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Introduction
Pertinent agreements made on beam indication on data channel in RAN1 #88[1], #88bis [2] and NR#3[3] can be summarized as follows:
	Summary of agreements:
· For QCL indication for PDSCH:
· When TCI states are used for QCL indication, the UE receives an N-bit TCI field in DCI
· The UE assumes that the PDSCH DMRS is QCL with the DL RS(s) in the RS Set corresponding to the signaled TCI state
· FFS: whether or not a QCL type is configured, configuration details are for further study
·  Whether or not the TCI field is always present in a given DL-related DCI is FFS
· FFS: Whether or not the TCI field is in the same DCI as that containing the PDSCH scheduling assignment
· FFS: Timing between when the UE receives a QCL configuration/indication and the first time that the QCL assumption may be applied for demodulation of PDSCH or PDCCH
· 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 
· FFS when the indication is applied (e.g., the indication is assumed only for the scheduled PDSCH or until next indication; when the above information is included, if there should be a scheduling/beam switch offset, etc.)
· FFS: Beam indication for receiving fall back unicast PDSCH (if supported)
· Note: related signalling is UE-specific
· 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.



In this contribution, we present our views on beam indication for downlink data channel. This contribution is revised from R1-1715961. 
TCI field in DCI for PDSCH
The beam indication to a UE-specific PDSCH is signaled through a DCI. One question for the signaling TCI filed is whether we need to always signal one TCI field in a DCI for PDSCH. In our view, at least for the purpose of spatial QCL indication, including one TCI field in every DCI for PDSCH is not necessary. One reason for that is the beam selection is not expected to change so dynamically and quickly that we need to indicate the beam for in every DCI. Another reason is some UE might not have Rx analog beam sweeping capability or the UE only implement one fix Rx analog beam. Such UE does not need any spatial QCL indication for PDSCH transmission and PDCCH transmission because those UE does not need to select Rx beam.  
Proposal 1: TCI field is not always present in given DL related DCI for the purpose of beam indication.
To assist the gNB to make proper configuration of TCI for one UE, the gNB needs to know if the UE needs beam indication, i.e., if the UE support Rx analog beam sweeping. We can ask the UE to report such information to NW. Another use case of such reporting is that the gNB can use it to properly configure CSI-RS resources beam management. Based on the number of Rx analog beam sweeping at the UE side, the gNB can configure proper number of CSI-RS resources for procedure P3. If one UE does not have Rx beam sweeping capability, the gNB does not need to configure CSI-RS resources for P3.
Proposal 2: NR supports UE to report whether beam indication for UE-specific PDSCH is needed or not.
DCI decoding issue for TCI
When one PDSCH scheduling assignment DCI carries one TCI field that provide the beam indication to the PDSCH scheduled by the same DCI, there exist a concern on the timing between TCI decoding and PDSCH starting position. Due to analog beamforming, the receiver needs to finish TCI decoding and figure out the receiver analog beam based on the decoded TCI field before the starting OFDM symbol of the corresponding PDSCH allocation. Otherwise, the first few symbols of the PDSCH allocation would be buffered improperly and thus the data decoding is impaired. Furthermore, the DMRS generally transmitted on the first few symbols of one PDSCH allocation. That issue could totally impair the reception of DMRS symbol. 
If the downlink assignment is cross-slot scheduling, such issue can be released due to the sufficient time gap between the scheduling DCI transmitted at slot n and PDSCH at slot n+m. But if the downlink assignment is same-slot scheduling, the issue could be severe. An example is illustrated in Figure 1. A DCI at slot n schedules a PDSCH at the same slot to UE A. DCI is sent on symbols 0 and 1 and the PDSCH starts at symbol 2. The UE A can only finish the DCI decoding and obtaining the TCI and QCL information at symbol 3. Therefore, the UE A can only apply the proper Rx beam starting from symbol 4. The UE A meets difficulty of buffering symbols 2 and 3 for the PDSCH allocation.
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Figure 1
Observation 1: The UE with analog beamforming should know the Rx beam direction before the starting OFDM symbol of one PDSCH allocation. DCI decoding latency and UE Rx analog beam switching latency should be considered in the design of beam indication through DCI. 
One solution to resolve this issue is to use cross-slot scheduling. The DCI carrying TCI field for the scheduled PDSCH can only schedule PDSCH to different slots. However, that might impose big limitation to the system by avoiding same-slot scheduling. Another solution to resolve this issue is to use the scheduling offset. The gNB can configure enough time gap between scheduling DCI and the corresponding scheduled PDSCH so that the UE can finish DCI decoding and obtain the TCI and spatial QCL information before the starting symbol of scheduled PDSCH. This solution can remove the limitation of no same-slot scheduling. However, to assist gNB to configure proper time offset, the gNB needs to know how much time the UE needs for DCI decoding. Different UE can have different decoding capability. The UE can report such capability to help the gNB to make proper configuration for each UE.
Observation 2: Using each DCI to indicate the spatial QCL assumption for the corresponding PDSCH allocation impose challenge on UE’s DCI decoding latency. Scheduling offset and cross-slot scheduling can resolve the issue but limit the implementation and scheduling flexibility.
Proposal 3: NR supports UE to report the time length that it needs to decode the DCI and obtain the spatial QCL information as part of the UE capability.
Discussion on Timing between TCI signaling and PDSCH
In this section, we are going to discuss a few alternatives for the design of beam indication through DCI signaling for PDSCH. 
