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1.  Introduction 

In this contribution, we provide our view and analysis on remaining issues including beam indication and UL beam management.
2.  Remaining Details on Beam Indication
2.1 Number of TCI State
In RAN1 NRAH #03, following agreements related to TCI are made:
Agreements:
A UE is RRC configured with a list of up to M candidate Transmission Configuration Indication (TCI) states at least for the purposes of QCL indication

· Whether M equal to or larger than 2N is for further study, where N is the size of the DCI field for PDSCH

· FFS: Mapping between the candidate states to the states described by N bit DCI field for PDSCH

· Each TCI state can be configured with one RS Set

· Each ID (FFS: details of ID) of DL RS at least for the purpose of spatial QCL in an RS Set can refer to one of the following DL RS types:

· SSB
· Periodic CSI-RS

· Aperiodic CSI-RS

· Semi-persistent CSI-RS
To determine number of TCI states supported in NR, size of the DCI field for TCI (N) and relationship between N and number of TCI state (M) are the key questions to answer. For relationship between N and M, two alternatives are on the table: 1) M is equal to 2N 2) M is larger than 2N. If M is equal to 2N, size of field for TCI directly determines number of TCI state. On the other hand, If M is larger than 2N, more TCI states can be supported while the size of field for TCI remains the same. 
However, alternative 2 requires additional indication to point out a subset of TCI states to be used and the benefit is not so clear to us. Considering mobility UE which requires frequent beam switch to maintain its link quality, it is expected that the TCI table would be updated more frequently based on latest beam report. Newly identified beams with better quality would be updated into the TCI table either by associating the RS with an old TCI state or by establishing a new TCI state. Both alternatives have to directly modify the TCI table, and it is obvious that the 2-stage configuration in alternative 2 doesn’t bring it advantage over alternative 1. In conclusion, M equal to 2N is a better design which is simpler and still captures the advantage of low-overhead indication.
Proposal 1: Number of TCI state (M) is equal to 2N, where N is the size of DCI field for TCI.
2.2 RRC Parameter Related to TCI
In RAN1 email discussion [90b-NR-17], following agreements related to TCI are made:
Agreements:
· Support parameter Is-TCI-Present 
· Whether for the case when at least spatial QCL is configured/indicated, if TCI field is present or not present in DL-related DCI. FFS: Details on whether it is per-CORESET or per-UE configured

· Boolean

· Default is True

The parameter Is-TCI-Present is agreed to be supported in NR while whether it is per-CORESET configured or per-UE configured is left FFS. If the parameter is per-UE configured, it is likely that the functionality of Is-TCI-Present can be replaced by other parameters. For example, it is agreed that a table containing TCI states and their associated RS sets is RRC configured to UE prior to using the TCI. Whether TCI is present in DL-related DCI or not can be implicitly indicated by whether TCI table is configured or not.
Besides, we believe that parameter Is-TCI-Present informs the presence of TCI in DL-related DCI for all purposes, and this could trouble DL beam management procedures triggered by DCI. Beam management procedures such as P-2 and P-3 require help from TCI to let UE determine its Rx spatial characteristic during the procedure. In contrast, with per-CORESET configuration, DCIs for different purposes can be transmitted in different CORESETs with different Is-TCI-Present configurations. Per-CORESET configuration of RRC parameter Is-TCI-Present provides NW flexibility in implementation and thus should be supported.
Proposal 2: RRC parameter Is-TCI-Present is per-CORESET configured.
2.3 Spatial QCL Determination for PDSCH
In RAN1 #90bis, following agreements related to beam indication are made:

Agreements: (Slide 5 in R1-1719059)

· Proposal: 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 6.
· 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)
· Note: this proposal does not apply to the case of beam management without beam-related indication
Agreements: (Slide 6 in R1-1719059)

· Proposal: 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.

· Note: this proposal does not apply to the case of beam management without beam-related indication
In RAN1 email discussion [90b-NR-17], following agreements are made:
Agreements:
· 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 signaling or rule based.

· NR does not support the RRC parameter in beam management: Threshold-Sched-Offset. 

