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Color Coding of Proposals
Proposals that may be possible to agree relatively quickly
· Editorial comments to reporting in 38.214
· Proposal 3
· Default PUSCH Spatial Relation Prior to Dedicated Configuration
· Proposal 7
· PDSCH scheduling with too small offset
· Proposal 13, 14
· MAC CE latency
· Proposal 21
· Multi-slot PDSCH/PUSCH
· Proposal 23
Proposals with potential RRC impact
· Joint reporting of RSRP on SS and CSI-RS
· Proposal 2
· U2/U3 differentiation
· Proposal 8
· SRS
· Proposal 9
· Value range for aperiodicTriggeringOffset for CSI-RS
· Proposal 19
To be discussed further offline
Initial Prioritization of Proposals for Offline Discussion
· PUSCH Spatial Relation Indication
· Proposal 6
· Aperiodic CSI-RS when the scheduling offset is <threshold
· Proposal 17
· Default spatial relation/TCI state for PUCCH/PDCCH/PDSCH between RRC re-configuration and MAC-CE activation
· Proposals 5, 11, 16
· Handling of CORESET #0
· Proposal 12
· BWP switching aspects w.r.t. TCI state activation
· Proposal 22
· PUCCH spatial relation indication
· Proposal 4
· Remaining details of differential RSRP reporting
· Proposal 1
· Joint reporting of RSRP on SS and CSI-RS
· Proposal 2 
· Temporal QCL assumptions for periodic/semi-persistent CSI-RS
· Proposal 18
· U2/U3 differentiation
· Proposal 8 (Note some solutions do not have RRC impact)

Additional prioritization/re-prioritization to be determined during meeting

[bookmark: _In-sequence_SDU_delivery]Summary of remaining issues
Reporting
Details on differential reporting
The L1-RSRP reporting is described in [20]. There are still some details on how the differential RSRP should be calculated if one or more of the RSRP values in the reporting instance are out of range. Essentially, two options exist: 
Alt 1: use the largest truncated measured value to calculate the differential RSRP. Here it must also be described how additional out-ot-range values are calculated.
· For differential L1-RSRP reporting, when the largest L1-RSRP is reported as out-of-range, the maximal value of 7-bit representation is used as the reference value for calculating differential L1-RSRP value of remaining reported beams. [8]
· Clarity the differential quantization method for the case that multiple L1-RSRP values are larger than -44dBm. [3]
· Only quantify the largest L1-RSRP as -44dBm.
· Quantify the other L1-RSRPs larger than -44dBm as 0000.
· Quantify the L1-RSRPs smaller than -44dBm according to the difference between these L1-RSRP values and -44dBm.
· For L1-RSRP report, support the following specification: [10]
· When the largest L1-RSRP is larger than the largest value of 7-bit RSRP field, the UE shall use the largest value of 7-bit as the reference for differential L1-RSRP calculation.
· If the actual L1-RSRP of one Tx beam is also larger than the largest value of 7-bit RSRP field, the UE shall report a special value (e.g., 1111) in its 4-bit filed to indicate that.
Alt 2: use the largest measured value to calculate the differential RSRP.
· Support using the measured value of the largest L1-RSRP as the reference value for differential L1-RSRP reporting, when the largest L1-RSRP is reported as out-of-range. [18]
Additional alternatives from Huawei/HiSilicon:
Similar as in LTE, it is expected that for 7-bit absolute L-1RSRP reporting, one state will used to indicate that the RSRP is lower than -140 dBm, while another will be used to indicate that the RSRP is higher than -44 dBm.
In previous meeting, RAN1 agreed that one state of the 4-bit differential RSRP reporting will be used to indicate that the difference from the largest reported beam is larger than 30dB. We found this solution incomplete and inefficient. Here we provide one example to illustrate our concern. 
· Reference L1-RSRP (strongest beam): -50 dBm
· Differential L1-RSRP (2nd beam): -82 dBm
· Differential L1-RSRP (3rd beam): -90 dBm
· Differential L1-RSRP (4th beam): -150 dBm

With the existing definition, both the 2nd/3rd/4th beams are to be reported by the state mentioned above. At gNB side, all of the 2nd/3rd/4th beams will be disregarded, as gNB cannot tell the difference among them. It may be ok to drop the 4th beam, as it is lower than -140 dBm (lower bound for 7-bit L1-RSRP reporting), but the 2nd and 3rd beam are still worth to be reported, as they can still be used for establishing connection between gNB and UE. For FR2 deployment, the 2nd and 3rd beams are even more important, as they can serve as backup for the 1st beam, when it is degrading or being blocked, and hence help improving the robustness. 

To solve this problem, similar as in LTE, we suggest to distinguish the beams with L1-RSRP higher or lower than -140 dBm, in differential L1-RSRP reporting. To this send, one state indicating that the reported L1-RSRP is lower than -140 dBm should be included. With this state added, the state that indicating the difference larger than 30 dB can be revised to indicate that the difference is larger than 28 dB, while the absolute value is still higher than -140 dBm. 
We propose the following table to complete the design of 4-bit differential RSRP reporting. 
Alt-1-A: Support the following table for 4-bit differential L1-RSRP reporting and send an LS to RAN4 on this.
	Reported value
	Measured quantity value

	differential RSRP_00
	RSRP  -140 dBm

	differential RSRP_01
	0 dB <= Difference <= 2 dB 

	differential RSRP_02
	2 dB < Difference <= 4 dB

	differential RSRP_03
	…

	…
	26 dB < Difference <= 28 dB

	differential RSRP_15
	Difference > 28 dB and RSRP > -140 dBm


Note: The difference is computed using the largest reported L1-RSRP in the same reporting instance as reference.
We would like to hear the comments from companies on this issue. 
	Company
	Comments

	Huawei, HiSilicon
	Support Proposal 1-A.

	
	



Based on the proposals from companies, following the style in Table 9.1.4-1 of 36.133-b00, we provided a harmonized solution for beam reporting as follows. 
Alt-1-B: Include the following tables for 7-bit absolute L1-RSRP reporting and 4-bit differential L-RSRP reporting, respectively. Send an LS to RAN4 about this. 
Table 1 Mapping table for 7-bit absolute L1-RSRP reporting
	Reported value
	Measured quantity value
	Unit

	RSRP_00
	RSRP  -140
	dBm

	RSRP_01
	-140  RSRP < -139
	dBm

	RSRP_02
	-139  RSRP < -138
	dBm

	…
	…
	…

	RSRP_95
	-46  RSRP < -45
	dBm

	RSRP_96
	-45  RSRP < -44
	dBm

	RSRP_97
	-44  RSRP
			dBm


Note: Table 1 is exactly the same as Table 9.1.4-1 of 36.133-b00. 
Table 2 Mapping table for 4-bit differential L1-RSRP reporting
	Reported value
	Measured quantity value

	Diff_RSRP_00
	RSRP  -140 dBm

	Diff_RSRP_01
	Difference > 26 dB and RSRP > -140 dBm

	Diff_RSRP_02
	24 dB < Difference <= 26 dB

	…
	…

	Diff_RSRP_14
	0 dB <= Difference <= 2 dB

	Diff_RSRP_15
	RSRP >= -44 dBm


Note: 
· If higher layer parameter nrofReportedRS is configured to be one, L1-RSRP is reported using Table 1. 
· If higher layer parameter nrofReportedRS is configured to be larger than one, or if higher layer parameter group-based-beam-reporting is configured as ‘ON’, the largest measured L1-RSRP is reported using Table 1, while the others are reported using Table 2. 
· When Table 2 is used and the measured L1-RSRP does not fall into the range of Diff_RSRP_00 or Diff_RSRP_15
· If the largest measured L1-RSRP is not reported by RSRP_97, the ‘Difference’ in Table 2 is computed with a reference to the largest L1-RSRP value.
· If the largest measured L1-RSRP is reported by RSRP_97, the ‘Difference’ in Table 2 is computed with a reference to -44 dBm.

We hope such a harmonized solution can complete the story of differential beam reporting in Rel-15, and we encourage companies to express their views on this. 
	Company
	Comments

	Huawei, HiSilicon
	Support Proposal 1-B.

	
	



Have offline discussion of the pros/cons of Alt-1, 2, 1-A, and 1-B to decide on the details of differential reporting.