A first option is that each DCI can indicate the spatial QCL assumption for the PDSCH that scheduled by the same DCI. If the PDSCH is scheduled through cross-slot scheduling, the UE can have enough time to decode the DCI and then obtain the Rx beam information before the starting OFDM time of scheduled PDSCH. But, if the DCI and corresponding scheduled PDSCH are in the same slot, the UE might not be able to finish decoding DCI and obtain the Rx beam information before the starting OFDM symbol of PDSCH. Examples are shown in Figure 1. The DCI in slot m for UE B schedules PDSCH transmission in slot m+l. The UE B can finish DCI decoding and obtain the Rx beam information before the starting time of scheduled PDSCH at slot m+l. The DCI for UE A schedules a PDSCH at the same slot n. The UE A may not be able to finish DCI decoding and obtain the indicated Rx beam information before the starting OFDM symbol of scheduled PDSCH. Then the UE A meets difficulty to buffer the first few OFDM symbols of the PDSCH allocation. The first OFDM symbols in one PDSCH allocation contain the DMRS symbols. Improperly buffered DMRS symbols would affect the decoding of whole PDSCH allocation.
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Figure 1
Configuring a scheduling offset (a few OFDM symbols) between CORSET and the PDSCH can resolve the issue for the case of same-slot scheduling. However, that would impose limitation on the scheduling flexibility and result in waste of time-frequency resource. For those UEs that cannot obtain the Rx beam information from DCI in short time, the TRP could only implement cross-slot scheduling. In summary, using each DCI to indicate beam for corresponding scheduled PDSCH could impose great limitation on system implementation and scheduling flexibility. Furthermore, the beam applied to PDSCH is not expected to change every slot. The necessity of using each DCI to indicate beam for corresponding scheduled PDSCH does not have sufficient justification.
The second alternative is to indicate the Rx beam information to PDSCH through different methods for the cases of same-slot scheduling and cross-slot scheduling. When the DCI and its corresponding scheduled PDSCH are at two different slot, the DCI indicates dynamically the spatial QCL assumption for the corresponding PDSCH scheduled by the same DCI. When the DCI and its corresponding scheduled PDSCH are at the same slot, the beam indication for the PDSCH is not indicated through the corresponding DCI. One option is the UE can use the same Rx beam to receive PDSCH as to receive the CORESET. Another option is that the UE can use the Rx beam configured by some high layer signaling, e.g., MAC-CE signaling. The third option is that the UE can use the Rx beam indicated by one previous DCI containing beam indication, e.g., the last DCI with beam indication. Examples are shown in Figure 2. A DCI at slot n schedules a PDSCH at slot m. The DCI at slot n indicates the spatial QCL assumption for the PDSCH allocated at slot m. A DCI at slot o schedules a PDSCH at the same slot o. To buffer the PDSCH part at slot o, the UE can use the one of the following choice for Rx beam: (1) Rx beam configured by some high layer signaling; (2) Rx beam indicated by DCI sent at slot n; or (3) Rx beam to receive the CORESET at slot o. 
[image: ]
Figure 2
The third alternatives is to indicate the Rx beam information through DCI semi-statically. The spatial QCL assumption indicated in one DCI sent at slot n will be used by the UE to receive all the scheduled PDSCH starting from slot n+m (m should be ≥ 0) until a new DCI with beam indication is received. TRP can also configure a timer for each beam indication signaled through DCI. The UE can use one indicated Rx beam to receive all the scheduled PDSCH starting from slot n+m until the timer is expired or a new DCI with beam indication is received. If the timer is expired and no new beam indication is received, the UE can use one Rx beam configured by some high layer to receive the PDSCH allocation. 
Proposal 4: NR supports spatial QCL indication for PDSCH as follows:
· For cross-slot scheduling, the spatial QCL configuration for scheduled PDSCH is signaled through by the TCI field in the same assignment DCI.
· For same-slot scheduling, the spatial QCL configuration for the scheduled PDSCH is configured by other method, for example, using the spatial QCL configuration of CORESET where the assignment DCI is detected, configuring by high layer signaling.
Conclusions
In this contribution, Samsung’s view on beam indication for PDSCH in new radio interface (NR) is presented. The following observations and proposals are made:
Observation 1: The UE with analog beamforming should know the Rx beam direction before the starting OFDM symbol of one PDSCH allocation. DCI decoding latency and UE Rx analog beam switching latency should be considered in the design of beam indication through DCI. 
Observation 2: Using each DCI to indicate the spatial QCL assumption for the corresponding PDSCH allocation impose challenge on UE’s DCI decoding latency. Scheduling offset and cross-slot scheduling can resolve the issue but limit the implementation and scheduling flexibility.
Proposal 1: TCI field is not always present in given DL related DCI for the purpose of beam indication.
Proposal 2: NR supports UE to report whether beam indication for UE-specific PDSCH is needed or not.
Proposal 3: NR supports UE to report the time length that it needs to decode the DCI and obtain the spatial QCL information as part of the UE capability.
Proposal 4: NR supports spatial QCL indication for PDSCH as follows:
· For cross-slot scheduling, the spatial QCL configuration for scheduled PDSCH is signaled through by the TCI field in the same assignment DCI.
· For same-slot scheduling, the spatial QCL configuration for the scheduled PDSCH is configured by other method, for example, using spatial QCL configuration for the CORSET where the corresponding assignment DCI is detect, configuring by high layer signaling,.
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