· FFS if such a parameter is included as a UE capability

In previous meeting, TCI field in DCI is identified to be missing or invalid for PDSCH under some circumstances, and above agreements are made to give some high level directions to solve this problem. Table 1 summarizes the cases that UE would encounter and corresponding guidance which UE can use to determine its spatial QCL characteristic for PDSCH. For Case 1 and Case 2 in the table, details are FFS so far.
	
	TCI is present
	TCI is not present

	Scheduling offset < threshold K
	UE uses a pre-configured/pre-defined/rule-based spatial assumption (Case 2)
	UE applies higher-layer signalling of QCL parameters/indication for determining QCL parameters (Case 1)

	Scheduling offset >= threshold K
	Use TCI in the DCI
	


Table 1: Summary on TCI presence v.s. Scheduling offset situations for PDSCH beam indication
For Case 1 in the table where TCI is not present, it is sensible that UE applies RRC or RRC + MAC CE indicated QCL parameters for PDCCH as QCL parameters for PDSCH. For PDSCH reception, periodically updated QCL reference is required to ensure the reception quality. Since there is no TCI in DL-related DCI in this case, the best candidate which can satisfy the requirement is the QCL reference for PDCCH. Maintaining quality of PDCCH is the key to prevent a link from disconnecting, and this is achieved by periodic beam measurement and report and update on spatial QCL reference when needed. As a result, the periodically updated QCL reference for PDCCH is also proper QCL reference for PDSCH.
Proposal 3: When TCI is not present in DL-related DCI, UE applies QCL parameters for PDCCH as QCL parameters for PDSCH.
For Case 2, when TCI is present but scheduling offset of PDSCH is smaller than threshold K, referring to last received TCI in DL-related DCI is preferred. Compared to QCL reference for PDCCH, TCI in DL-related DCI is specifically selected for PDSCH reception, meaning that the TCI is expected to be more beneficial for PDSCH. Figure 1 illustrates an exemplary example. In this example, the TCI in the DCI which schedules the PDSCH is not available during reception/buffering of the PDSCH. To buffer the scheduled PDSCH, previously received TCI is utilized to derive proper Rx spatial characteristic.
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Figure 1: Illustration on example of QCL reference determination when TCI is present and scheduling offset < threshold K, which is assumed to be 1 slot
One thing should be noticed is that the last TCI may be received a long time ago, and thus cannot be considered as applicable QCL reference for the incoming PDSCH. Mechanism for exception handling should be specified under such circumstance. One simple and sensible way is to follow QCL parameters for PDCCH, which is updated periodically and should provide acceptable link quality for PDSCH reception. A time window Tw is configured by NW for UE to distinguish whether a PDSCH TCI is valid or not. If the TCI Rx timing is outside of the window, QCL reference for PDCCH should be applied instead of last received TCI. Figure 2 illustrates an exemplary example and reflects the described mechanism.
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Figure 2: Illustration on example of QCL reference determination when last received TCI is outside of window Tw
Proposal 4: When TCI is present in DL-related DCI and scheduling offset of PDSCH is < threshold K, UE applies last received TCI in DL-related DCI as QCL indication for PDSCH. If time gap between last received TCI and scheduled PDSCH exceeds time window Tw, UE applies QCL parameters for PDCCH as QCL parameters for PDSCH. Tw is configured by NW.




3. Remaining Details on UL Beam Management
3.1 RRC Parameter related to SRS Transmission
In previous RAN1 meeting, following agreement is made:
Agreements:

