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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 PDCCH and PUCC, beam indication for CORESET#0, necessary clarification on SRS transmission for UL beam measurement and some remaining issues in beam failure recovery. We will also discuss the answers to the questions on beam failure recovery in RAN2 LS (R2-1810807).
Discussions
1 
2 
Beam indication for PUCCH
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 and we make the following proposal:
Proposal 1: During the period between the RRC configuration of PUCCH-SpatialRelationInfo with multiple RSs 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 
· The most recently activated Tx beam for the case of RRC re-configuration.
The following table provides the corresponding text proposal for Proposal 1:
	Text proposal for Proposal 1:
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, the spatial setting is provided by higher layer parameter PUCCH-SpatialRelationInfo from a set of multiple values provided by respective higher layer parameters pucch-SpatialRelationInfoId [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 [10, 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 corresponding to a PDSCH reception providing the PUCCH-SpatialRelationInfo.



 
Beam indication for PDCCH
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 2: 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 2:
	Text proposal for Proposal 2:
In TS 38.213:
Section 10.1
…
If a UE has received initial configuration of more than one TCI states by higher layer parameter TCI-StatesPDCCH 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 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-StatesPDCCH 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. 
If the UE has received a MAC CE activation command for one of the TCI states, the UE applies the activation command 3 msec after a slot where the UE transmits HARQ-ACK information for the PDSCH providing the activation command.

…



Beam indication for CORESET#0 
CORESET#0 is configured through MasterInformationBlock. The UE can determine the configuration for CORESET#0 and the corresponding Type0-PDCCH common search space from each of the 4 bits in pdcc-ConfigSIB field in MasterInformationBlock, respectively. To receive broadcast PDSCH scheduled by CORESET#0, the UE can autonomously choose a ‘best’ SS/PBCH block and then monitor the corresponding CORESET #0 without the necessity of notifying the gNB the choice of SS/PBCH block because all the broadcast information can be repeated over all CORESET#0. In RAN1#92bis, it was agreed that unicast PDSCH can be scheduled through CORESET#0. To support that, both gNB and UE should be aware of which SS/PBCH block is the ‘best’.
The beam indication function for PDCCH and PDSCH is specified in the framework of TCI states. For a UE, the gNB configures a pool of TCI states in RRC. For each UE-specific PDCCH, RRC parameter TCI-statesPDCCH configures one or multiple TCI states from the configured TCI state pool and then MAC CE message (TCI state indication for UE-specific PDCCH MAC CE [4]) activates one for the PDCCH. To minimize the impact on the current specification, we suggest to re-use the TCI state indication for UE-specific PDCCH MAC CE [4] to indicate one SS/PBCH block index for the CORESET#0. The TCI state indication for UE-specific PDCCH MAC CE has the following structure:


Figure 1
The field “CORESET ID” has 2 bits and signals the ID of one CORESET. The field “TCI state ID” has 6 bits and indicates one TCI states configured in RRC layer. To indicate one SS/PBCH block index for CORESET#0, we can set the field “CORESET ID” to 0 and then use the field “TCI State ID” to indicate the index of one SS/PBCH block. We can see there is no need to change the definition of this CE.
Proposal 3: For unicast by CORESET#0, re-use the MAC CE message “TCI state indication for UE-specific PDCCH MAC CE” to indicate the CORESET#0 and the index of selected SS/PBCH block. 
SRS for beam measurement
[bookmark: _GoBack]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 4: 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 4:
	Text proposal for Proposal 4:
In TS 38.214, Section 6.2.1 UE sounding procedure 
…
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 11.4 of [6, TS 38.213].
…


Beam failure recovery
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, with L1-RSRP equal to or higher than the new beam identification threshold. Then the higher layer will choose one from those reported RS IDs as the new beam and indicate PHY layer to transmit beam failure recovery request on the UL resource associated with the selected new beam. The beam failure RS set and new candidate beam RS set might have some overlap on some CSI-RS resources or SS/PBCH blocks. When they 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 5: 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.
This clarification is needed to avoid some error case. For example, if the UE finds only one RS with L1-RSRP > threshold but this RS is also in beam failure RS set, the UE shall not report this RS ID to higher layer for beam failure recovery request transmission.  
The following table provides the corresponding text proposal for Proposal 5:
	Text proposal for Proposal 5:
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 corresponding thresholds. 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 .
…



