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Introduction
Pertinent agreements made on beam indication on PDSCH in RAN1 #90bis[1] can be summarized as follows:
	Summary of agreements:
· For the case when at least spatial QCL is configured/indicated, support higher-layer UE-specific configuration of whether or not TCI field is present in DL-related DCI
· Not present: No dynamic indication of QCL parameters for PDSCH is provided in DL-related DCI
· For PDSCH, UE applies higher-layer signalling of QCL parameters/indication for determining QCL parameters (details: FFS) except for the case of beam management without beam-related indication (ref:Annex) where no spatial QCL parameters are higher layer configured
· Present: Details on Slide 7.
· Proposed candidate solutions should consider
· Below and above 6GHz DL beam related operation with and without beam indication  
· Downlink beam management with and without beam indication (ref Annex)

· For the case when at least spatial QCL is configured/indicated, NR supports the beam indication for PDSCH as follows, if TCI field is present:
· The TCI field is always present in the associated DCI for PDSCH scheduling irrespective of same-slot scheduling or cross-slot scheduling.
· If the scheduling offset < threshold K: PDSCH uses a pre-configured/pre-defined/rule-based spatial assumption (details: FFS)
· FFS: The other QCL parameters are still obtained from the N-bit TCI state field in the DCI.
· FFS: How to update pre-configured/pre-defined spatial assumption (if applicable)
· Threshold K can be based on UE capability only if multiple candidate values of K are supported. 
· If the scheduling offset >= threshold K: PDSCH uses the beam (spatial QCL parameter) indicated by the N-bit TCI field in the assignment DCI.

Agreement from email discussion [90b-NR-17]
· NR supports a mechanism to identify the spatial QCL if the offset between the time of reception of DL assignment for the PDSCH and time of reception of PDSCH is less than Threshold-Sched-Offset. 
· FFS: if the identification requires explicit RRC signalling or rule based.




In this contribution, we present our views on remained details on beam indication for downlink data channel. Specially, we will discuss the spatial QCL configuration for PDSCH and threshold for scheduling offset.
Spatial QCL reference for PDSCH 
If the scheduling offset between the assignment DCI and scheduled PDSCH is too small, the UE cannot use the spatial QCL signal by the N-bit TCI filed in the assignment DCI to buffer the scheduled PDSCH because of the latency of decoding DCI and then obtaining the spatial QCL assumption carried in the DCI. As we agreed, the UE should use spatial QCL assumption configured by some other mechanism. A few alternatives for the design will be discussed and compared in section.
Alt#1 is that the UE can assume the spatial QCL assumption of that PDSCH is same to the spatial QCL reference configured to the CORESET where the corresponding assignment DCI is transmitted. This alternative has some technical issue when multiple CORESETs are configured to one UE. Different spatial QCL reference can be configured to different CORESET. The UE would not be able to know which CORESET it should follow for the spatial QCL information. For example, a UE is configured with two CORESETs in one slot on different OFDM symbols and each CORESET is configured with its own spatial QCL reference. Before the UE completes the DCI decoding, the UE does not know which CORESET schedules that PDSCH and thus the UE does not know which CORSET he should use to buffer the PDSCH.
Alt#2 is to let the UE to use the spatial QCL signaled by the previous DCI. This alt has a technical issue of reliability. The transmission of DCI is not protected by HARQ. For the PDSCH scheduled by n-th DCI, the UE is supposed to use the spatial QCL reference configured by the (n-1)-th DCI. If the (n-1)-th DCI is not received correctly by the UE, the UE would assume he should use the spatial QCL reference signaled bu the (n-2)-th DCI because he is not aware of the transmission of (n-1)-th DCI. However, on the other hand, the gNB is not aware of that (n-1)-th DCI is not received correctly and so the gNB would transmit the PDSCH with with the spatial QCL assumption signaled by (n-1)-th DCI. This issue would be more severe in multi-TRP transmission. 
Alt#3 is to use high layer signaling to configure a TCI state for the spatial QCL assumption. In our view, this design is a simple and clean method. It does not have all the technical issues of the other alternatives. 
Therefore, we propose the following method for the spatial QCL assumption for PDSCH:
Proposal 1: If the offset between the time of reception of the DL DCI and the reception of PDSCH is below Threshold-Sched-Offset, the UE applies one TCI state indicated by high layer signalling which is used to provide the spatial QCL reference for receiving its PDSCH. In such a case, the UE determined the remaining QCL parameters through the same TCI state indicated by high layer signalling.
Scheduling offset threshold
When one PDSCH scheduling assignment DCI carries one TCI field that provide the beam indication to the PDSCH scheduled by the same DCI, because of the 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. 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
Therefore, as we agreed, a special spatial QCL assumption can be used by the UE to receive the PDSCH when the scheduling offset is too small. For the scheduling offset threshold, one solution is to define a fixed threshold value for all the possible UEs. But the UE capability might vary very much. High-end UEs has high power processing unit and they can complete DCI decoding and obtaining the spatial QCL configuration within very short time. On the other hand, low-end UEs might take a much longer time to complete the DCI decoding and obtaining the spatial QCL configuration. If only one fixed threshold value is defined, that value should be large enough to cover all the possible UE capability levels. That would be a big limitation to high-end UEs. Another solution is per-UE threshold. A small threshold value can be used for high-end UE while a larger threshold value can be used for low-end UE. To assist gNB to configure proper offset threshold, 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.
Proposal 2: The parameter Threshold-Sched-Offset is indicated via UE capability signalling and NR supports UE to report the number of slots which is required for the UE to complete the DCI decoding and obtain the spatial QCL reference. 
No beam indication for PDSCH
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 3: NR supports UE to report whether beam indication for downlink transmission is needed or not.
Conclusions
In this contribution, Samsung’s view on beam indication for PDSCH in new radio interface (NR) is presented. The following proposals are made:
Proposal 1: If the offset between the time of reception of the DL DCI and the reception of PDSCH is below Threshold-Sched-Offset, the UE applies one TCI state indicated by high layer signalling which is used to provide the spatial QCL reference for receiving its PDSCH. In such a case, the UE determined the remaining QCL parameters through the same TCI state indicated by high layer signalling.
Proposal 2: The parameter Threshold-Sched-Offset is indicated via UE capability signalling and NR supports UE to report the number of slots which is required for the UE to complete the DCI decoding and obtain the spatial QCL reference. 
Proposal 3: NR supports UE to report whether beam indication for downlink transmission is needed or not.
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