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[bookmark: _Ref489630082]In this contribution, we present Samsung’s updated views on various aspects of DL and UL beam management, including beam indication, beam measurement and reporting, and UL beam management. .
Downlink beam indication 
Significant progress was made in RAN1 #90bis on beam management [1]. In the following sections, we provide our updated views on the downlink beam indication topic in an attempt to consolidate the progress and ensure timely completion of Phase 1 NR WI.
Configuration of TCI States
Above text box captures the key agreements relating to the configuration and update of Transmission Configuration Indication (TCI) states. Agreement [NR AH3]:
A UE is RRC configured with a list of up to M candidate Transmission Configuration Indication (TCI) states at least for the purposes of QCL indication
•	Whether M equal to or larger than  is for further study, where N is the size of the DCI field for PDSCH
•	FFS: Mapping between the candidate states to the states described by N bit DCI field for PDSCH

Agreement [RAN1 #90bis]:
›	Down-select to one of the following 2 options for the DCI field size for TCI in RAN1#91
–	Alt-1: Fixed number of bits [2 or 3] bits
–	Alt-2: A higher layer signaling parameter indicates the number of bits (2 or 3)

Agreement [RAN1 #90bis]:
Support at least the explicit approach for the update of spatial QCL reference in a TCI state.
· FFS: Additional support for implicit update.
· Note: In the explicit approach, the TCI state is updated using either RRC or RRC + MAC-CE based approach

[bookmark: _Ref498093446]Proponents of [2] propose a three-stage configuration and indication of spatial QCL. First, RRC configures a list of candidate TCI states such that each candidate TCI state has a reference to a pool of RS resources (e.g. CRI and/or SSB). Second, following CSI/L1-RSRP measurement and reporting, MAC-CE signalling is used to activate or deactivate up to a maximum of  TCI states from the candidate pool of M states. Third, DCI signalling used to schedule PDSCH also contains an N bit field, which can be used to point to an RS set linked to an activated TCI state. 
Proponents of  [3] claim that the configuration of TCI states should be similar to the PQI field in DCI Format 2D. Based on L1-RSRP reports from the UE, the gNB could configure a list of M TCI states. To each TCI state, the RRC configuration assigns a candidate pool of DL RS indexes for spatial QCL purpose in a certain activation state. Based on the UE’s L1-RSRP and CSI feedbacks, the gNB could update the spatial QCL reference in a TCI state using either RRC or RRC + MAC-CE signalling. MAC-CE activation/de-activation signalling could be activate/de-activate DL RS index (-es) providing spatial QCL reference for each TCI state. To simplify specification impact, it can be treated as error case if UE receives a PDSCH/PDCCH whose configured TCI state is associated with de-activated DL RS indexes. The associated RAN2 impact involves introducing activation/deactivation MAC-CE signalling in order to configure a TCI state with a set of activated DL RS for purposes of spatial QCL. We recommend sending RAN2 an LS informing them of the envisaged RAN2 RRC and MAC-CE impacting features. 
In terms of specification impact, for the  scheme, a new MAC-CE for activation/deactivation of TCI states is necessary. Considering the already intense on-going activity regarding finalizing RRC parameters before end of Phase 1, adding new MAC-CE signalling potentially complicates the RAN2 standardization work. The specification impact for the  scheme is considerably less since existing MAC-CE signalling for activation/deactivation purposes can be straight-forwardly reused. Performance-wise, we anticipate the differences between either scheme to be rather small, considering that explicit signalling mechanisms to update relation between an TCI state and the DL RS index providing spatial QCL have been agreed in RAN1 #90bis. To ensure future proof specification, for the scheme , it might be beneficial to support 3 bit DCI field so that up to 8 TCI states can be configured via RRC signalling. In light of the tight deadline for Phase 1 completion, we slightly prefer  in view of the simpler standardization effort both within and across the RAN WGs.
