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Introduction
In this contribution, we present Samsung’s views on various remaining issues of DL and UL multi-beam operation, including default beam for PUCCH during beam failure recovery, the triggering and transmission of AP CSI-RS, TCI states for PDSCH and a few other issues.
Discussions
1 
2 
Issue Related with Beam Failure Recovery
The issue on PUCCH transmission during beam failure recovery was discussed in RAN1#94 [1]. It was proposed that the UE can apply a default Tx beam on PUCCH channel after the gNB response to beam failure recovery request is received. The argument for that was when the beams for PDCCH fail, the beams for PUCCH would fail too. There are some technical concerns on that design: (1) The Tx beam for PDCCH (through TCI states) and the UL Tx beam for PUCCH (through spatialRelationInfo) are configured and indicated separately. The UL Tx beam for PUCCH does not have any association with that of PDCCH. Therefore, forcing the UE to switch PUCCH Tx beam seems be based on unjustified reason and might be overkill design; (2) It could result in extensive unnecessary re-configuration/indication signalling overhead. Each UE can be configured with up to 128 PUCCH resources and MAC-CE message is used to activate spatialRelationinfo for each PUCCH resource individually. Forcing UE to switch Tx beam on all PUCCH resources would result extra up to 128 MAC-CE messages to re-indicate the Tx beams for all PUCCH. Therefore, we make the following proposal:   
Proposal 1: The number of PUCCH resources that the UE shall apply some ‘default’ Tx beam during beam failure recovery procedure shall be limited to avoid extensive RRC and MAC-CE configuration and re-configuration signalling.
In beam failure recovery, a UE is with two RS sets, beam failure RS set and new candidate beam RS set. When beam failure is declared, the UE shall report one or more CSI-RS resources indices and/or SS/PBCH block indices from new candidate beam RS set, one of which will be used as the Tx beam for gNB reponse transmission. If the beam failure RS set and new candidate beam RS set have some overlap, the UE could choose a new beam that is in both sets because different metrics are used for beam failure detection and new beam identification. To avoid choosing an already-failed beam as new candidate beam, the UE should not choose one RS ID that is in both sets as the new candidate beam for beam failure request transmission.
Proposal 2: The PHY layer shall not report a beam that is contained in both beam failure RS set and new candidate beam RS set to higher layers.
After sending beam failure recovery request, the UE monitors the BFR search space for gNB’s response. In the current design, any DCI format with CRC scrambled by C-RNTI received from that search space is defined as the gNB’s response to one beam failure recovery request. We can notice that the only use case for this dedicated defined beam failure CORESET is to schedule some downlink and uplink transmission used to transmit the higher layer message to re-configure the QCL configuration for those failed ‘normal’ CORESETs. Therefore, we propose to only monitor DCI formats 0_0 and 1_0 on beam failure CORESET. That reduces the UE complexity and a fall back DCI format is sufficient to schedule DL or UL transmission to re-configure the PDCCH QCLs.
Proposal 3: The UE only monitors DCI format 0_0 and 1_0 in BFR-search space.
The following table provides the corresponding text proposal for Proposals 2 and 3:
	Text proposal for Proposals 2 and 3:
In TS 38.213
Section 6 Link Reconfiguration Procedures
… 


Upon request from higher layers, the UE provides to higher layers the periodic CSI-RS configuration indexes and/or SS/PBCH block indexes from the set  and the corresponding L1-RSRP measurements that are larger than or equal to the Qin,LR threshold. The reported periodic CSI-RS configuration indexes and/or SS/PBCH block indexes shall not be one CSI-RS configuration index or SS/PBCH block index contained in set .
…



The UE may receive by higher layer parameter PRACH-ResourceDedicatedBFR, a configuration for PRACH transmission as described in Subclause 8.1. For PRACH transmission in slot  and according to antenna port quasi co-location parameters associated with periodic CSI-RS resource configuration or with SS/PBCH block associated with index  provided by higher layers [11, TS 38.321], the UE monitors PDCCH in a search space set provided by higher layer parameter recoverySearchSpaceId for detection of a DCI format 0_0 or 1_0 with CRC scrambled by C-RNTI or MCS-C-RNTI starting from slot  within a window configured by higher layer parameter BeamFailureRecoveryConfig. …