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 6: The UE only monitors DCI format 0_0 and 1_0 in BFR-search space.
The following table provides the corresponding text proposal for Proposal 6:
	Text proposal for Proposal 6:
In TS 38.213
Section 6 Link Reconfiguration Procedures
…
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 [image: ] and according to antenna port quasi co-location parameters associated with periodic CSI-RS configuration or SS/PBCH block with index [image: ] provided by higher layers [11, TS 38.321], the UE monitors PDCCH in a search space provided by higher layer parameter recoverySearchSpaceId for detection of a DCI format 0_0 or 1_0 with CRC scrambled by C-RNTI starting from slot [image: ] within a window configured by higher layer parameter BeamFailureRecoveryConfig. For the PDCCH monitoring and for the corresponding PDSCH reception, the UE assumes the same antenna port quasi-collocation parameters with index [image: ] until the UE receives by higher layers an activation for a TCI state or any of the parameters TCI-StatesPDCCH-ToAddlist and/or TCI-StatesPDCCH-ToReleaseList. After the UE detects a DCI format with CRC scrambled by C-RNTI in the search space provided by recoverySearchSpaceId, the UE monitors PDCCH candidates in the search space provided by recoverySearchSpaceId until the UE receives a MAC CE activation command for a TCI state or higher layer parameters TCI-StatesPDCCH-ToAddlist and/or TCI-StatesPDCCH-ToReleaseList.
…



Furthermore, one Text proposal for section 6 in TS38.213 is proposed below:
	Text proposal for Proposal 6:
In TS 38.213
Section 6 Link Reconfiguration Procedures
…
If the UE is not provided a control resource set for a search space set provided recoverySearchSpaceId or if the UE is not provided recoverySearchSpaceId, the UE does not expect to receive a PDCCH order triggering a PRACH transmission the UE does not send PRACH transmission on resource configured by higher layer parameter PRACH-ResourceDedicatedBFR.



Support of SP CSI-RS
In FR2, transmission beam change is dynamic operation due to UE movement, interference change and blockage. However, NR Phase-1 specification allows RRC based configuration of beam information except SP SRS and SP CSI-RS. Considering such aspects, supports of SP SRS [] and SP CSI-RS [] are agreed as mandatory features. In contrast to SP SRS which shall be set to at least 1 resource, SP CSI-RS can be indicated as ‘FGI = 0’. Considering mandatory number of TCI states is 1, there’s no method to dynamically change beam information if UE does not support SP CSI-RS in downlink. 
Proposal 7: Agree to SP CSI-RS as a mandatory with capability signaling which shall be set to ‘1’.
Discussion on reply to RAN2 LS
RAN2 asked two questions on contention-free based beam failure recovery in R2-1810807.  Here are our views on the answers to those questions.
Question 1: After UE sending PRACH for contention-free BFR, does the UE continue monitoring PDCCH candidates in configured search spaces monitored before PRACH, in addition to the search space indicated by recoverySearchSpaceId?
Suggested answer: There is no RAN1 agreement that explicitly specifies the UE does not monitor old PDCCH candidates after sending contention-free BFR PRACH (i.e., the beam failure recovery request). Therefore, the UE can continue monitoring those PDCCH candidates in addition to the search space indicated by recoverySearchSpaceId.  
Question 2: If the answer to Question 1 is “Yes”, is the BFR RACH procedure considered successfully completed only if PDCCH is received in search space indicated by recoverySearchSpaceId?
Answer: The answer to Question 2 is Yes. The gNB response to contention-free BFR RACH is defined as a DCI scrambled by C-RNTI in beam failure recovery search space. The contention-free BFR RACH procedure is considered successfully completed only if the UE detects DCI scrambled by C-RNTI from the PDCCH in search space indicated by recoverySearchSpaceId.
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: During the period between the RRC configuration of PUCCH-SpatialRelationInfo with multiple RSs 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 
· The most recently activated Tx beam for the case of RRC re-configuration.
Proposal 2: 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 in the most recent MAC-CE activation.
Proposal 3: For unicast by CORESET#0, re-use the MAC CE message “TCI state indication for UE-specific PDCCH MAC CE” to indicate the CORESET#0 and the index of selected SS/PBCH block. 
Proposal 4: 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. 
Proposal 5: 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 6: The UE only monitors DCI format 0_0 and 1_0 in BFR-search space.
Proposal 7: Agree to SP CSI-RS as a mandatory with capability signaling which shall be set to ‘1’.
We also propose the following answers to the questions on beam failure recovery in RAN2 LS (R2-1810807):
Question 1: After UE sending PRACH for contention-free BFR, does the UE continue monitoring PDCCH candidates in configured search spaces monitored before PRACH, in addition to the search space indicated by recoverySearchSpaceId?
Proposed answer: There is no RAN1 agreement that explicitly specifies the UE does not monitor old PDCCH candidates after sending contention-free BFR PRACH (i.e., the beam failure recovery request). Therefore, the UE can continue monitoring those PDCCH candidates in addition to the search space indicated by recoverySearchSpaceId.  
Question 2: If the answer to Question 1 is “Yes”, is the BFR RACH procedure considered successfully completed only if PDCCH is received in search space indicated by recoverySearchSpaceId?
Proposed answer: The answer to Question 2 is Yes. The gNB response to contention-free BFR RACH is defined as a DCI scrambled by C-RNTI in beam failure recovery search space. The contention-free BFR RACH procedure is considered successfully completed only if the UE detects DCI scrambled by C-RNTI from the PDCCH in search space indicated by recoverySearchSpaceId.
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