slot N+1. One beam is used from slot N+3 to slot N+6. In the symbol 0 of slot N+7 the DCI carried new beam indication is received and decoded in symbol 2. So NR-PDSCH is not scheduled in symbol 1 of slot N+7 until the DCI is decoded in symbol 2. The UE receives NR-PDSCH correctly from symbol 2 to 10 and feeds back ACK in symbol 13 to gNB. Then the new beam indication is activated from slot N+8.
Based on above discussion:
· For normal slot, it is always possible to schedule the UE before the actual transmission with DCI;
· Beam indication may not be transmitted every time. It could be only transmitted when changed. The transmitted beam indication only takes effect after the corresponding ACK is confirmed. 
· For self-contained slot, DCI and the corresponding NR-PDSCH are within the same slot. Based on the fact that NR-PDSCH beam would not change as dynamic as other DCI information, self-contained slot could just follow the previous effective beam indication. The DCI could still change the current beam indication to another one. There are the following possible issues:
· For DMRS, currently for slot based scheduling, the positions are fixed in the 3rd or 4th. If beam is changed, then non-slot based scheduling would be triggered.
· Before UE decodes DCI, it could still follow previous beam indication for data buffer. If beam is changed in the DCI, then the buffered data need to be abandoned.
· The gap between control and data should be reported to the network by the UE.
· For non-slot based scheduling, UE could also follow the currently effective NR-PDSCH Rx beam. Beam could still be changed with DCI. The corresponding NR-PDSCH could start right after the control if beam is not changed. 
· The gap between control and data should be reported to the network by the UE.
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Figure 3: beam indication timing
Proposal 2: 

· DCI based beam indication could be effective not only for the currently scheduled transmission, but also for the following slot based, non-slot based and self-contained slot based transmission, unless new indication is notified. 

· The beam indication is effective after the corresponding ACK is confirmed.
Proposal 3:
· UE should report NR-PDCCH processing capability to the network, i.e. within how many symbols DCI could be decoded. 
· The corresponding transmission could only start after UE decode the DCI.
3. Conclusion

In this contribution, beam indication is discussed, and the following proposals are given:
Proposal 1: 

· Consider the following ways of beam indication overhead reduction
· Beams are grouped into different sets;
·  Beam set are implicitly indicated by other signalling, like RI, NR-PDCCH detection symbol, etc.
Proposal 2: 

· DCI based beam indication could be effective not only for the currently scheduled transmission, but also for the following slot based, non-slot based and self-contained slot based transmission, unless new indication is notified. 

· The beam indication is effective after the corresponding ACK is confirmed.
Proposal 3:
· UE should report NR-PDCCH processing capability to the network, i.e. within how many symbols DCI could be decoded. 

· The corresponding transmission could only start after UE decode the DCI.
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