Joint reporting
The UE will report L1-RSRP based on the RRC parameter reportQuantity, which is conveyed in the CSI-ReportConfig. For L1-RSRP, the reportQuantity may take the values {cri-RSRP, ssb-Index-RSRP}, which refer to the measurement definitions CSI-RSRP and SS-RSRP, respectively. [21] 
There has been some discussion on the definition of SS-RSRP, which currently explicitly allows the UE to perform measurements on CSI-RS REs to estimate the received power of SSS. In particular, it has been questioned if the NW is able to configure measurements on the SS/PBCH block only, due to the current text in [21].
Some companies propose to include a new value of the parameter ReportQuantity:
· NR supports new values for ReportQuantity set to ‘CRI/Joint-RSRP’ or ‘SSBRI/Joint-RSRP’ to configure UE with joint CSI-RS and SS/PBCH measurement. When configured, the UE shall jointly measure L1-RSRP with CSI-RS and SS/PBCH block that are on the same OFDM symbols and spatially QCLed. [10]
· In NR Rel-15, support the following joint SSB and CSI-RS L1-RSRP beam reporting configuration: [19]
· If the value of higher-layer parameter ReportQuantity, set to CRI/Joint-RSRP’ UE reports CRIs and L1-RSRP values associated with CRIs based on based on the higher-layer parameter nrofReportedRS largest computed joint L1-RSRPs with SSB and CSI-RS resources being spatially QCL:ed with each others. 
· If the value of higher-layer parameter ReportQuantity, set to ‘SSBRI/Joint-RSRP’, UE reports SSBRIs and L1-RSRP values associated with SSBRIs based on based on the higher-layer parameter nrofReportedRS largest computed joint L1-RSRPs with SSB and CSI-RS resources being spatially QCL:ed with each others.
This would require RRC changes, and probably also changes to [21].
Some companies propose not to introduce any new value of ReportQuantity, and to rely the current definition of SS-RSRP in [21]:
· No new values for RRC parameter ReportQuantity is introduced for joint SSB+CSI-RS beam report. [2]
· When ReportQuantity ‘SSBRI/RSRP’ is configured, joint calculation can be conducted with SSB and spatial QCL-ed CSI-RS, if UE capability supports joint calculation and gNB configures CSI-RS spatial QCL-ed with SSB. [3]
· For UEs supporting independent and joint L1-RSRP reporting, it is up to UE to report either independent or joint L1-RSRP to gNB, thereby it is not a mandatory feature. [12]
· L1-RSRP is determined by CSI-RS and QCL-ed SS/PBCH if the CSI-RS and SS/PBCH resources are both configured within the CSI Resource set associated with the reporting setting. [4]
· Joint L1-RSRP reporting of QCLed SSB and CSI-RS can be left to UE implementation.[1]
One company propose that the joint reporting is enabled when reportQuantity is configured as “CRI/L1-RSRP”. 
· It should be supported that the joint L1-RSRP can be reported when the reportQuantity is configured as “CRI/L1-RSRP” where the UE can use the CSI-RS as well as its QCLed SSB to measure the L1-RSRP. [13]
One company proposes that the explicit mentioning of CSI-RS is removed from the SS-RSRP definition:
· Remove the explicit mentioning of CSI-RS in the definition of SS-RSRP. [17]
Continue offline discussions on how to handle the joint reporting on the SS/PBCH block and CSI-RS.
Editorial
Some editorial comments have been collected: 
· In Section 5.2.1 of TS 38.214, add SSBRI (SSB Resource Indicator) to the contents of CSI reporting. [6]
· In Section 5.2.1.4.2 of TS 38.214, remove the description on the detailed UE implementation.[6] 
Agree on the above proposals
	Company
	Comments

	ZTE
	Agree on the first proposed change but the second proposed change is not necessary since it is clearer in the current description.

	
	



>>> Text Proposal for 38.214 Section 5.2.1 >>>
[bookmark: _Toc510988188]5.2.1	Channel state information framework
[bookmark: _Hlk500777975]The time and frequency resources that can be used by the UE to report CSI are controlled by the gNB. CSI may consist of Channel Quality Indicator (CQI), precoding matrix indicator (PMI), CSI-RS resource indicator (CRI), SS/PBCH Block Resource indicator (SSBRI), layer indication (LI), rank indication (RI) and/or and L1-RSRP.
[bookmark: _Hlk508301324]For CQI, PMI, CRI, SSBRI, LI, RI, L1-RSRP, a UE is configured by higher layers with N≥1 CSI-ReportConfig Reporting Settings, M≥1 CSI-ResourceConfig Resource Settings, and a list of trigger states ReportTriggerList containing a list of associated CSI-ReportConfigs indicating the Resource Set IDs for channel and optionally for interference.
>>> End text proposal >>>

Other
Priority rules have been agreed on CSI reporting if collision happens. The reporting priority is based on time-domain behaviour and reporting content. This means that if an aperiodic report carrying L1-RSRP collides with an aperiodic report not carrying L1-RSRP, the report not carrying L1-RSRP will be dropped. One company proposes to change this agreement.
· If an aperiodic beam report collides with an aperiodic CSI report, then both reports are multiplexed and reported. [10]
Some companies propose larger changes to the NR:
· NR to support UE event based aperiodic beam measurement reporting. [14]
· Support UE panel based L1-RSRP reporting for beam management. [19]
· NR to consider supporting of UE to request the preferred configuration of periodic and Aperiodic beam measurement/reporting [14]
UL beam management
[bookmark: _Ref511292512]PUCCH Spatial Relation Indication
Several companies raised issues over indication of a spatial relation for PUCCH, both within a CC and across CCs. With a CC, the issue was raised that in general a large MAC-CE signalling overhead is needed since spatial relation indication is per PUCCH resource.
· In the MAC-CE message that indicates the spatial relation for a PUCCH resource, support using spare bits or bit values to signal whether or not the indicated spatial relation applies to only a single PUCCH resource or a group/set of resources. Based on RAN1 decision, send an LS to RAN2. [17]
· Support uplink cross-carrier beam indication for PUCCH and SRS and add Cell index information in SpatialRelation configuration[10]
· When PUCCH is piggybacked on PUSCH, support using the scheduled UE Tx beam (i.e., spatial relation) of PUSCH to transmit both PUSCH and PUCCH (i.e., the spatial relation for PUCCH is disregarded). [1]
Offline discussion on PUCCH spatial relation indication, including MAC-CE overhead concerns, cross CC indication, and UCI on PUSCH.