AP CSI-RS for Beam Measurement
In RAN1#94, we agreed that AP CSI-RS for CSI acquisition can be triggered with triggering offset smaller than some threshold but that threshold is not decided yet. In our view, that threshold shall be the threshold for scheduling offset, Threshold-Shed-Offset, that the UE reports in UE capability. The UE reported Threshold-shed-Offset is due to the DCI decoding latency and the fact that the UE shall switch the proper analog Rx beam on current air time. This limitation is applicable to both PDSCH and AP-CSI-RS, both of which are dynamically indicated by a DCI. When the AP CSI-RS is transmitted before the Threshold-shed-Offset, the UE shall apply a default QCL assumption because of the same reason as UE receiving PDSCH. Therefore, the UE shall apply the same default QCL assumption on AP CSI-RS in that case.    
Proposal 4: The threshold is the Threshold-Shed-Offset that is reported as UE capability and if the triggering offset for AP-CSI-RS for CSI acquisition is less than Threshold-Shed-Offset, the UE shall apply the same default QCL assumption as that of PDSCH.
In contrast with CSI-RS for CSI acquisition, the AP CSI-RS for beam management is used for the UE to measure the quality of various Tx beams and then select the proper Tx beam for downlink channels. Furthermore, the UE can find the ‘best’ Rx beam for each Tx beam. Considering that CSI-RS for beam management is used as spatial QCL source for other signals and channels, we shall ensure the UE measures the correct Tx beam as configured and avoid introducing some ‘random’ QCL assumption on those CSI-RS resources. Therefore, the gNB shall not schedule AP CSI-RS for beam management with triggering offset less than the UE reported Threshold-shed-offset.
Proposal 5: For AP-CSI-RS for beam management, the UE shall expect that the triggering offset shall not be smaller than the UE reported Threshold-Shed-Offset.
TCI states for PDSCH
The QCL assumption including spatial QCL configuration for a PDSCH is dynamically indicated through the Transmission configuration indication field in downlink scheduling DCI, and the codepoint of the Transmission configuration indication field indicates one of up to 8 TCI states that are activated in MAC-CE. For one MAC-CE carrying TCI activation command, the newly activated TCI states take effect starting from slot  if the HARQ ACK for the MAC-CE is received at slot n. Thus a multi-slot PDSCH allocation could meet the scenario that the starting time moment of newly activated TCI states for PDSCH taking effect happens in the middle of one multi-slot PDSCH allocation. One example of that issues is shown in Figure 1. A 2-slot PDSCH is scheduled in slot n and slot n+1. A set of TCI states selected PDSCH takes effect starting from slot n+1 due to MAC-CE activation command was sent earlier. The issue is which candidate TCI states shall be applied to each part of that 2-slot PDSCH allocation. 
[image: ]
Figure 1
 We can consider two alternatives to resolve this issue:
· Alt1: the UE chooses the candidate TCI states per PDSCH part. In the example of Figure 1, for PDSCH part 1 in slot n, the UE chooses the candidate TCI states that are still valid in slot n and for PDSCH part 2 in slot n+1, the UE chooses the candidate TCI states that take effect starting from slot n+1.
· Alt2: the UE chooses the candidate TCI states that are valid in the first slot of one multi-slot PDSCH and apply them to all the parts of that multi-slot PDSCH. In the example of Figure 1, the UE chooses the candidate TCI states that are still valid in slot n to both PDSCH part 1 and part 2.
Both Alt1 and Alt2 have pros and cons. Alt1 ensure we follow the timeline of TCI states activation but it causes discontinuity of Tx beam within one PDSCH, therefore, the benefit of multi-slot PDSCH transmission could be impaired. On the other hand, Alt2 can ensure same Tx beams are applied to all the parts in one PDSCH but need UE to do special processing on multi-shot PDSCH when the above scenario happens. By comparing pros of cons, Alt2 is preferred.
  Proposal 6: For multi-slot PDSCH, the indicated TCI state is based on candidate TCI states in the first slot where the multi-slot PDSCH is scheduled.
