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1 Introduction  
Beam related indication for data channel and control channel has been discussed [1] and the following agreements with QCL-based beam indication have been reached: 
· 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:

In this contribution, beam related indication for DL and UL beam management involving beam correspondence and non-correspondence scenarios are further elaborated for NR beam management.  
2 Discussion on DL QCL-based beam indication
The concept of beam-group based beam management is to manage beams in group basis instead of beam-by-beam basis in [2]. QCL assumption is the agreed principle for NR grouping beams sharing the same or similar channel property and Tx/Rx beamforming. (The beams sharing similar properties can be called as quasi-co-beam (QCB). The concept of QCB is introduced in [3]).  
2.1 Multi-stage indication for QCL among RS ports
Beam related indication is a dynamic procedure considering UE/TRP beamforming capability, channel properties, UE requirement and TRP resource allocation. DCI-only indication hardly supports numerous scenarios due to restriction of DCI overhead. Meanwhile, some beam-related information is long-term instead of short-term like CQI. In addition, semi-persistent CSI-RS is supported so QCL indication with respect to these semi-persistent RS should be consistent with the activation and de-activation states of the RS.  Therefore, NR should support flexible multi-stage indication for QCL among RS ports, using joint RRC, MAC-CE and DCI signaling. Its brief procedure is described as follows:

Step 1 – Configure/Reconfigure: TRP configures or reconfigures one or more RS groups via RRC signaling, where RS ports are QCLed with RS ports for beam measurement/reporting;

The implicit or explicit signaling about QCL association between RS group(s) and beam group ID reported from the recommended group-based UE reporting or RS ports for beam measurement/reporting should be contained in this RRC signaling. It is assumed that one group might contain same or different RSs but these RSs are QCLed, i.e., associated with one specific Rx beamforming.

Step 2 – Activate/De-activate:    TRP activates or de-activates RS groups via MAC-CE signaling;

Activating or de-activating RS group(s) is based on the TRP-side beamforming capability and resource allocation, although several groups have been configured according to channel properties, such as dominant propagation paths. The activated RS groups would be dynamically re-numbered which would save the signaling overhead of the subsequent dynamic indication. 
Step 3 – Indicate:    TRP indicates one or more activated RS groups via DCI signaling;

The re-numbering group IDs after step-2 would be contained in this DCI signaling for beam-related indication. These indicated RS groups are used for CSI or interference measurement, demodulation or beam recovery etc.   
This multi-stage indication for QCL among RS can efficiently fulfill these requirements of configuration/indication flexibility and low signaling overhead especially for DCI. To be more specific,

· RRC signaling for configuration/reconfiguration is to fulfill various UE/TRP beamforming capability, UE requirements and physical channel properties. After beam-related UE reporting, one or several possible beamforming schemes for subsequent data transmission can be configured or reconfigured accordingly. The configured/reconfigured information which might be large and dynamic but with latency tolerance is suitable for RRC signaling.
· MAC-CE signaling for activating/deactivating is to support TRP resource allocation with flexibility. Portion or all of RS groups are activated by TRP(s) with low latency tolerance, considering MU-MIMO or interference scheduling. This also makes it consistent with the activation and de-activation signaling of semi-persistent CSI-RS.
· DCI signaling for indication from activated group pool. Through above mentioned first and second stages, the available groups would be limited but should be indicated with real-time requirement like supporting different transmission schemes. Therefore, DCI signaling is well-suited for this final beam indication. 
Observation 1:  Multi-stage indication, involving RRC, MAC-CE and DCI, for QCL among RS ports can be capable of fulfilling various UE/TRP requirements as well as channel properties, supporting TRP resource allocation with flexibility and saving indication signaling of DCI. 
Proposal 1: It can be configured or reconfigured that one or more RS ports/port groups are QCLed with certain RS port(s)/beam group(s) for beam measurement/reporting via RRC signaling, which is analogues to LTE.
Proposal 2:  Information indicating the RS antenna port(s)/port groups which are QCLed with DMRS antenna port(s) of DL data/control channel is indicated via a combination of MAC CE and DCI. 