Proposal 1: The relation between TCI states M and the N bit field in the DL DCI for PDSCH is as follows:
· N is a fixed number set to 3 bits.
· Adopt 
Proposal 2: NR supports the following TCI configuration framework 
· RRC configures a set of up to a maximum of M = 8 TCI states.
· RRC configures each TCI state with a “candidate” pool of DL RS index (-es) (e.g CRIs, SSBI etc.) for purpose of spatial QCL
· No restriction on whether or not the type of RS within a pool can be same or different.
· Maximum candidate pool size is FFS (E.g. 64 indexes)
· Activation/deactivation MAC-CE signaling is used to update TCI state and their configured DL RS index (-es) for purpose of spatial QCL.
· Following configuration of TCI states, a UE does not expect to receive a PDSCH/PDCCH and CSI-RS if their QCL reference is provided by a TCI state that is not linked to any activated DL RS index.
Proposal 3: Send LS to RAN2 informing them of TCI configuration framework.
[bookmark: _Ref498519007]UE Behavior prior to Configuration of TCI States
For a UE to be prepared to receive PDSCH and PDCCH via TCI states and to switch from SSB to CSI-RS based beam management, the following events need to happen in the following (chronological) order:
· RRC configuration of TCI states and CORESET-specific QCL configuration
· Reception of activation MAC-CE for purposes of configuring the UE with the DL RS index (-es) providing spatial QCL for the RS set associated to a given TCI state
· Configuration of QCL between SSB and CSI-RS (more details in [4])
· Indication could be through RRC (P CSI-RS) or MAC-CE (SP CSI-RS) or DCI (AP CSI-RS)
Prior to being configured with the above information, the UE needs default assumptions for receiving PDSCH, PDCCH and CSI-RS. In RAN1 #90, it was agreed that “After entering RRC CONNECTED mode, UE assumes the DM-RS ports of UE-specific PDCCH to be spatially QCL-ed with the SS block identified during initial access by default unless indicated otherwise”. Based on this agreement, before the UE is configured with TCI states, the UE may reuse the same receive beamforming weights as that used to receive SSB during initial access, for purposes of decoding PDCCH during its configured monitoring occasions. It appears reasonable to extend the same assumption regarding spatial QCL for PDSCH reception as well.
Proposal 4: Prior to configuration of TCI states, the UE may assume that the DM-RS of UE-specific PDSCH, PDCCH and CSI-RS (if configured) are implicitly QCL-ed with the SSB/PBCH block determined during its random access procedure. 
Configuration of Presence or Absence of TCI in DCI
In this section and Section 2.4, we provide further views of beam indication operation for the case when spatial QCL is configured/indicated. The case of downlink beam management without beam indication will be discussed in Section 2.5. Based on the agreed WF [1], for the case when at least spatial QCL is configured/indicated, it is agreed that a UE-specific RRC parameter TCI-PresentInDCI is introduced in order to configure the presence or absence of the TCI field in the DL DCI for PDSCH. It remains to be decided whether the granularity of this RRC parameter is a scalar or whether this is a list of Boolean values (e.g. one value per CORESET). If the UE is configured to assume that the TCI field is absent in the DL DCI for PDSCH, the UE applies either a higher-layer signalling or an indication of QCL parameters (details to be finalized). In this section, we provide Samsung’s views on aforementioned aspects.Agreement [RAN1 #90bis]:
· For the case when at least spatial QCL is configured/indicated, support higher-layer UE-specific configuration of whether or not TCI field is present in DL-related DCI
· Not present: No dynamic indication of QCL parameters for PDSCH is provided in DL-related DCI
· For PDSCH, UE applies higher-layer signalling of QCL parameters/indication for determining QCL parameters (details: FFS) except for the case of beam management without beam-related indication (ref:Annex) where no spatial QCL parameters are higher layer configured
· Present: Details on Slide 7.
· Proposed candidate solutions should consider
· Below and above 6GHz DL beam related operation with and without beam indication  
· Downlink beam management with and without beam indication (ref Annex)
· Note: this proposal does not apply to the case of beam management without beam-related indication (ref:Annex)