[bookmark: _Ref511287777]Default PUCCH Spatial Relation
Many companies have pointed out the need to define a default spatial relation assumption for PUCCH. This can be divided into two phases: (1) before dedicated configuration, and (2) after dedicated configuration. In this summary, proposals from the companies have been sorted accordingly.
It is important to note that typically the bulk of the dedicated configuration information for a UE containing, amongst other things, PUCCH spatial relations, TCI states, etc., is NOT carried in an RRC Connection Setup message (Msg4). UE capability information must be exchanged and ciphering must be setup before spatial relations/TCI states are configured. Hence, such configuration will typically be carried by an RRC Re-configuration message after the RRC Connection Setup is complete. For this reason, it is the hope of the moderator that the discussion in Sanya will focus on UE behaviour between RRC Re-configuration of spatial relations/TCI states and subsequent MAC-CE activation. Any solution for the default behaviour should avoid such terms as “initial” RRC configuration. It is also the hope of the moderator that the solution is general in that it covers not only RRC re-configurations, but also synchronous RRC re-configurations. In the latter case, there is an associated random access which informs the gNB that the RRC re-configuration is complete. A special case is a handover, although synchronous re-configuration is not limited to handover. A default spatial relation after beam failure recovery should also be defined as part of a general solution.
Prior to dedicated configuration
Two companies have proposed a default spatial relation for a PUCCH resource prior to dedicated configuration:
· Support using the spatial relation (UE Tx beam) for PRACH or Msg3 as the default spatial relation for PUCCH before RRC configuration. [1]
· PUCCH before RRC connection uses same spatial domain transmission filter with msg1 of initial access. [2]
It is the understanding of the moderator that 38.213 Section 9.2.1 already specifies UE behaviour prior to dedicated configuration: “The UE shall transmit the PUCCH using the same spatial domain transmission filter as for the Msg3 PUSCH transmission.”
After dedicated configuration
Broadly speaking, two alternative approaches have been identified for establishing a default spatial relation between RRC re-configuration and subsequent MAC-CE activation:
Alt-1: Default spatial relation for a PUCCH resource is given by the SS/PBCH block identified during a RACH procedure or the most recent activated spatial relation from the list PUCCH-SpatialRelationInfo
· In Section 9.2.1 of TS 38.213, specify the spatial setting of PUCCH for the period between the initial RRC configuration of multiple values via PUCCH-Spatialrelationinfo and the reception of the corresponding selection command to follow the spatial domain filter of Msg.3 PUSCH.[6] (2nd preference)
· When no spatial QCL indication is valid for PUCCH transmission due to events such as RLF, handover, and BFR, UE uses the spatial filter found in RACH procedure or in BFR procedure, i.e. the spatial filter for PRACH transmission or the spatial filter for Msg. 3, for PUCCH transmission until a valid spatial QCL indication is signalled to the UE. [8]
· After the RRC configuration of PUCCH-SpatialRelationInfo with multiple RSs and before MAC-CE selection, the UE shall apply the Tx beam that is used to transmit msg3 in RACH for the PUCCH. [10]
· After sending beam failure recovery request, the UE may assume a default spatial relation for PUCCH/PUSCH transmission until reconfiguration/activation. The default spatial relation is the CSI-RS or SS/PBCH block identified by the UE during the beam failure recovery procedure. [13]
· Existing spatial relation is used as PUCCH default spatial relation between RRC reconfig and MAC-CE activation, if there is more than one spatial relation in PUCCH-SpatialRelationInfo and UE supports MAC-CE based activation. [15]
· For a given PUCCH resource, after either an RRC re-configuration of PUCCH-SpatialRelationInfo or a beam failure recovery, and prior to MAC-CE activation of one of the spatial relations in PUCCH-SpatialRelationInfo, the UE may assume a default spatial relation for PUCCH transmission. The default spatial relation is given by either (1) the SS/PBCH block determined in the most recent random access, or (2) the most recent MAC-CE activated spatial relation for the PUCCH resource, whichever is more recent. [17]
· For initial RRC configuration, the default spatial relation that the UE may assume is the SS/PBCH block identified during initial access. [18]
· Newly configured additional PUCCH remains inactive till MAC-CE activation. [15]
· After a UE receives higher layer re-configuration of the values of Spatialrelationinfo, the UE may assume that the activated value of Spatialrelationinfo configured before the re-configuration are remained activated until reception and application of next activation/deactivation command. [4]
Alt-2: First element of the list of spatial relations PUCCH-SpatialRelationInfo contains the default spatial relation
· Support using the first entry of PUCCH-Spatial-relation-info configured by RRC signalling as the default spatial relation for PUCCH between RRC configuration and MAC CE activation. [1]
· The UE can assume the lowest entry of PUCCH-SpatialRelationInfo as default spatial relation to provide the PUCCH QCL between RRC configuration and MAC-CE activation. [3]
· After initial RRC configuration of a list of spatial relations in PUCCH-SpatialRelationInfo and before UE applies the MAC-CE activation message, UE is expected to transmit PUCCH using the spatial relationship indicated by the first entry of PUCCH-Spatialrelationinfo.[5]
· Based on the analysis comparing technical merits/demerits, it is preferred to adopt Alt.2 (following the first entry of the configured RRC parameter) commonly for default PUCCH beam and default PDCCH beam issues. [11]
· For RRC re-configuration of spatial relations, the UE may assume that the first/lowest entry of spatial relations in RRC reconfiguration is the default spatial relation for PUCCH until the RRC re-configuration complete, or reception and application of MAC activation if multiple spatial relations are configured. [18]
· For RRC re-configuration of spatial relations, gNB should include the latest activated/confiugred spatial relation in the RRC re-configured spatial relations for PUCCH. [18]
Alt-1 or Alt-2
· Adopt a unified PUCCH default beam determination procedure between initial and reconfiguration, e.g. either using SSB beam or lowest entry of PUCCH-SpatialRelationInfo. [2]
Alt-3: No specification is needed for the case
· Compared to the RRC configuration, MAC CE activation will lead to a shorter period of ambiguity. We haven’t specified anything for the ambiguous period during RRC configuration, thus it is not necessary to specify UE assumption/behaviour for this short period. On the other hand, we have discussed this issue in the last meetings and it is difficult to achieve a consensus. Based on the current situation, we propose not to do over-optimization for such a corner case. [6] (1st preference) 
For default PUCCH spatial relation after dedicated configuration, offline discussion of the pros/cons of Alt-1, Alt-2, Alt-3 is needed before consensus can be achieved
PUSCH Spatial Relation Indication
Beam indication for the UL has received much less attention than for the DL. Now that the details of UL MIMO transmission have settled to some degree, it has become clear that in some scenarios UL beam indication is considerably less dynamic than in the DL; in some important cases only RRC indication of PUSCH spatial relations is supported. Furthermore, the SRS-based beam indication that is supported, does not work in all cases, e.g., when no SRI is present in DCI.
A large majority of companies agree that dynamic PUSCH beam indication is needed, at least for the case when the SRI field is absent from the DCI that schedules PUSCH. This occurs for DCI format 0_0 or DCI format 0_1 where only a single SRS is configured for codebook/non-codebook based UL transmission. Several alternatives have been identified, with by far the most support for reusing the dynamic spatial relation supported for PUCCH. On the question of which PUCCH resource, several companies suggest using a fixed reference PUCCH resource, e.g., PUCCH resource with ID 0 or ID 127.
Alt-1: Reuse PUCCH spatial relation
· For UL transmission scheduled by DCI format 0-0 after configuration, UL beam follows that of the currently activated beam of PUCCH of currently activated BWP. [3]
· In Section 6.1 of TS 38.214, specify that the spatial setting of PUSCH transmission scheduled by the DCI format 0-0 follows the counterpart of the latest PUCCH. [6]
· When no spatial QCL indication is signalled through DCI for the scheduled PUSCH, UE uses the spatial filter for PUCCH as the default spatial QCL assumption for PUSCH. [8]
· It should be supported that the PUSCH beam should be indicated by PUCCH-SpatialRelationInfo for the PUCCH resource with lowest resource ID when it is triggered by DCI format 0_0. [13]
· For PUSCH without associated SRI, i.e., (a) when SRS is not configured, or (b) PUSCH is scheduled with DCI format 0_0 and Nsrs>1 SRS resources are configured, the transmit beam to be used is that determined by the PUCCH-SpatialRelationInfo associated with a PUCCH-Resource of fixed PUCCH-ResourceIndex[15]
· After RACH procedure, until RRC configuration and MAC-CE activation allows default PUSCH beams to be based on PUCCH resources, the beams identified during RACH procedure serve as default. These are the beam of SSB identified by the UE for DL, and the beam of the PRACH or msg3 transmission that led to completion of RACH procedure for UL. [15]
· When the SRI field is absent from the DCI that schedules PUSCH (DCI format 0_0 or DCI format 0_1 when only a single SRS resource configured), the spatial relation for PUSCH is given by the MAC-CE activated spatial relation for fixed reference PUCCH resource. FFS: Which PUCCH resource index, e.g., 0 or 127. [17]
· For either the case of PUSCH scheduled by DCI format 0_0 (no SRI field) or the case that no SRS is configured, the UE may assume a default spatial relation for the transmission of PUSCH, where the default spatial relation is the first entry of spatial QCL relation configured for PUCCH in the latest slot. [18]
· For PUSCH scheduled with DCI format 0_0[19]
· the PUSCH follows Msg3 if spatialRelationInfo is not configured and activated for a PUCCH resource with index 0. 
· otherwise, the PUSCH follows activated spatialRelationInfo for a PUCCH resource with index 0.
Alt-2: Reuse aspects of dynamic DL beam indication framework
· For PUSCH scheduled by DCI format 0_0, the UE shall apply the Tx beam that corresponds to the Rx beam used to receive the PDCCH where DCI format 0_0 is detected. [10]
· For PUSCH scheduled with DCI format 0_1 without SRI and prior SRS transmission: [19]
· Reuse TCI framework for PUSCH beam indication and adopt the principles agreed for the PDSCH beam indication where TCI states providing QCL reference for PUSCH DMRS can have DL RSs as source RSs
· Until UE is configured in higher layer with spatialRelationInfo + activation for PUCCH or configured TCI and activated TCI states for PUSCH [Moderator: Typo? Is it meant PDCCH?], the PUSCH allocations follow Msg3. [19]
Alt-3: Follow SRS-SpatialRelationInfo
· If only one SRS resource is configured, SRI is assumed to be implicitly present and pointing to that SRS resource, for the purpose of determining PUSCH beam. [15]
Alt-4: Fixed spatial relation
· For UE configured with 0 or 1 SRS resource with a single port, PUSCH scheduled by DCI 0-0 uses same spatial domain transmission filter with msg1. FFS other cases. [2]
Based on the large degree of support for Alt-1 above, the following is proposed:
For PUSCH scheduled by DCI in which the SRI field is absent, the UE may assume a default spatial relation corresponding to the configured/activated spatial relation for a fixed PUCCH resource. The fixed PUCCH resource has ID [0 or 127]. Note: the spatial relation(s) for the fixed PUCCH resource are configured in PUCCH-SpatialRelationInfo. If the list has more than one entry, MAC-CE indicates a single selected spatial relation from the list.
	Company
	Comments

	Intel
	There are two scenarios that could lead to “without SRI”: one is only 1 SRS resource is configured; the other is no SRS resource is configured. For the former case, the PUSCH can follow spatialRelationInfo for the configured SRS resource. For DCI format 0_1, it is agreed that gNB should configure at least 1 SRS resource for current transmission scheme – either codebook or non-codebook. So this issue only exists when uplink transmission scheme is not configured – which is triggered by DCI format 0_0. Further suggest to add active BWP to clarify this PUCCH resource is not from all BWP.
Suggest to change it as follows:
For PUSCH scheduled by DCI in which the SRI field is absent, When ulTxConfig is not configured, the UE may assume a default spatial relation corresponding to the configured/activated spatial relation for a fixed PUCCH resource in active BWP. The fixed PUCCH resource has ID [0 or 127]. Note: the spatial relation(s) for the fixed PUCCH resource are configured in PUCCH-SpatialRelationInfo. If the list has more than one entry, MAC-CE indicates a single selected spatial relation from the list.