 
-MAC-CE is to activate/deactivate multiple RS antenna ports/port groups  
 
- DCI is to achieve indication from these activated ones.
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Figure 1 Multi-stage DL beam indication for QCL among RS ports
3 Discussions on UL QCL-based beam indication
UL beam-related beam indication should consider beam correspondence and non-correspondence scenarios, which determine whether DL beam-related information can also be used for UL beam indication or not. UL QCL-based beam indication is discussed here as follows. Some more detail on UL beam management can be found in our companion contribution [4].
With beam correspondence
UL beam indication can be achieved via being QCL’ed or QCB’ed with DL RS port(s)/group(s) in beam correspondence, which is to assist or indicate UE UL beamforming/transmission. These configured/reconfigured and activate/deactivated signaling can be transmitted by RRC and MAC-CE, respectively. One example for this case with reciprocity is presented as following figure. It should be noticed that for partial reciprocity, TRP should still indicate UL beam(s) for UE via deriving DL QCL assumption but some UL beam sweeping, i.e., U-1/2/3, should be conducted accordingly for some necessary refinement.
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Figure 2  Multi-stage UL beam indication with beam correspondence
Without beam correspondence
Taking into account that the results of DL beam management cannot be used for UL, the recommended multi-stage UL beam indication should be based on UL beam measurement via SRS-based beam sweeping. Distinguishing with DL beam management, TRP would not share the results of UL beam managements with UEs and just need to indicate UL Tx beamforming/transmission via configuring QCL assumptions between UL RS ports and RS port(s)/beam group(s) involved by UL beam measurement in NR. 
Regardless of cases with/without reciprocity, the benefits similar to DL QCL-based beam indication, including fulfilling various UE/TRP requirements as well as channel properties, supporting TRP resource allocation with flexibility and saving indication signaling of physical control channel, can be achieved accordingly.
Proposal 3: NR should support that UL RS port(s)/port group(s) are configured/reconfigured as being QCLed with certain DL RS port(s)/beam group(s) under beam correspondence.
Proposal 4:  Information indicating the RS antenna port(s)/port groups which are QCLed with DMRS antenna port(s) of UL data/control channel is indicated via a combination of MAC CE and physical control signaling. 

 
-MAC-CE is to activate/deactivate multiple RS antenna ports/port groups  
 
- Physical control signaling is to achieve indication from these activated ones.
4 Conclusion

In this contribution, beam related indication is discussed and studied for beam management. The following observation is summarized as below:
Observation 1:  Multi-stage indication for QCL among RS ports can be capable of fulfilling various UE/TRP requirements as well as channel properties, supporting TRP resource allocation with flexibility and saving indication signaling of DCI. 
Based on the analysis on the benefits of multi-stage QCL-based beam indication for DL and UL, we have the following proposals:
Proposal 1: It can be configured or reconfigured that one or more RS ports/port groups are QCLed with certain RS port(s)/beam group(s) for beam measurement/reporting via RRC signaling, which is analogues to LTE.
Proposal 2:  Information indicating the RS antenna port(s)/port groups which are QCLed with DMRS antenna port(s) of DL data/control channel is indicated via a combination of MAC CE and DCI. 

 
-MAC-CE is to activate/deactivate multiple RS antenna ports/port groups  
 
- DCI is to achieve indication from these activated ones.
Proposal 3: NR should support that UL RS port(s)/port group(s) are configured/reconfigured as being QCLed with certain DL RS port(s)/beam group(s) under beam correspondence.
Proposal 4:  Information indicating the RS antenna port(s)/port groups which are QCLed with DMRS antenna port(s) of UL data/control channel is indicated via a combination of MAC CE and physical control signaling. 

 
-MAC-CE is to activate/deactivate multiple RS antenna ports/port groups  
 
- Physical control signaling is to achieve indication from these activated ones.
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