· FFS the inclusion of the parameter Apply_Same_SpatialFilter_Mult-SRS-Resource.
The RRC parameter Apply_Same_SpatialFilter_Mult-SRS-Resource aims at providing UE guidance on determination of spatial characteristic for SRS transmission. When this parameter is set to True, a fixed spatial characteristic is applied to SRS resources within the same SRS resource set. On the other hand, when this parameter is set to False, UE should use the same spatial characteristic for SRS resources within the same set.
Apparently, when fixed spatial characteristic is applied to the whole SRS resource set, NW should inform UE the selected spatial characteristic, and thus SRS Tx beam indication should be sent to UE with no doubt. However, one thing should be emphasized is that the SRS Tx beam indication is also needed by UE when Apply_Same_SpatialFilter_Mult-SRS-Resource is set to False. Since it is likely that partial beam correspondence can be assumed at UE, local beam search is expected when SRS is transmitted for UL beam management. To enable efficient and precise local beam search, a SRS Tx beam indication is needed for UE as a reference to select proper beams for SRS transmission. In addition, with the reference SRS Tx beam indication, gNB is able to select most suitable beam for SRS reception.
In conclusion, SRS Tx beam indication is needed for SRS transmission in both U-2 and U-3 procedures, and therefore cannot be used by UE as an indication to distinguish its SRS transmission behavior, i.e., applying same spatial characteristic or not. As a result, similar to ON/OFF flag of CSI-RS resource configuration in DL beam management, the RRC parameter Apply_Same_SpatialFilter_Mult-SRS-Resource should be supported.

Observation 1: SRS Tx beam indication is needed for both U-2 and U-3 procedures. It indicates the selected Tx beam for SRS transmission in U-2 while provides a reference beam for UE to select a range of beams for local beam search in U-3. 
Observation 2: An indication other than SRS Tx beam indication is needed for UE to distinguish SRS transmission behaviour between U-2 and U-3. 
Proposal 5: Support RRC parameter Apply_Same_SpatialFilter_Mult-SRS-Resource, indicating whether UE applies same reference resource across SRS resources in a SRS resource set, where the reference resource is signaled by gNB.

3.2 UL Beam Indication for PUCCH/PUSCH
In previous RAN1 meetings, following agreements related to UL beam management are made:

Agreements:

· NR adopts the SRS Tx beam indication, i.e., by a SRS resource or by a DL RS 

· The DL RS supported at least include CSI-RS and SSB. 

· NR supports the indication of at least the spatial relations between the DL RS and the UL SRS Tx beam via at least the following mechanisms.

	Spatial parameter
	Reference RS
	Target RS
	Signalling mode

	Spatial
	SSB/CSI-RS (at least P-CSIRS and SP -CSI-RS), P-SRS

FFS: AP-CSI-RS, SP-SRS
	P SRS
	RRC



	Spatial
	SSB/CSI-RS(at least P-CSIRS and SP -CSI-RS), P-SRS/ SP-SRS

FFS:AP-SRS, AP-CSI-RS
	SP-SRS
	RRC + MAC-CE



	Spatial
	SSB/CSI-RS (at least P-CSIRS and SP -CSI-RS), P-SRS, SP-SRS, AP-SRS

Working assumption: AP-CSI-RS
	AP SRS
	RRC or RRC+MAC CE for configuration,
indication with DCI 


 FFS: The use of spatial relation across CCs and/or BWPs.

Similar to DL beam management, UL beam management also requires beam indication to help UE on determining its TX beam for UL transmissions. In previous RAN1 meetings, framework of DL beam indication is discussed extensively, and RRC configured Transmission Configuration Indication (TCI) state is agreed at least for QCL indication. According to the agreement, each TCI state can be configured with one RS Set. Therefore, with TCI state signalled to UE, UE can decide its spatial QCL reference for receiving DL transmission.

In previous meeting, mechanism for SRS Tx beam indication is agreed while beam indication for PUCCH/PUSCH is left open. For UL beam indication of PUCCH/PUSCH, especially in the case of beam correspondent UEs, it is sensible to leverage DL QCL indication framework, i.e. TCI states, as framework of UL QCL indication. For beam correspondent UEs, proper UL TX beam can be determined based on the results of DL beam management. In other words, beam correspondent UEs can derive its UL TX beam with a signalled TCI state, which provides QCL indication including spatial QCL reference found during DL beam management procedures. 