	Huawei, HiSilicon
	Alt-4.

	vivo
	Generally fine with proposal 6. The case of only one SRS resource should indeed be clarified. But a little bit confused about Intel’s proposal about “When ulTxConfig is not configured”. The main issue to address is for the case when ulTxConfig is configured but scheduled with DCI 0_0.

	LGE
	Similar to (and on top of) the above Intel/vivo’s explanations, we don’t see any issues regarding DCI format 0_1, since even for only one SRS resource configured (in which the SRI field is absent according to moderator’s expression), we had already agreed in the last year and the following behavior is already captured in the current 38.214 section6.1.1.1 (which means PUSCH beam always follows that of the single SRS resource):
…or if a single SRS resource is configured, TPMI is used to indicate the preferred precoder over the SRS ports.
If this kind of clarification is needed for non-codebook-based UL, a similar sentence can be added for the non-codebook-based UL section, which should just clarify that the single configured SRS resource (although the SRI field is absent) is used to be mapped to the single DMRS port (thus even for this case, no need to define any default beam, e.g., no need to be tied to PUCCH resource 0)
Therefore, the remaining issue would be only regarding DCI format 0_0, and we are okay with the following modified Proposal 6 (by also embedding Intel’s comment to add “in active BWP”, and deleting “default” as well):
Proposal 6: For PUSCH scheduled by DCI format 0_0 in which the SRI field is absent, the UE may assume a default spatial relation corresponding to the configured/activated spatial relation for a fixed PUCCH resource in active BWP. The fixed PUCCH resource has ID [0 or 127]. Note: the spatial relation(s) for the fixed PUCCH resource are configured in PUCCH-SpatialRelationInfo. If the list has more than one entry, MAC-CE indicates a single selected spatial relation from the list.

	ZTE
	We agree with Intel and LGE that spatial relation of PUSCH should follow that of SRS for PUSCH scheduled by DCI format 0_1 when only one SRS is configured.  For PUSCH scheduled by DCI format 0_0, we prefer to follow the activated spatial relation of PUCCH with the lowest resource ID in the latest slot. This is more flexible and potentially reduces number of beam switches.

	Qualcomm
	In our view, for a single configured SRS resource, it shall indicate spatial relation of PUSCH scheduled by both DCI format 0_0 and 0_1. For the configured SRS resource # other than one, PUSCH scheduled by DCI 0_0 follows spatial relation of a fixed PUCCH resource. The corresponding changes are as below.  
Proposal 6-1: For PUSCH scheduled by DCI format 0_0 and 0_1 with a single configured SRS resource in which the SRI field is absent, the UE may assume a default spatial relation indicated by the single SRS resource corresponding to the configured/activated spatial relation for a fixed PUCCH resource. The fixed PUCCH resource has ID [0 or 127]. Note: the spatial … the list.
Proposal 6-2: For PUSCH scheduled by DCI format 0_0 with zero or more than one configured SRS resources in which the SRI field is absent, the UE may assume a default spatial relation corresponding to the configured/activated spatial relation for a fixed PUCCH resource in active BWP. The fixed PUCCH resource has ID [0 or 127]. Note: the spatial … the list.

	OPPO
	The PUSCH scheduled via DCI 0_1 should be excluded here since its spatial relation should follow that of SRS if only one SRS is configured

	MediaTek
	We share similar view with Intel/LGE/ZTE/Qualcomm that there is no issue on spatial relation of PUSCH if it is scheduled by format 0_1. When format 0_1 is used, we are fine with LGE’s proposal.

	DOCOMO
	Share similar view with Intel, LGE, ZTE and OPPO that spatial relation of PUSCH which has only one SRS configured follow that of SRS.

	Samsung
	We should specify this proposal is for DCI format 0_0 and for DCI format 0_1 when there is no SRI field.
We are generally fine with using the beam of one PUCCH resource as the Tx beam for PUSCH. However, fixing the PUCCH resource ID to 0 or 127 might have some problem because the UE might not be configured with PUCCH resource ID 0 or 127. One choice can be the lowest PUCCH resource index among all configured PUCCH resources.



Default PUSCH Spatial Relation Prior to Dedicated Configuration
Like for PUCCH, a default spatial relation prior to dedicated configuration is needed for PUSCH. For PUCCH, this is described in 38.213 Section 9.2.1; however, parallel text seems to be missing from 38.214. One company suggests the following:
· Before RRC configuration, the UL transmission beam is derived from initial access procedure. [3]
This proposal is reasonable, and should be straightforward to agree, hence the following is proposed
Prior to dedicated configuration, the UE may assume the same spatial domain transmission filter (if applicable) for PUSCH as for Msg1 transmission.
	Company
	Comments

	Intel
	Suggest to change “dedicated configuration” into “RRC configuration” to avoid confusion.

	vivo
	Support the proposal.

	LGE
	Currently, we don’t see any need for specifying this behaviour, in consideration that so far NR-IA agreements have not specified any beam-related behaviors for Msg1 and Msg3 after a long and intensive discussion. Therefore, we need to check to align the NR-IA agreements and our current understanding is no need to specify the beam relation until at least initial RRC configurations are given to the UE (aligning to NR-IA agreements).

	Qualcomm
	It would be good to change Msg1 to Msg3 to be consistent with description for PUCCH in 9.2.1. of 38.213, since Msg3 beam could be further refined.

	OPPO
	Support Qualcomm’s propose that Msg.1 is changed to Msg.3 to ensure the consistency of different parts of the specificication

	MediaTek
	We agree with the intention of the proposal. However, we feel that it may be better to have PUSCH to follow PUCCH spatial domain Tx filter in this case. This avoids different PUCCH/PUSCH spatial filter assumption in this condition.

	DOCOMO
	Suggest changing ‘Msg1’ to ‘Msg3’.

	Samsung
	Agree with Qaulcomm/Oppo/DOCOMO, suggest to change from Msg1 to Msg3.



U2/U3 differentiation
Several companies have suggested methods to differentiate whether an SRS resource set is used for U2 vs. U3:
· Support explicit indication of whether the configured SRS resource set is used U2 or U3 procedure. [1]
· Explicit or implicit differentiation U2 and U3 are needed at least for initial training of beams with SRS for beam management according to the configuration of SRS-SpatialRelationInfo for SRS resources. [3]
· For a SRS set for UL beam management, a parameter can be configured to indicate the beam sweeping behavior (e.g.,U-3) and a set-level Tx beam direction can be configured to support the function of U-2/U-3.. [10]
· For one SRS resource set configured with higher layer parameter SRS-SetUse = “BeamManagement”: [10]
· If none of the SRS resources are configured with SRS-SpatialRelationInfo, the UE shall transmit those SRS resources with different Tx beams.
· If a subset of the SRS resources are configured with SRS-SpatialRelationInfo and the others are not, the UE shall transmit the SRS resources without SRS-SpatialRelationInfo with Tx beam other than the Tx beams of those SRS resources configured with SRS-SpatialRelationInfo.
· A new high layer parameter SRS-ResourceRep may be introduced if possible to support the differentiation between U2 and U3 for a set of SRS resources used for UL beam management. [16]
· A new 1-bit DCI field (e.g., SRS resource repetition flag) is introduced to support the dynamic indication of U2 or U3 for the triggered aperiodic SRS resources. [16]
· In RAN1#90bis meeting, the followings for UL beam management are agreed as a part (Slide 3) of the WF R1-1719059, and based on this agreement, LG[11]/OPPO provide suitable spec description, where the TP is captured from SRS AI summary to discuss the following TP:
	Agreements (R1-1719059, Slide 3):
· For UL beam management, 
· NR supports gNB configuration of transmitting SRS with same Tx beam across multiple symbols via either of followings
· configuring one SRS resource spanning multiple symbols 
· configuring UE to apply the same Tx beam across the SRS resources in a SRS resource set.
· UE can apply different Tx beams to different SRS resources if it is not configured to apply the same Tx beam across SRS resources in a SRS resource set, where the beams can be determined either (1) via a gNB-transparent way, or (2) via gNB indication.


