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1 Introduction  
Beam indication for CSI-RS has been discussed and the following agreements have been reached [1]: 
· Indication of QCL between the antenna ports of two CSI-RS resources is supported.

· By default, no QCL should be assumed between antenna ports of two CSI-RS resources.

· Partial QCL parameters (e.g., only spatial QCL parameter at UE side) should be considered. 

· For downlink, NR supports CSI-RS reception with and without beam-related indication,

· When beam-related indication is provided, information pertaining to UE-side beamforming/receiving procedure used for CSI-RS-based measurement can be indicated through QCL to UE

· QCL information includes spatial parameter(s) for UE side reception of CSI-RS ports 

· FFS: information other than QCL

Beam indication for PDSCH has been discussed and the following agreements have been reached [2]: 
· For reception of unicast DL data channel, support indication of spatial QCL assumption between DL RS antenna port(s) and DMRS antenna port(s) of DL data channel: Information indicating the RS antenna port(s) is indicated via DCI (downlink grants)

· The information indicates the RS antenna port(s) which is QCL-ed with DMRS antenna port(s) 

· FFS: Indication details

· E.g. explicit indication of RS port/resource ID, or implicitly derived 
Beam indication for PDCCH has been discussed and the following agreements have been reached [3]: 
· 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
In this contribution, DL beam indication procedure for CSI-RS, DL control and data channels is elaborated here.  
2 Beam indication for control and data channel

2.1 Beam related configuration for CSI-RS resource
CSI-RS with and without beam-related indication has been supported in NR. Regarding initial DL beam management, beamformed CSI-RS without beam–related indication or with indication via spatial QCL assumption with SS block would be initiated for beam sweeping. Through beam measurement and reporting, candidate beams through beamformed CSI-RS ID(s) are selected to establish one CSI-RS index pool for beam indication. 
· One pool of all configured CSI-RS resources to the UE is configured by TRP(s) through RRC configuration of multiple resource settings.  Each resource setting may refer to different time domain behavior, e.g. periodic, semi-persistent, aperiodic, etc.
· Subsequently different CSI-RS resource(s) from the CSI-RS resource pool are selected to form one or multiple CSI-RS resource set(s) in each of the CSI-RS resource settings. Each resource set in a resource setting contains CSI-RS resource IDs of the configured CSI-RS resources in the resource setting [4].
· After beam measurement and reporting, some beams are determined as one CSI-RS index pool for the subsequent RS beam related configuration as well as beam indication for data and control channel. The indicators for these beams: CSI-RS resource setting ID + CRI. One example for CSI-RS index pool is shown in Table 1.
  Table 1 Format for CSI-RS index pool
	ID in CSI-RS index pool
	RS indicators for its associated Tx beams

	0
	(CSI-RS resource setting ID0 , CRI0)

	1
	(CSI-RS resource setting ID1 , CRI1) 

	…
	

	15
	(CSI-RS resource setting ID15, CRI15)


Proposal 1: To configure one CSI-RS index pool for beam indication through RRC signaling.
After initial beam management, CSI-RS resource(s) can be configured with beam indication corresponding to selection from the CSI-RS index pool, which means that antenna port(s) of the configured CSI-RS resources and that of the indicated CSI-RS resources from the pool fulfill the spatial QCL assumption. In other words, these ports of CSI-RS resource(s) are configured to be spatial QCLed with the port(s) of CSI-RS resources indicated by the selected element from CSI-RS index pool. Also these CSI-RS resource(s) configured with spatial QCL assumption(s) can be reused for beam management, like P-2 or P-3. Therefore, CSI-RS resource setting at least contains the field of spatial QCL assumptions, which is to indicate ID element(s) from CSI-RS index pool.

Proposal 2: The spatial QCL assumption for ports of CSI-RS resource(s) is configured in CSI-RS resource setting, through indicating ID(s) from one CSI-RS index pool.  
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Figure 1 CSI-RS index pool for beam indication

2.2 Multi-stage indication for data channel
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 timing of 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 RS index pool via RRC signaling;

Step 2 – Activate/De-activate:    TRP activates or de-activates RS ID(s) via MAC-CE signaling;

Activating or de-activating RS ID(s) is based on the TRP-side beamforming capability and resource allocation. The activated RS ID(s) would be dynamically combined and configured into PQI parameter set for QCL indication w.r.t. spatial Rx parameter, as shown in the Table 2. 
Step 3 – Indicate:    TRP indicates one PQI for DMRS port group(s) via DCI signaling;

The PQI index configured by step-2 would be contained in this DCI signaling for beam-related indication.   
This multi-stage indication for QCL among RS can efficiently fulfill these requirements of configuration/indication flexibility and lower signaling overhead especially for DCI. 

· RRC signaling for configuration/reconfiguration is to fulfill various UE/TRP beamforming capability, UE requirements and physical channel properties. After long term beam-related UE reporting, one or several possible beamforming schemes for subsequent data transmission can be configured or reconfigured accordingly. The configured/reconfigured information may have relatively large amount of configuration message but with higher latency tolerance which is suitable for RRC signaling.