Beam indication for PUCCH and PDCCH
The spatial relation for a PUCCH resource is configured in the RRC parameter PUCCH_SpatialRelationInfo and if MAC-CE message is used to activate one if multiple RS IDs are configured. We need specify the UE behaviour during the ambiguity period between one RRC configuration/re-configuration and the subsequent MAC-CE activation. There are basically two alternatives on the UE behaviour:
· Alt1: using the one particular entry, for example 1st entry, in PUCCH-SpatialRelationInfo. In our view, the issue for this method is the RRC layer has to pay special consideration on the 1st entry in the configuration to ensure the UE can use it immediately. Multi-beam operation is a L1/L2 operation and RRC layer should not be involved in beam selection/indication. 
· Alt2: using the most recent Tx beam activated for a PUCCH resource or the Tx beam of msg3. For one PUCCH resource, if the RRC configuration for this PUCCH resource is initial RRC configuration, there is no previous activated Tx beam and the UE can use the Tx beam used to transmit RACH msg3. If the RRC configuration for this PUCCH resource is RRC re-configuration. In this case, there exists a previously activated Tx beam and thus the UE can continue to use the most recently activated Tx beam until a new MAC-CE activation message is received.       
Alt2 is preferred because (1) the beam indication shall be part of L1/L2 function but not part of RRC layer; (2) Alt2 can result in smooth beam switching while Alt1 could result in sudden beam change. 
Similar to PUCCH, the spatial QCL for PDCCH is set up through configuring one or multiple TCI states to a CORESET and one TCI state is selected through MAC-CE activation message if multiple TCI states are configured. For PDCCH, we also need specify the UE behaviour during the ambiguity period between one RRC configuration/re-configuration and the subsequent MAC-CE activation. We propose to apply the same behaviour as PUCCH for the default UE behaviour on PDCCH spatial QCL determination during the ambiguity period. 38.213[3] has the specification on the UE behaviour during ambiguity between RRC initial configuration and MAC-CE activation. For the UE behaviour between RRC re-configuration and MAC-CE activation, we make the following proposal:   
Proposal 7: 
· During the period between the RRC configuration with multiple entries and MAC-CE activation, the UE shall apply the Tx beam as follows: The Tx beam used to transmit msg3 in RACH for the PUCCH for the case of RRC initial configuration and the most recently activated Tx beam or TCI state for the case of RRC re-configuration. 
· During the period between the RRC re-configuration of TCI-statesPDCCH with multiple TCI states and MAC-CE activation, the UE shall assume the TCI state activated by the most recent MAC-CE activation.
The following table provides the corresponding text proposal for Proposal 7:
	Text proposal for Proposal 7:
In TS 38.213
Section 9.2.2 PUCCH Resource sets
…
A spatial setting for a PUCCH transmission is provided by higher layer parameter PUCCH-SpatialRelationInfo if the UE is configured with a single value for higher layer parameter pucch-SpatialRelationInfoId; otherwise, if the UE is provided multiple values for higher layer parameter PUCCH-SpatialRelationInfo, the UE determines a spatial setting for the PUCCH transmission as described in [11, TS 38.321]. If higher layer parameter PUCCH-SpatialRelationinfo in initial configuration provides multiple values, the UE shall transmit PUCCH using the same spatial domain transmission filter as for the Msg3 PUSCH transmission before a selection command for the value of PUCCH-SpatialRelationinfo is received. If higher layer parameter PUCCH-SpatialRelationinfo in re-configuration provides multiple values, the UE shall transmit PUCCH using the same spatial domain transmission filter as that received in the most recent selection command. The UE applies corresponding actions in [11, TS 38.321] and a corresponding setting for a spatial domain filter to transmit PUCCH 3 msec after the slot where the UE transmits HARQ-ACK information with ACK value corresponding to a PDSCH reception providing the PUCCH-SpatialRelationInfo.