	/************************* Start of Text Proposal for 38.214 ************************/
6.2.1	UE sounding procedure
The UE can be configured with one or more Sounding Reference Symbol (SRS) resource sets as configured by the higher layer parameter SRS-ResourceSetConfig. For each SRS resource set, a UE may be configured with [image: ]SRS resources (higher later parameter SRS-ResourceConfig), where the maximum value of K is indicated by [SRS_capability [13, 38.306]]. The SRS resource set applicability is configured by the higher layer parameter SRS-SetUse. When the higher layer parameter SRS-SetUse is set to 'BeamManagement', only one SRS resource in each of multiple SRS sets can be transmitted at a given time instant. The SRS resources in different SRS resource sets can be transmitted simultaneously.
The UE shall transmit SRS with the same spatial domain transmission filter across the OFDM symbols occupied by a SRS resource.
If all the SRS resources within a SRS resource set with the higher layer parameter SRS-SetUse set to ‘BeamManagement’ are not configured with higher layer parameter SRS-SpatialRelationInfo, UE can transmit SRS in the SRS resources with independent spatial domain transmission filter. 
UE is not expected that only part of SRS resources within a SRS resources set are configured with higher layer parameter SRS-SpatialRelationInfo.
/************************* End of Text Proposal for 38.214 ************************/



There does not seem to be clear consensus between the proposed methods – some proposals suggest an explicit configuration method, and others suggest an implicit method.
Further discuss whether or how to differentiate between an SRS set being used for U2 vs. U3. Consider implicit vs. explicit differentiation. Note: above TP does not have RRC impact.
[bookmark: _Ref511292455]SRS
Several proposals have been made regarding SRS configuration; however, there is no clear theme for which to draw a conclusion
· If the higher layer parameter SRS-SpatialRelationInfo is set to 'SRS', support UE to transmit the SRS resource with the same spatial domain transmission filter used for the most recent transmission of the periodic SRS or semi-persistent SRS. [1]
· Any SRS beam enhancement is postponed to Rel.16 (if needed). [2]
· Introduce SRS resource set ID into the higher layer parameter spatialRelationInfo and the higher layer parameter PUCCH-SpatialRelationInfo. [4]
· When no beam indication is configured for the triggered SRS resources, NW indicates the UE whether to use a fixed beam to transmit triggered SRS resources within the same SRS resource set via the RRC parameter SRS-SameSpatialFilter. [8]
· In one SRS resource set configured with higher layer parameter SRS-SetUse = “BeamManagement”, all the SRS resources shall be configured with the same SRS bandwidth. [10]
· When a RS in one carrier is referred to as QCL in another carrier, the carrier index needs to be included in the RRC configuration together with the corresponding CRI, SSB Index or SRI. [9]
Further discuss whether or not enhancements/changes are needed to SRS configuration
Other
· In Section 9.2.1 of TS 38.213, add the description to specify that the spatial setting of PUCCH is sued to determine the corresponding spatial domain transmission filter. [6]
· Network shall provide guidance on beam sweep behavior in UL beam training for UEs without beam correspondence. [15]
· For U3 beam training, network shall indicate a maximum angular, within which UE is allowed to sweep Tx beam direction. [15]
· A local beam sweeping is supported on top of a full sweeping for partial beam correspondence and no beam correspondence cases. [16]
DL beam management
In section 5.1.5 in [21], there is a sentence talking about how the UE obtains QCL parameters when QCL Type D is not configured. One company suggests that the situation where this may happen is described in more detail:
· Use cases when all TCI states do not have type-D QCL should be clarified for FR2. Otherwise, we expect type-D QCL included in every TCI for FR2. [15]
It is the view of the moderator that this was introduced to describe FR1, but the current description in [21] is more general.
Discuss offline with the intent to clarify the use case when none of the configured TCI states includes QCL Type D.
[bookmark: _Ref511287818]Default TCI state for PDCCH
Many companies have pointed out the need to define a default TCI state for PDCCH. This can be divided into two phases: (1) before dedicated configuration, and (2) after dedicated configuration. All proposals listed in this section are for phase (2).
It is important to note that the bulk of the dedicated configuration information for a UE containing, amongst other things, TCI states, is NOT carried in an RRC Connection Setup message (Msg4). UE capability information must be exchanged, and ciphering must be setup before any TCI states are configured. Hence, such configuration will typically be carried by an RRC Re-configuration message after the RRC Connection Setup is complete. For this reason, it is the hope of the moderator that the discussion in Sanya will focus on UE behaviour between RRC Re-configuration of TCI states and subsequent MAC-CE activation. Any solution for the default behaviour should avoid such terms as “initial” RRC configuration. It is also the hope of the moderator that the solution is general in that it covers not only RRC re-configurations, but also synchronous RRC re-configurations. In the latter case, there is an associated random access which informs the gNB that the RRC re-configuration is complete. A special case is a handover, although synchronous re-configuration is not limited to handover. A default TCI state after beam failure recovery should also be defined as part of a general solution.
Broadly speaking, two alternative approaches have been identified for establishing a default TCI state between RRC re-configuration and subsequent MAC-CE activation:
Alt-1: Default TCI state for a CORESET is given by the SS/PBCH block identified during a RACH procedure or the RS for the most recently activated TCI state from the list TCI-StatesPDCCH for the CORESET
· Assume implicit TCI-State for PDCCH based on the associated downlink RS (SS/PBCH block) with selected PRACH preamble before and after RRC configuration until first MAC-CE activation command. [19]
· PDCCH is by default spatially QCL-ed with SSB in initial access between RRC reconfiguration and MAC-CE activation. [2]
· Existing TCI state is used as PDCCH default TCI between RRC reconfig and MAC-CE activation. [15]
· For a given CORESET, after either an RRC re-configuration of TCI-StatesPDCCH or beam failure recovery, and prior to MAC-CE activation of one of the TCI states in TCI-StatesPDCCH, the UE may assume a default QCL reference for PDCCH reception. The default is given by either (1) the SS/PBCH block determined in the most recent random access, or (2) the most recent MAC-CE activated TCI state for the CORESET, whichever is more recent. [17]
· The default TCI state of PDCCH depends on the ambiguous periods [12]
· Between initial RRC configuration and MAC CE activation, a UE may refer to the SSB resource determined in initial access procedure until the MAC CE activation message arrives
· Between RRC re-configuration and MAC CE activation, a UE may refer to the most recent DL RS activated by MAC CE in existing CORESETs until the MAC CE activation message arrives
· After a UE receives higher layer re-configuration of TCI states, the UE may assume that the activated TCI state(s) configured before the re-configuration are remained activated until reception and application of next activation/deactivation command.[4]
Alt-2: First element of the list of TCI states TCI-StatesPDCCH contains the default TCI state 
· The UE can assume the lowest entry of TCI-StatesPDCCH as default TCI state to provide the PDCCH QCL between RRC configuration and MAC-CE activation. [3]
· The UE can assume a default TCI state: the lowest entry of TCI-StatesPDCCH to provide the PDCCH QCL between RRC configuration and MAC-CE activation. [3]
· Between reconfiguration of TCI-StatesPDCCH and subsequent MAC-CE activation, [7]
· if the latest activated TCI state for the CORESET is not removed out of TCI-StatesPDCCH by reconfiguration, UE assumes that the CORESET is monitored via the latest activated TCI state; 
· otherwise, UE assumes that the CORESET is monitored via the TCI state with the lowest TCI state ID among the reconfigured TCI-StatesPDCCH.
· During the period between RRC configuration and MAC-CE activation, a predetermined TCI state (e.g., lowest entry of the TCI table) needs to be used for PDCCH reception until MAC-CE activation is completed when K>1 TCI states are configured. [16]
· For RRC re-configuration of TCI states, the UE may assume that the first/lowest entry of TCI-States in RRC reconfiguration is the default TCI state for PDCCH until the RRC re-configuration complete, or reception and application of MAC activation if multiple TCI states are configured. [18]
Alt-3: No specification is needed for the case
· Compared to the RRC configuration, MAC CE activation will lead to a shorter period of ambiguity. We haven’t specified anything for the ambiguous period during RRC configuration, thus it is not necessary to specify UE assumption/behaviour for this short period. [6]
For default TCI state after dedicated configuration, offline discussion of the pros/cons of Alt-1, Alt-2, Alt-3 is needed before consensus can be achieved
	Company
	Comments

	Huawei, HiSilicon
	Alt-2

	vivo
	Alt-2

	LGE
	Alt-2

	ZTE
	Alt-1

	OPPO
	Alt-3 (1st preference),  Alt-1(2nd preference)

	MediaTek
	Alt-1

	DOCOMO
	In our understanding, there are two ambiguity periods between RRC re-configuration and MAC CE activation of TCI states as following figure shows. During ambiguity period #1, UE applies the re-configured parameters at a certain timing no later than the RRC reconfiguration complete message, where the exact timing is not defined. The RRC information will be overwritten once the RRC re-configuration is adopted by UE.
[image: ]
Given the assumption that UE can keep the TCI state information during the RRC re-configuration procedure, Alt. 1 is preferred. Otherwise, Alt. 2 is necessary for make the system work.
And we have similar concern for period #2, if the latest activated TCI state is not included in the RRC re-configuration, can UE keep the TCI state information during ambiguity period #2?