· MAC-CE signaling for activating/deactivating is to support candidate transmission scheme selection with flexibility. Compared to RRC signaling, MAC-CE is fast enough to adapt to short term beam reporting. Portion or all of CSI-RS ID(s) are activated by TRP(s) with low latency tolerance, considering MU-MIMO scheduling or interference coordination. Also, the TRS resource(s) associated with activated CSI-RS ID is activated for QCL association w.r.t. Doppler shift, Doppler spread, average delay, and delay spread accordingly. Meanwhile, the activated CSI-RS IDs are combined and configured for activated PQI setting, where the mapping between the activated CSI-RS IDs and DMRS port groups are configured [5]. If the index for the periodic or semi-persistent CSI-RS is configured, the measurement restriction window ID should be added accordingly.  

· DCI signaling for indication from activated PQI. Through above mentioned first and second stages, the available subset would be limited but should be indicated with real-time requirement like supporting dynamic resource allocation and selection of final transmission schemes. Therefore, DCI signaling is well-suited for this final beam indication.  
Table 2 NR-PQI configuration
	PQI Parameters
	QCL w.r.t, spatial RX parameter
	TRS
	…

	ith parameter set
	DM-RS port group i1
	CSI-RS index i1 from the RRC configured pool (+MR ID1 if periodic/semi-persistent CSI-RS)
	TRS index i1
	…

	
	DM-RS port group i2
	CSI-RS index i2 from the RRC configured pool (+MR ID2  if periodic/semi-persistent CSI-RS)
	TRS index i2
	…
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Figure 2 Multi-stage DL beam indication for QCL among RS ports
Additionally, in order to change DL data channel beams directly in the case of unexpected channel blockage, it should be considered that DCI signal can indicate some RS ports/resource ID with some constraint, like from latest N configured RS ports/resource, taking into account DCI overheads.
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 3:  
· NR supports N RRC-configured PQI parameter sets to support joint indication of PDSCH RE mapping and QCL information.
· Each PQI parameter set contains PDSCH RE mapping and QCL information of up to 2 DMRS port groups, NZP CSI-RS resource(s) for CSI acquisition.
· Activation/deactivation by MAC-CE is supported to activate CSI-RS indices from CSI-RS index pool and M PQI parameter sets out of N PQI parameters set, where M<=N. 
· Each DMRS port group per activated PQI parameter set is configured with one or more activated CSI-RS indices from CSI-RS index pool for QCL association w.r.t . spatial Rx parameter.

· Each DMRS port group per activated PQI parameter set is associated with the configured TRS resource(s), which are associated with the activated CSI-RS indices, for QCL association w.r.t. Doppler shift, Doppler spread, average delay, and delay spread.    
· DCI signaling of Ceil(log2(M)) PQI bits is used to select one PQI parameter set out of M activated PQI parameter sets.  
2.3 Effective window of DCI-based beam indication for DL data channel
With large number of antenna elements, Tx-Rx beams can be essentially regarded as spatial filters and selection/indication of Tx-Rx beams should be optimized with UE/TRP beamforming capability, gradual/abrupt changes of channel properties, MIMO transmission schemes and TRP resource allocation. Without doubt, minimizing the delay of effective time of beam indication signaling would be beneficial for improving flexibility of TRP scheduling and system performance, especially for self-contained subframe architecture. To be more specific, there exist two solutions for effective time of beam indication:

· Beam switching within the same slot as beam indication signaling;

For digital beamforming, beam switching can be achieved even after the entire subframe is received and buffered.  The UE can decide the digital receive beam based on the channel estimation from DMRS.

In the contrast, for analog/hybrid beamforming, the generation of Rx beams is based on analog phase shifters, which means the UE has to decide its analog receive beam before receiving and buffering the data in baseband.  Therefore beam switching should happen at least later than the demodulation of its corresponding DCI signals. One effective solution for this issue is to introduce a beam switch or scheduling delay between DCI and its associated data channel or DMRS. For example, DCI containing beam indication would be expected to be located in the first OFDM symbol of DL control channel as shown in Figure 3.  The DMRS for this UE with beam indication can be allocated in symbol 4 so that it has a two symbol gap between DMRS and DCI for this UE.  These two symbols (i.e. symbols 2 and 3) can be used for control channel and DMRS for other users if there are other scheduled users.  This is based on the assumption that two symbols are sufficient for the UE to decode the DCI and apply the receive beam according to the beam indication in DCI.
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Figure 3 Resource scheduling for supporting beam switching within the same subframe as indication signaling
· Beam switching at the next or later slot for beam indication signaling