The main motivation for a per-CORESET configuration of TCI-PresentInDCI is that on certain CORESETs, the TCI-PresentInDCI could be configured “Disabled”. We refer to such a CORESET as a fall-back CORESET. We have discussed the Fall-back CORESET concept in our prior contributions (e.g. R1-1717605, R1-1713595 etc.). During the UE-specific PDSCH monitoring occasions on a fall-back CORESETs, the UE attempts to detect its DL DCI (providing DL assignment), assuming that the DCI payload does not contain an N-bit TCI field. This may be useful for following motivations:
1. simplifies beam indication procedures
2. facilitating potential fall-back operation (e.g. PDSCH follows PDCCH beam)
3. improves control channel coverage due to the reduced DCI payload (N-bit TCI field is absent)
On fall-back CORESETs, the UE applies a pre-configured set of QCL parameters for (potential) PDSCH reception on such CORESETS; this mechanism could be used to provide fall-back PDSCH reception via configuring the higher-layer configured QCL parameters to correspond to a relatively stable, wide beam. The fall-back PDSCH reception is useful if the network determines that dynamic TRP/beam switching on CORESETs configured with TCI-PresentInDCI = ‘enabled’ is less reliable due to UE mobility/blockage etc. This is analogous to LTE Format 1A operation used to provide fall-back reception, via robust PDSCH transmission, for UEs configured with Transmission Modes 3 or larger. Whenever an LTE UE configured with a transmission mode >= 3 receives a DCI Format 1A message, the UE assumes a Transmit Diversity transmission scheme for its PDSCH, and a (different) mode-specific transmission scheme (e.g. Closed-loop MIMO for TM-4) upon reception of other DCI formats.
Observation 1: Per-CORESET configuration of the TCI-PresentInDCI parameter provides the hooks to alternate between dynamic TRP/beam-switching on one CORESET (configured with TCI-PresentInDCI = ‘enabled’) and fall-back PDSCH reception via relatively stable pre-configured beams on a second fall-back CORESET. This is analogous to the fall-back operation in LTE via switching between DCI-1A (transmit diversity transmission scheme) and DCI-2x (RRC mode specific transmission scheme).
Proposal 5: Support UE-specific per-CORESET configuration of the TCI-PresentInDCI parameter.
For sake of simplicity, the pre-configured QCL parameters for PDSCH reception on fall-back CORESETs could be provided using a (fixed) TCI state. Thus, to receive a PDSCH scheduled via DL DCI received on a fall-back CORESET, the UE applies the RS Set linked to that TCI state for determining its QCL parameters for receiving PDSCH.
[bookmark: _Ref498103246]Proposal 6: On CORESET (s) configured with TCI-PresentInDCI = ‘disabled’, for receiving its PDSCH, the UE applies the QCL parameters determined through the TCI state indicated via a higher-layer signalled Default-QCL-PDSCH parameter.
[bookmark: _Ref498517453]Timing Issue of Beam Indication for PDSCH
Based on the agreed WF [1], for the case when at least spatial QCL is configured/indicated, the details for beam indication for PDSCH is as given below:
	Agreement [RAN1 #90bis]:
·  For the case when at least spatial QCL is configured/indicated, NR supports the beam indication for PDSCH as follows, if TCI field is present:
· The TCI field is always present in the associated DCI for PDSCH scheduling irrespective of same-slot scheduling or cross-slot scheduling.
· If the scheduling offset < threshold K: PDSCH uses a pre-configured/pre-defined/rule-based spatial assumption (details: FFS)
· FFS: The other QCL parameters are still obtained from the N-bit TCI state field in the DCI.
· FFS: How to update pre-configured/pre-defined spatial assumption (if applicable)
· Threshold K can be based on UE capability only if multiple candidate values of K are supported. 
· If the scheduling offset >= threshold K: PDSCH uses the beam (spatial QCL parameter) indicated by the N-bit TCI field in the assignment DCI.
· Note: this proposal does not apply to the case of beam management without beam-related indication (ref: Annex)