CORESET #0
CORESET #0 is used by the UE to receive at least system information and is configured in MIB. A limited set of configuration possibilities are possible, e.g., it is not possible to configure the PDCCH DMRS or the TCI states in MIB. It is then discussed how CORESET #0 can be used for other purposes.
· The CORESET 0 can be re-configured by dedicated RRC signaling after initial access procedure. [3]
· UE is not allowed to switch beam autonomously for CORESET0 reception after RRC configuration;
· UE does not expect RS other than SSB configured in TCI state tci-StatesPDCCH for re-configuration of CORESET0. [3]
· UE derives slots for type 0 search space based on SSB configured in tci-StatesPDCCH for re-configuration of CORESET0. 
· No TCI states can be configured for CORESET #0. The UE uses the best SSB as QCL reference for CORESET #0. [17]
Further discuss offline how CORESET #0 can be used in CONNECTED mode. 
	Company
	Comments

	DOCOMO
	No TCI states can be configured for CORESER #0



Beam management for PDSCH
PDSCH scheduling with too small offset
When the PDSCH is scheduled with an offset which is smaller than the scheduling threshold, the UE may assume a default QCL assumption for the PDSCH, which is given by the TCI state of the CORESET with the lowest CORESET-ID in the latest slot. A few companies have identified that there may be CORESETs without activated TCI states, e.g., CORESET #0 or the CORESET used to receive the beam failure recovery response. This needs to be clarified in the specification. 
· For PDSCH QCL determination, the CORSET-BFR and CORESET 0 should be excluded if the scheduling offset is below a threshold. [13]
· CORESET for PDCCH scheduling beam failure recovery response should not be used to determine the default PDSCH TCI. [15]
· Clarify that the default QCL assumption for PDSCH based on the CORESET with the lowest CORESET-ID should be one in which there are configured TCI states. [17]
To determine the “lowest CORESET-ID” for determining default spatial QCL assumption for PDSCH, only consider CORESETs with activated TCI states.
	Company
	Comments

	Intel
	Support this proposal.

	vivo
	Fine with the proposal.

	ZTE
	This proposal is okay in general but further clarification is needed.
Taking into account the time domain behavior is configured for search space rather than CORESET, the default QCL assumption should depend on the CORESET with lowest ID in the latest slot, in which the search space is configured.[4]  
So the proposal should be clarified as follows:
To determine the “lowest CORESET-ID” for determining default spatial QCL assumption for PDSCH, only consider CORESETs with activated TCI states in the latest slot, in which the search space is configured.


	Qualcomm
	For CORESET 0, we would like to first clarify if it can carry unicast PDCCH in connected mode? If so, does UE expect to track one more TRS corresponding to CORESET 0?

	OPPO
	Support

	MediaTek
	In general, we agree the intention of the proposal. However, further restriction on the considered “CORESET” should avoid the ones whose spatial QCL assumption is determined by UE, e.g., CORESET0/CORESET-BFR.

	DOCOMO
	For CORESET #0, we would like to first clarify whether UE can keep the beam/spatial QCL information of CORESET #0 for PDSCH to refer, even though there is no TCI configuration for CORESET #0.



Carrier aggregation 
Several companies have also identified issues related to bandwidth parts, carrier aggregation and spatial QCL assumptions. In carrier aggregation, each serving cell may or may not have CORESETs defined. The same CORESET-ID may (will) appear in several serving cells. Moreover, since a CORESET is defined on BWP level, the same CORESET-ID may appear in different BWPs. 
· To decide “lowest CORESET-ID” for determining default spatial QCL assumption for PDSCH, the following rules are used: 1) Selecting lowest CORESET-ID in all activated CCs, 2) Selecting serving cell with lowest SCell index. [8]
· If the UE is configured with multiple BWPs/CCs and scheduling offset is below a threshold, the PDSCH should be spatially QCLed with the lowest CORESET ID in the latest slot in the BWP/CC with PDSCH transmission. [13]
· When PDSCH scheduling delay is smaller than the Threshold-Sched-Offset, the lowest CORESET ID within the active BWP/CC should be used for the default TCI state determination [16]
Some of the proposals assume that there is always a CORESET defined for serving cell, whereas the first proposal also considers the more general case.
Since a UE can only have one active BWP in Release-15, the moderator suggests that RAN1 agrees to the following proposal:
To determine the “lowest CORESET-ID” for determining default spatial QCL assumption for PDSCH, only consider CORESETs in active BWPs.
	Company
	Comments

	Intel
	Support this proposal

	vivo
	Support this proposal

	Qualcomm
	It would be clearer to add “in the latest slot, in which the search space is configured” to the end. 

	OPPO
	Support

	MediaTek
	Since CORESET configuration is per-CC configuration, CORESET indices are reused in different CCs. Clarification is needed in multi-CC case.



Some of the issues are explicitly related to cross-carrier scheduling:
· If the scheduling DL DCI is scheduled on another serving cell and the scheduling delay is less than the threshold Threshold-Sched-Offset, down-select the following alternatives for determining TCI state for PDSCH: [7]
· Alternative 1: UE assumes the PDSCH is received via one TCI state in activated subset of TCI states for receiving PDSCH in scheduled serving cell, e.g. codepoint 0 in TCI field.
· Alternative 2: The TCI states applied for CORESETs in the scheduling serving cell are also associated with index of reference signal transmitted in the scheduled serving cells.
· To solve the issue of TCI field absence for cross carrier scheduling, down-select the following alternatives for determining TCI state for PDSCH: [7]
· Alternative 1: a DL DCI, scheduling a PDSCH of another serving cell, always comprises TCI field. 
· Alternative 2: The TCI states applied for CORESETs in the scheduling serving cell are also associated with index of reference signal(s) transmitted in the scheduled serving cells. 
· Alternative 3: UE assumes PDSCH in scheduled serving cell is always received via one TCI state in activated subset of TCI state for receiving PDSCH in scheduled serving cell, e.g. codepoint 0 in TCI field.
Further discuss how to select default spatial QCL assumption for PDSCH for multiple CCs. 
One company has a proposal on the relevance of QCL type D across carrier:
· UE shall indicate which frequency range the UE assumes cross-carrier type-D QCLed operation, which needs to be added in UE feature list. Detailed capability indication is TBD. [15]

Default TCI state(s) for PDSCH
The default QCL assumption for PDSCH between RRC reconfiguration and MAC CE activation is still undetermined. Here we note that the comments in section 3.2.2 and 3.3.1 are still valid: it would be preferable if special handling of the case for the RRC reconfiguration just after RRC Connection Setup (Msg4) could be avoided.
· Assume implicit TCI-State for PDSCH based on the associated downlink RS (SS/PBCH block) with selected PRACH preamble before and after RRC configuration until first MAC-CE activation command. [19]
· Between reconfiguration of TCI states for PDSCH and subsequent MAC-CE activation, [7] 
· if any of TCI state among the latest activated subset of TCI states for PDSCH is not removed out of TCI states by reconfiguration, codepoints in TCI field in scheduling DL DCL can be mapped to the latest activated subset of TCI states for PDSCH; 
· otherwise, UE assumes that PDSCH is received via the same TCI state for receiving the scheduling CORESET.
· After either an RRC re-configuration of TCI-States or beam failure recovery, and prior to MAC-CE activation of the TCI state(s) in TCI-States, the UE may assume a set of default QCL references for PDSCH reception. The set of defaults is given by either (1) the single SS/PBCH block determined in the most recent random access, or (2) the most recent MAC-CE activated TCI state(s), whichever is/are more recent. [17]
Further discuss the default QCL assumption for PDSCH between RRC reconfiguration and MAC CE activation. 
Other
The following proposals are already supported [22]: 
· In Rel.16 RAN1 considers the nested TCI states: the configured TCI states of PDCCH is a subset of the configured TCI states of PDSCH in RRC layer [12]
· The K configured TCI states for CORESET is a subset of the M configured TCI states for PDSCH. [15]
· Clarify that TCI-presentinDCI does not apply to DCI 1-0. [2]
· In Section 10.1 of TS 38.213, correct that the indication configured in the CORESET configuration for a presence or absence of a transmission configuration indication (TCI) field is only applicable for DCI format 1-1.[6]
· For PDSCH scheduled by DCI format 1_0, the UE shall make the same QCL assumptions for PDSCH as it does for reception of the scheduling PDCCH. [17]
It is the view of the moderator that the following proposal can be left up to NW implementation:
· For RRC re-configuration of TCI states, gNB should include the latest activated/confiugred TCI state  in the RRC re-configured TCI states for PDCCH. [18]
It is the view of the moderator that the following proposals are for future optimization:
· In Rel.16 RAN1 considers the nested TCI states: the activated TCI states of PDCCH is a subset of the activated TCI states of PDSCH in MAC layer [12]
· The activated TCI state for CORESET is a subset of the up to 2^N activated TCI states for PDSCH. [15]
· NR to consider supporting of DCI in PDCCH to indicate the QCL information of the future PDCCH or GC-PDCCH. [14]
Issues related to CSI-RS
QCL assumption for ap-CSI-RS when the scheduling delay is <threshold
Several companies have identified that there is a need to define the QCL assumptions for the reception of a aperiodic CSI-RS when the scheduling delay is shorter than the UE needs to adjust its Rx beam. A parallel functionality already exists for PDSCH scheduling. 
· If the time offset between reception of the DL DCI and the first symbol of the corresponding CSI-RS is less than the threshold Threshold-Sched-Offset, UE assumes that the spatial Rx parameter of AP-CSI-RS is overridden by the spatial QCL assumption for PDSCH reception but the other QCL parameters of AP-CSI-RS is still indicated by its associated aperiodic triggering state. [4]
· The default TCI state for a UE to receive aperiodic CSI-RS is the DMRS of PDSCH in the same slot when the triggered aperiodic CSI-RS is transmitted. [12]
· When the scheduling delay for aperiodic CSI-RS is smaller than the minimum scheduling delay of the UE, the UE may obtain QCL assumptions for an aperiodic CSI-RS transmitted in the PDSCH region from a default TCI state, where the default TCI state corresponds to the TCI state used for PDSCH QCL indication in the slot where the measurement is performed. [17]
· If the scheduling offset between the reception of DCI and the first symbol of the triggered ap-CSI-RS is smaller than a threshold value indicated as a UE capability, a UE assumes the same QCL-typeD applied for ap-CSI-RS resource(s) as the reception of PDSCH. [16]
· When the scheduling delay for aperiodic CSI-RS is smaller than the minimum scheduling delay for UE to update the TCI state, UE may assume that the aperiodic CSI-RS transmitted in the PDSCH region is QCL-ed with a downlink RS used for PDSCH QCL indication in the slot where the measurement is performed. [18]
· For CSI-RS resource set with CSI-RS-ResourceRep set to 'ON', the UE does not expect trigger time offset to be less than Threshold-Sched-Offset. For CSI-RS resource configured with ‘QCL-TypeD’, the UE does not expect trigger time offset to be less than Threshold-Sched-Offset. [10]
· A-CSI-RS beam indication uses the same design as much as possible for PDSCH. [2]
· Default QCL assumption for PDSCH reception can be reused for AP-CSI-RS reception if the offset is smaller than the threshold. [1]
If the time offset between the reception of the DCI triggering a set of ap-CSI-RS resource(s) and the first symbol of the corresponding CSI-RS resource(s) in a slot is less than a threshold value according to UE capability, the UE may assume that the ap-CSI-RS resource(s) and the antenna ports of the PDSCH DMRS port group in that slot are quasi co-located with QCLTypeD, if applicable.
	Company
	Comments