In this option, beam switching is done after the slot of beam indication signaling, i.e., at N+X slot which leave more time for the UE to decide the receive beam after beam indication.  For N to N+X-1 slots, beam assumption has remained as before.  This kind of switching delay may impact the effectiveness of beam switching especially in the cases of channel blockage and UE mobility, e.g., high-speed UE movement and quick UE rotation.  
Taking into account that beam(s) might be long-term instead of short-term parameter in some cases, more than one continuous slots can be bundled for sharing the same beam indication signaling (e.g., as well as its transmission schemes) for slow time-varying channel in order to save DCI overhead. To be more specific, 
· Tx DL beam(s) is either kept unchanged or at least sharing the same QCL within one bundled unit
· Note that there are two options of bundling.  Tight bundling refers to the option where the tx beam is the same in the bundled slots.  Another option of more relaxed bundling is the beams in the bundled slots are QCL’ed.  In this case, the latter option is sufficient.
· Beam indication at any one of subframes of N′slot-bundling would become effective for these sub-frames from N′+ X′ slot bundling, e.g., X′=1
Even it requires dynamic beam switching in some slots, default beam can be preconfigured by higher layer signaling in one effective window as proposed in [6].  Then if there is beam change, DCI signaling is indicated.   
Proposal 4: For beam indication for DL data channel, beam switching by beam indication within the same slot as its DCI signaling is supported.  Slot-bundling configuration for DL beam(s) is supported in NR. 
2.4 Configuration for the DL control channel transmission
DCI in the earlier DL control channel or higher layer signaling is used for the configuration for the latter DL control channel, and there naturally exists at least one slot/TTI delay between them. Therefore, the demodulation delay of DCI beam indication information does not become one serious issue for DL control channel.  
Different from data channel whose configuration could be indicated by DL control channel dynamically, how the DL control channel is configured needs to be carefully studied. Since the DL control channel should be fit for variable of scenarios and use cases, different beam width or group of beam or transmission scheme may be used for different scenario or use case, thus it is better to configure the transmission of DL control channel with some flexibility, e.g. through certain signaling indication. 
Besides, some time patterns may be used for DL control channel with different configurations such as different Tx-Rx beam(s) and different transmission schemes. The time patterns can be predefined or configured in a semi-static way. Take an example that there are multiple transmission schemes being for DL control channel transmission in Figure 2, time pattern 1 containing slot 1, 4 and 7 in each sub-frame is assumed for DL control channel transmission based on Transmission scheme 1, and the remaining slots in each sub-frame is assumed for DL control channel transmission based on Transmission scheme 2. It should be noted that the time pattern here can be considered as symbol-level time unit in order to support more dynamic configuration of DL control channel.  Different transmission schemes means different QCL association may be needed.

[image: image4.emf]Transmission scheme 1

Transmission scheme 2

Slot:

    0        1          2         3         4         5          6          7         8          9


Figure 4 Time pattern for different Tx beam(s) and transmission scheme(s) for DL control channel
Proposal 5: The configuration with some flexibility for DL control channel should be considered on account of scheduling restriction for gNB. 

· Slot-level time pattern can be supported for DL control channel with different QCL assocations.
· FFS: Symbol-level time pattern for DL control channel transmission for more dynamic configuration of DL control channel.
3 Conclusion

In this contribution, beam indication for DL beam management are discussed and studied here. The following observation is summarized as below:
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. 
Based on the analysis on beam reporting and indication, we have the following proposal:
Proposal 1: To configure one CSI-RS index pool for beam indication through RRC signaling.

Proposal 2: The spatial QCL assumption for ports of CSI-RS resource(s) is configured in CSI-RS resource setting, through indicating ID(s) from one CSI-RS index pool.  
Proposal 3:  
· NR supports N RRC-configured PQI parameter sets to support joint indication of PDSCH RE mapping and QCL information.
· Each PQI parameter set contains PDSCH RE mapping and QCL information of up to 2 DMRS port groups, NZP CSI-RS resource(s) for CSI acquisition.
· Activation/deactivation by MAC-CE is supported to activate CSI-RS indices from CSI-RS index pool and M PQI parameter sets out of N PQI parameters set, where M<=N. 
· Each DMRS port group per activated PQI parameter set is configured with one or more activated CSI-RS indices from CSI-RS index pool for QCL association w.r.t . spatial Rx parameter.

· Each DMRS port group per activated PQI parameter set is associated with the configured TRS resource(s), which are associated with the activated CSI-RS indices, for QCL association w.r.t. Doppler shift, Doppler spread, average delay, and delay spread.    
· DCI signaling of Ceil(log2(M)) PQI bits is used to select one PQI parameter set out of M activated PQI parameter sets.  

Proposal 4: For beam indication for DL data channel, beam switching by beam indication within the same slot as its DCI signaling is supported.  Slot-bundling configuration for DL beam(s) is supported in NR.  
Proposal 5: The configuration with some flexibility for DL control channel should be considered on account of scheduling restriction for gNB. 

· Slot-level time pattern can be supported for DL control channel with different QCL associations.
· FFS: Symbol-level time pattern for DL control channel transmission for more dynamic configuration of DL control channel.
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