Section 10.1
…
If a UE has received initial configuration of more than one TCI states for PDCCH receptions by higher layer parameter TCI-States but has not received a MAC CE activation command for one of the TCI states, the UE assumes that the DM-RS antenna port associated with PDCCH receptions is quasi co-located with the SS/PBCH block the UE identified during the initial access procedure. If a UE has received a re-configuration of more than one TCI states by higher layer parameter TCI-States but has not received a MAC CE activation command for one of the TCI states, the UE assumes that the DM-RS antenna port associated with PDCCH reception is quasi co-located with the TCI state activated by the most recent MAC CE activation command. 


 
SRS for beam measurement
In the current design, each SRS resource can be configured with spatialRelationInfo which indicates the UL Tx beam. For UL beam management, the UE can be configured with one or more SRS resource sets and each set has multiple SRS resources. In regard of the SpatialRelation configuration to SRS resources in one set, we have the following possible cases:
· Case 1: All the SRS resources in one set are configured with spatialRelationInfo.
· Case 2: None of the SRS resources in one set are configured with spatialRelationInfo;
· Case 3: In one set, some SRS resources are configured with spatialRelationInfo and other SRS resources are not configured 
The spatialRelationInfo is used for the UE to determine the Tx beam on SRS transmission. For uplink beam measurement, proper Tx beam sweeping on SRS resources is needed. However, the current design does not clearly specify the UE behaviour for the case 2 and 3 listed above. Specially, when one SRS resource is not configured with spatialRelationInfo, the UE behaviour is not clear. Therefore, we propose to clarify the UE behaviour as follows:
Proposal 8: In one SRS resource set configured with higher layer parameter SRS-SetUse = “BeamManagement”, if one SRS resource is not configured with higher layer parameter spatialRelationInfo, the UE shall transmit it with a spatial domain transmission filter that is different from the spatial domain transmission filter used on transmission of any other SRS resources in the same set. 
The following table provides the corresponding text proposal for Proposal 8:
	Text proposal for Proposal 8:
In TS 38.214, Section 6.2.1 UE sounding procedure 
…
The UE is not expected to be configured with different time domain behavior for SRS resources in the same SRS resource set. The UE is also not expected to be configured with different time domain behavior between SRS resource and associated SRS resources set.

For one SRS resource set configured with higher layer parameter SRS-SetUse = “BeamManagement”:
· For one SRS resource not configured with higher layer parameter spatialRelationInfo, the UE shall transmit that SRS resource with a spatial domain transmission filter that is different from a spatial domain transmission filter used for the transmission of any other SRS resources in the same SRS resource set. 

The 2-bit SRS request field [5 TS38.212] in DCI format 0_1, 1_1 indicates the triggered SRS resource set given in Table 7.3.1.1.2-24 of [5, TS 38212]. The 2-bit SRS request field [5, TS38.212] in DCI format 2_3 indicates the triggered SRS resource set given in Subclause 7.3 of [5, TS 38.212].
…


Conclusions
In this contribution, a few issues on beam reporting, beam indication and UL beam management are discussed. Based on the discussion, the following proposals are provided:
Proposal 1: The number of PUCCH resources that the UE shall apply some ‘default’ Tx beam during beam failure recovery procedure shall be limited to avoid extensive RRC and MAC-CE configuration and re-configuration signalling.
Proposal 2: The PHY layer shall not report a beam that is contained in both beam failure RS set and new candidate beam RS set to higher layers.
Proposal 3: The UE only monitors DCI format 0_0 and 1_0 in BFR-search space.
Proposal 4: The threshold is the Threshold-Shed-Offset that is reported as UE capability and if the triggering offset for AP-CSI-RS for CSI acquisition is less than Threshold-Shed-Offset, the UE shall apply the same default QCL assumption as that of PDSCH.
Proposal 5: For AP-CSI-RS for beam management, the UE shall expect that the triggering offset shall not be smaller than the UE reported Threshold-Shed-Offset.
Proposal 6: For multi-slot PDSCH, the indicated TCI state is based on candidate TCI states in the first slot where the multi-slot PDSCH is scheduled.
Proposal 7: 
· During the period between the RRC configuration with multiple entries and MAC-CE activation, the UE shall apply the Tx beam as follows: The Tx beam used to transmit msg3 in RACH for the PUCCH for the case of RRC initial configuration and the most recently activated Tx beam or TCI state for the case of RRC re-configuration. 
· During the period between the RRC re-configuration of TCI-statesPDCCH with multiple TCI states and MAC-CE activation, the UE shall assume the TCI state activated by the most recent MAC-CE activation.
Proposal 8: In one SRS resource set configured with higher layer parameter SRS-SetUse = “BeamManagement”, if one SRS resource is not configured with higher layer parameter spatialRelationInfo, the UE shall transmit it with a spatial domain transmission filter that is different from the spatial domain transmission filter used on transmission of any other SRS resources in the same set. 
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