	Intel
	If QCL Type D is included in the QCL configuration of AP-CSI-RS, the scheduling offset of AP-CSI-RS should be larger than threshold according to UE capability. 

	vivo
	Similar view as Intel

	LGE
	Similar to Intel/vivo’s views. We elaborate more, since this issue itself may need a validity check. Two related facts according to the current specifications are given for convenience:
· Fact 1: ap-CSI-RS resource(s) can have only a set-level RRC configurable slot offset (scheduling offset) by RRC.
· Fact 2: ap-CSI-RS resource(s) can only be triggered by UL-DCI (not DL-DCI) also jointly encoded with ap-CSI-reporting.
According to the two facts, our understanding is that the raised issue is totally different from what RAN1 specifications have w.r.t scheduling offset for PDSCH, where PDSCH scheduling offset can be dynamically given by the DCI whereas ap-CSI-RS slot offset is given by RRC only, so that once the slot offset is greater than the UE capability then it will happen all the time (which seems a malfunction, so that we may simply clarify UE does not expect “ap-CSI-RS slot offset exceeds the UE capability”..).

	ZTE
	Support this proposal. Fast CSI-RS transmission based on the default PDSCH beam should be allowed to support fast CSI feedback. Note that different resource sets can be configured with different triggering offsets in different trigger states. So effectively triggering offset can be dynamically selected by the indicated trigger state in an aperiodic triggering DCI.  Different triggering offsets can correspond to different default PDSCH beams and interference conditions. 

	Qualcomm
	The proposal 17 can be generalized to the case where DCI and ap-CSI-RS are not in same slot. Please see changes below. 
Proposal 17: If the time offset between the reception of the DCI triggering a set of ap-CSI-RS resource(s) and the first symbol of the corresponding CSI-RS resource(s) in a slot is less than a threshold value according to UE capability, the UE may assume that the ap-CSI-RS resource(s) and the antenna ports of the PDSCH DMRS port group in that slot are quasi co-located with QCLTypeD, if applicable, where PDSCH is assumed to have same start symbol and time offset threshold as ap-CSI-RS.

	Ericsson
	Agree with Qualcomm that Proposal 17 should allow for DCI and ap-CSI-RS to be in different slots, and that was the intention behind the wording of the proposal. The reason for writing “in a slot” and “in that slot” was to say that whatever slot the CSI-RS is transmitted in, the UE will use the QCL assumption for PDSCH for that same slot for receiving ap-CSI-RS. 

	OPPO
	Share the same view as Intel/vivo/LGE

	MediaTek
	Similar understanding as Intel/vivo/LGE. We do not understand why ap-CSI-RS is transmitted without sQCL assumption known to UE.

	DOCOMO
	Support this proposa

	Samsung
	Share the same view and Intel/Vivo/LGE/OPPO. If offset shall be larger than threshold so that the UE can use proper QCL configuration to receive and measure the CSI-RS. Using PDSCH QCL to override the QCL configuration for AP CSI-RS could cause some technical issue. For example, for a CSI-RS set with CSI-Resouce-Repetition = ‘On’, the UE is supposed to sweep Rx beams to measure those CSI-RS resources. But if we use the rule in this proposal, the UE would have to fix the Rx beam and then the consequence is the transmission of that CSI-RS resource set is wasted.



Some companies bring forward QCL assumptions between consecutive instances of CSI-RS:
· for periodic/semi-persistent CSI-RS resources configured for beam management, if QCL information is not provided, UE assumes same CSI-RS resources from different periodic intervals follow same QCL assumption. [8]
· Measurement restriction is not supported for periodic and semi-persistent CSI-RS resources for beam management [8]
· It should be supported that the UE can assume that in different time instances the CSI-RS with the same resource ID in a resource set should be spatially QCLed. [13]
Further discuss the above proposals on QCL assumptions for consecutive instances of CSI-RS
	Company
	Comments

	Intel
	For periodic CSI-RS, support that UE can assume the spatial QCL for one CSI-RS resource should be consistent. 

	MediaTek
	Similar view as Intel, but extend it to semi-persistent CSI-RS as well. We consider it beneficial to have consistent sQCL assumption for transmissions from different periods, since UE may perform filtering for more reliable estimation.