Proposal 6: NR supports using TCI states which are configured with SS-Block/CSI-RS as UL QCL indication, at least as spatial QCL indication.
In contrast to beam correspondent case, for non-beam correspondent UEs, UE’s UL TX beam cannot be determined from DL measurements and UL beam management procedures are utilized for UL beam training and selection. As a result, the measurement results of UL beam management procedures should be used for UL QCL indication, meaning that SRS resources should be utilized at least as spatial QCL reference for UL transmission. To enable this, information configured with certain SRS resource should be signalled to UE as UL beam indication.

From the experience of designing DL QCL indication framework, the low-overhead indication methodology can also be used for UL QCL indication. One straightforward way is to extend the agreements on TCI states, enabling TCI states to be configured with SRS resources in RRC message. Association between TCI state and SRS resource can be established after UL beam management procedures and then configured to UE, making SRS resource a valid spatial QCL reference. 

However, associating each TCI state with either DL beam management RS (e.g., SS-Block, CSI-RS) or UL beam management RS (e.g., SRS) does not fully utilize the capability of TCI state. For example, a table of 3-bit TCI states provides N QCL indications with DL beam management RS and 8-N QCL indications with UL beam management RS under previously described association method. On the other hand, by associating each TCI state with one DL beam management RS and one UL beam management RS at the same time, a table of 3-bit TCI states can provide 8 possible combinations of DL/UL spatial QCL indications. An exemplary table of TCI states illustrating the proposed methodology is shown in Table 2.

	2-bit TCI states
	Configured RS

	“00”
	SSB#6, SRS#3

	“01”
	CSI-RS#4, SRS#1

	“10”
	CSI-RS#1

	“11”
	SRS#4


Table 2: Exemplary TCI states where each TCI state can be associated with one DL beam management RS and one UL beam management RS
With each TCI state associated with one DL beam management RS and one UL beam management RS, which RS should be used when a TCI state is signalled can be indicated implicitly. For TCI states signalled for UL transmission, e.g. signalled in DCI with UL grant, association with UL beam management RS is adopted in first priority. If association between signalled TCI state and UL beam management RS is not configured yet, association with DL beam management RS is adopted, as TCI state “10” in Table 2. For TCI states signalled for DL transmission, association with DL beam management RS is adopted.

It is noted that one additional benefit of such TCI state mapping is that an implicit pairing between DL RS and UL RS is done. This can be beneficial when multiple DL/UL BPLs are configured. Based on DL measurement, UE can directly derive corresponding UL beam quality based on the implicit pairing.

Proposal 7: NR supports each TCI state to be configured with a combination of DL beam management RS and UL beam management RS at the same time.
















4. Conclusion

In summary, based on the above discussion we have the following observations and proposals:
Observation 1: SRS Tx beam indication is needed for both U-2 and U-3 procedures. It indicates the selected Tx beam for SRS transmission in U-2 while provides a reference beam for UE to select a range of beams for local beam search in U-3.
Observation 2: An indication other than SRS Tx beam indication is needed for UE to distinguish SRS transmission behaviour between U-2 and U-3.
Proposal 1: Number of TCI state (M) is equal to 2N, where N is the size of DCI field for TCI.
Proposal 2: RRC parameter Is-TCI-Present is per-CORESET configured.
Proposal 3: When TCI is not present in DL-related DCI, UE applies QCL parameters for PDCCH as QCL parameters for PDSCH.
Proposal 4: When TCI is present in DL-related DCI and scheduling offset of PDSCH is < threshold K, UE applies last received TCI in DL-related DCI as QCL indication for PDSCH. If time gap between last received TCI and scheduled PDSCH exceeds time window Tw, UE applies QCL parameters for PDCCH as QCL parameters for PDSCH. Tw is configured by NW.
Proposal 5: Support RRC parameter Apply_Same_SpatialFilter_Mult-SRS-Resource, indicating whether UE applies same reference resource across SRS resources in a SRS resource set, where the reference resource is signaled by gNB.
Proposal 6: NR supports using TCI states which are configured with SS-Block/CSI-RS as UL QCL indication, at least as spatial QCL indication.
Proposal 7: NR supports each TCI state to be configured with a combination of DL beam management RS and UL beam management RS at the same time.
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