Dynamic beam indication for AP CSI-RS and AP SRS
The QCL for AP CSI-RS is configured in RRC (similarly, spatialRelation for AP SRS is configured in RRC).  Concerns are raised for such configuration/indication method by considering the transmission type of AP CSI-RS and AP SRS.  Current design only allow semi-static indication. In our current design, the indication method for AP CSI-RS is even more semi-static than SP CSI-RS. Therefore, we suggest to further discuss more dynamic beam indication method for AP CSI-RS.
Samsung Proposal: Further discussion on dynamic beam indication for AP CSI-RS and AP-SRS, e.g., using MAC-CE.
Other
It is the understanding of the moderator that the following functionality is already supported:
· For CSI-RS resource set with CSI-RS-ResourceRep set to 'ON', the UE shall be configured with a per-set Spatial QCL for those CSI-RS resources. When any CSI-RS resource in such a set is used as Spatial QCL source, a UE shall use the same Spatial QCL Rx parameter that is obtained by measuring the set of CSI-RS resources. [10]
· From the perspective of standard simplicity and UE implementation, RAN1 supports P-1 procedure in the form of Alt.2 where CSI-RS-ResourceRep of multiple resource sets are set as ‘OFF’. [12]
It is the understanding of the moderator that for the relevant use cases (RSRP reporting, RLM and beam failure detection), the restriction in the number of ports is already captured.
· In Section 5.1.6.1.2 of TS 38.214, capture that the CSI-RS resource for beam management can only be configured with one or two ports.[6]
One company has the following proposals to clarify the description of CSI-RS for BM. 
· The UE is not expected to receive different periodicity in CSI-RS-timeConfig and NrofPorts in every CSI-RS resource within a CSI-RS resource set configured with CSI-RS-ResourceRep.[4]
· If a UE is configured with the higher-layer parameter CSI-RS-ResourceRep set to ‘ON’, the UE shall assume that the antenna port with the same port index of the configured NZP CSI-RS resources in the CSI-RS resource set is same, where the CSI-RS resources in the resource set are transmitted in different OFDM symbols. If the CSI-RS-ResourceRep is set to ‘OFF’, the UE may not assume that the antenna port with the same port index of the configured NZP CSI-RS resources in the CSI-RS resource set is same.[4]
Timing-related
DCI
Currently, the scheduling of aperiodic CSI-RS is controlled by aperiodicTriggeringOffset offset in NZP-CSI-RS-ResourceSet, and the possible values are between 0 and 4 slots. There are also associated UE capabilities, which describe the minimum value a UE supports. One company proposes to split that UE capability into two: one capability for CSI-RS resource sets with repetition ‘ON’ and another for CSI-RS resource sets with repetition ‘OFF’. Furthermore, it is proposed to extend the value range of the RRC parameter aperiodicTriggeringOffset to include 24 or 16 slots:
· For SCS=120kHz, KB is 28 symbols for CSI-RS with repetition OFF, and is 336 symbols (3 ms) with repetition ON. The latter number can be 224 symbols (2 ms) if needed. FFS symbols for other SCS. [15]
Discuss the extension of the value range for aperiodicTriggeringOffset offline.
Discuss the split UE capability in the UE capability discussion.
One company proposes to clarify how the time offset is defined. Here it should be noted that aperiodicTriggeringOffset is defined on slot basis, where 0 means ‘same slot’ and ‘1’ means ‘next slot’. 
· Time offset toffset is defined as the time duration from the end of last symbol of PDCCH carrying the scheduling DL DCI to the beginning of the first symbol of corresponding PDSCH in each of the scheduled slots. [4]
MAC CE
The latency between for TCI state activation via MAC CE should be determined. It should also be determined if the latency is measured in slots, and if it is SCS dependent. Finally, it should be determined what is the timing reference for the latency derivation:
· Support reserving 2 ms between ACK transmission for PDSCH carrying MAC-CE activation message and the time that UE applies the indicated QCL/spatial-relation assumption. [1]
· For MAC-CE latency, 3ms latency can be considered as baseline UE capability. [8]
· The minimum number of slots between the transmission of a MAC-CE message for beam management and its contents becoming effective for beam management is SCS dependent, and is 8 slots for SCS=60 kHz, 16 slots for SCS=120 kHz. [15]
· Time between the ACK transmission for the PDSCH carrying the MAC-CE activation message and the time that the UE is able to apply the QCL assumption carried by the MAC-CE message. Following is based on assumption of 120 kHz SCS for slot duration. RAN1 will down select a single value per SCS among the following candidate values which may be based on UE capability. [18]
· For PUCCH: Candidate values (slots): 4, 8, 10, 20, 40
· From beam management point of view, MAC-CE command application latency should be primarily be determined to support dynamic beam switching and thus should be within 10 to 20 slots assuming 60/120 kHz SCS. [19]
Agree on the following: the latency for MAC CE activation is [12] slots for 60kHz SCS and [24] slots for 120kHz SCS. The latency is calculated from when the gNB receives the ACK for PDSCH carrying MAC-CE activation message.

	Company
	Comments

	Intel
	Support 10 slots for 60kHz and 20 slots for 120kHz

	ZTE
	Support 2ms latency i.e. 8 slots for 60kHz and 16 slots for 120kHz

	Qualcomm
	Support 8 slots for 60kHz and 16 slots for 120kHz



It’s the view of the moderator that the delay must be calculated from the view of the gNB, since the gNB will transmit according to the new QCL assumption when the delay has passed.
BWP related
Two companies bring up issues regarding inactive BWPs:
· UE is not expected to measure RS on inactive BWP except for RRM purpose. [15]
· TCI state should be memoryless across BWP switching, i.e. to be newly determined after switching to new BWP, except for a predefined transition period after switching, where TCI state on old BWP is used on new BWP. [15]
· When the UE switched back to an original BWP, then the TCI states for PDCCH QCL indication on this original BWP are valid until the re-configuration/re-activation. [3]
It is the opinion of the moderator that the TCI states are memory-less across BWP switching: However, the NW may refer to TCI states directly after BWP activation. Of course, in the absence of up-to-date measurements in a newly activated BWP, the UE may rely on measurements in an old BWP.
Have offline discussions with the intent to clarify the UE behaviour with respect to TCI states and BWP switching.
Multi-slot PDSCH/PUSCH
Some companies have identified that the QCL assumptions for multi-slot transmission. There are two alternatives:
Alternative 1:
· For PDSCH or PUSCH with slot-repetition, all slots share the same TCI state or spatial relation info in Rel-15. PUSCH beam determination is independent of whether PUSCH carries UCI, SCH data, or both. [15]
Alternative 2:
· For PDSCH spanning multiple slots, a UE applies its default or indicated Rx spatial filter(s) depending on the data arrival time earlier or later than Threshold-Sched-Offset. [12]
Alternative 3:
· Follow the same rule of determining spatial QCL assumption based on Threshold-Sched-Offset in each scheduled slot
· Time offset toffset is defined as the time duration from the end of last symbol of PDCCH carrying the scheduling DL DCI to the beginning of the first symbol of corresponding PDSCH in each of the scheduled slots.  When the UE is configured with aggregationFactorDL > 1, toffset is defined per each of the aggregationFactorDL scheduled slots respectively.[4]
For simplicity reasons, the moderator proposes to agree on Alternative 1:
For PDSCH or PUSCH with slot-repetition, all slots share the same TCI state or spatial relation info.
	Company
	Comments

	Intel
	Support this proposal

	vivo
	Support the proposal. 

	ZTE
	Support Alternative 3.  If the scheduling delay is less than Threshold-Sched-Offset , a UE needs to do buffering based on the default PDSCH beam which is defined in per-slot basis.  In the process of buffering, the UE does not know whether a potentially scheduled PDSCH is single slot or multi-slot and hence consistent per-slot behavior should be kept for any potential PDSCH reception including single slot and multi-slot PDSCH reception.

	Qualcomm
	Support the proposal. 

	MediaTek
	Support the proposal.

	DOCOMO
	Support this proposal

	Samsung
	Do not support this proposal because it has some technical concern.
Assume a DCI sent at slot n schedules a multi-slot PDSCH. And the PDSCH will be sent at slots n, n+1, n+2 and n+3. Assume the Threshold-Sched-Offset = 2. Then what the UE knows and can do at each of those slots are:
· At slot n: the UE has not finished the DCI decoding, therefore, the UE can only use the TCI state of CORESET at slot n to buffer the PDSCH symbols.
· [bookmark: _GoBack]At slot n+1: the UE has not finished the DCI decoding, therefore, the UE can only use the TCI state of CORESET at the latest slot. The latest slot here can be slot n+1 or slot n.



Other
One company bring up several issues on QCL and multiple CCs:
· Extend the definition of QCL Type A, B, C, D from single carrier to multiple carriers within a same band. [9]
· The concept of QCL should not apply to the inter-band CA case. Reference signals in different bands cannot be defined as QCL. [9]
While this should be discussed under the QCL agenda item, it is the understanding of the moderator that the definition of QCL already covers multiple carriers: a QCL relation can be specified between any two antenna ports, as long as the antenna ports can be unambiguously defined. The QCL definition even applies between bands. However, it is difficult to see when the NW would signal a QCL relation between bands, since that would probably result in bad performance. 
· When a RS in one carrier is referred to as QCL in another carrier, the carrier index needs to be included in the RRC configuration together with the corresponding CRI, SSB Index or SRI. [9]
It is the understanding of the moderator that this is already supported for TCI states, as described in [23]. For SRS spatial relations, this is not included, and this proposal is copied to section 3.2.6. Also, the same issue is brought forward for PUCCH in section 3.2.1.
Some proposals relate to the simultaneous reception of signals with conflicting QCL assumptions in different CCs. According to chairman’s instructions, this should be handled in agenda item 7.1.2.2.6, and will not be discussed in the beam management agenda item.
· If a UE is required to simultaneously receive two RSs or channels in two separate carriers that are not configured as QCL with each other, the UE applies the QCL assumption of the RS or the channel in the carrier with the lower index to both carriers. [9]
· If a UE is required to transmit SRS/PUCCH/PUSCH in two UL carriers in the same band with different QCL assumptions, UE only transmits in the carrier with the lower carrier index with the corresponding QCL. The PUCCH, PUSCH, or SRS transmission in a slot is dropped completely from the carrier with the higher carrier index if it overlaps with the transmission in the other carrier with conflicting QCL in at least one OFDM symbol. [9]
· There is no constraint on simultaneous UE transmission or reception in different CCs from different bands. [9]
One company proposes a more general revision of the beam management procedures:
· NR to support UE report to assist gNB configuring beam manage procedure (P1/P2/P3/U1/U2/U3) [14]
· NR to support UE request for the number of resources for P3/U3 (P1/U1) beam management procedure [14]
One company brings up the issue of emission limits:
· It should be clarified in 3GPP (RAN4) whether or not directional transmissions at UE in FR2 are subject to emission limit awareness at gNB controlling the UE’s TX beams. [19]
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