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




One remaining issue is how to determine or configure the threshold of scheduling offset, i.e., the threshold for the offset between the time of reception of DL assignment for PDSCH and time of reception of PDSCH. Basically there are two alternatives being considered for that. Alt#1 is to define a single fixed value in the specification and UE shall use that value to determine its threshold of scheduling offset. Alt#2 is that the UE indicates to the network its supportable threshold via capability signalling. In our view, NR should support Alt#2 because the capability of UEs could vary a lot. High-end UEs could complete DCI decoding and thereafter obtain the TCI state signalled in DCI within a very short time. On the other hand, low-end UEs might need a much longer time. If one fixed value defined in specification is used, the specification would have provide a conservative value which would require accommodating UEs with a wide range of capabilities. Such choice would be too conservative to high end UE and  create too much scheduling restriction to those UEs. Therefore, we propose Alt#2, i.e., the threshold is indicated to the network as a UE capability. Regarding the unit of threshold, using the number of slots is good choice.
Proposal 7: The parameter Threshold-Sched-Offset is indicated via UE capability signalling and NR supports UE to report the number of slots which is required for the UE to complete the DCI decoding and obtain the spatial QCL reference. 
If the offset between the time of reception of the DL DCI and the reception of PDSCH is below Threshold-Sched-Offset, the UE can apply a special spatial QCL assumption to buffer its PDSCH. There exist a few alternatives to determining that special spatial QCL assumption. One alternative is a high-layer configured TCL state which is used to provide the spatial QCL reference for receiving the PDSCH. Another alternative is a rule-based method, for example, the spatial QCL reference for PDCCH can be assumed here for receiving the PDSCH or the spatial QCL reference indicated by one previous DCI can be assumed here for receiving the PDSCH. In our view,  rule-based methods have technical issues in some scenarios and a high-layer configured one TCI state provides a simple and clean design. A higher-layer configured TCI framework also provides a common framework for purposes of QCL parameters in the case when TCI-PresentInDCI is configured “Disabled” and the case when the time of reception of DL DCI and the reception of PDSCH is below Threshold-Sched-Offset. For detailed discussion and comparison, please see our companion contribution [5].
Proposal 8: If the offset between the time of reception of the DL DCI and the reception of PDSCH is below Threshold-Sched-Offset, the UE applies one TCI state indicated by high layer signalling which is used to provide the spatial QCL reference for receiving its PDSCH. In such a case, the UE determined the remaining QCL parameters through the same TCI state indicated by high layer signaling.
[bookmark: _Ref498103218]Beam Management without Beam Indication
As captured during RAN1 #86bis, RAN1 #87, NR AH1 and RAN1 #89, NR supports the case of beam management with and without beam-indication for purposes of PDSCH, PDCCH and CSI-RS reception. In our view, the envisaged use-cases where the above considerations apply are as follows:
Use-case 1: In sub-6GHz operation, since UE reception will not require analog beams, configuration of DL RS indexes for providing spatial RX parameters will not be required. For this scenario therefore, the operation and usage of TCI states will be identical to the LTE PQI field when DCI Format 2D is configured.
Observation 2: For sub-6GHz and above-6GHz NR operation, the configuration and operation of TCI states is similar. The key difference is that in case of the former, the configuration of TCI states does not contain a reference to a DL RS index for purposes of determination of spatial RX parameters.
Use-case 2: The reason for providing spatial QCL indication during PDSCH/CSI-RS reception is because a UE implementing multiple analog beams may require to select one RX beam from among a set of multiple candidate RX beams. If a UE is capable of using only a fixed receive beam to receive downlink channels, providing spatial QCL indication is unnecessary. This suggests that the UE should report its capability of whether it requires beam indication or not, in order for the network to determine whether or not to configure CSI-RS for beam management. For example, if a UE only implements a fixed Rx beam, then the gNB does not need to configure CSI-RS resources with repetition = ON. Additionally, in the DL DCI used for either PDSCH or for triggering a set of AP CSI-RS resources configured with repetition = OFF (TX beam refinement via P2), there is no need to contain a TCI field. The network may still need to configure more than one TCI states for that UE in case the QCL parameters (other than spatial RX) could be different across TCI states. 
Proposal 8: For determination of whether dynamic beam indication for PDSCH and for Tx/Rx beam refinement procedures, support UE capability reporting of whether it supports beam indication or not.
Use-case 3: A base-line beam management procedure, as captured in [3], could consist of an initial coarse SSB beam establishment followed by P2/P3 beam refinement procedures triggered using AP CSI-RS which are QCL-ed with that SSB resource. The handling of this use-case, in our view, is no different than the UE behavior before TCI states are configured (refer discussion in Section 2.2)
Observation 3: A baseline beam management procedure in above 6GHz without any beam indication can be identical to UE procedures prior to configuration of TCI states: the UE assumes that its UE-specific PDSCH, PDCCH and CSI-RS (if configured) are QCL-ed with the SSB/PBCH determined during random access procedure.
DL Beam Measurement and Reporting
SS/PBCH Block for Beam Measurement and Reporting
It is agreed to configure SS/PBCH blocks in beam measurement and reporting as follows [1]:
	· Support Alt#1 for SSB: configuration of SSB resources within a resource setting for beam management. L1-RSRP measurement on those configured resources is reported. 
· Support the following RRC parameter: 
· resource-config-SS-list   List of SSB resources used for beam measurement and reporting in a resource set. Source: R1-1719059                 
· Value range: {SSB indices}         



SS/PBCH blocks are sent for initial access. The gNB can transmit up to 64 SS/PBCH blocks in one period and the UE should assume different Tx beams are applied to different SS/PBCH blocks. The actually transmitted SS/PBCH blocks can be indicated by a full bitmap signalled by RRC signalling or a compressed bitmap (which is group-bitmap 8bits + bitmap in one group 8bits) signalled in RMSI. The actually transmitted SS/PBCH blocks can be considered as the whole set of SS/PBCH blocks for beam management. The network should configure one or more among the actually transmitted SS/PBCH blocks indicated by full-bitmap in RRC or compressed bitmap in RMSI for beam measurement and reporting.
Proposal 10: In resource setting configuring SS/PBCH block for beam management, the UE can be configured to measure one or some or all of the actually transmitted SSBs indicated by the full bitmap in RRC and/or compress bitmap in RMSI. 

CSI-RS for Beam Measurement and Reporting
For CSI-RS resource configurations for beam management, we have two agreed configurations and one remaining FFS part as follows [7]:
	NR supports the following configurations for beam management where a resource set is formed from multiple beam management CSI-RS resources and is contained within a resource setting:
Single resource set with repetition = “OFF”
UE reports CSI-RS resource indicator(s) within this resource set for CRI feedback
Single resource set with repetition = “ON”
UE does not report CRI
FFS: Further support additional configuration by down selection from the following two alternatives:
(a) Multiple resource sets, all with repetition = “ON” 
UE reports CSI-RS resource set indicator(s) for CRI feedback
· FFS: Whether set ID(s) are local within a resource setting or global across all resource settings
(b) Multiple equal-size resource sets, all with repetition = “OFF”
UE reports distinct local CSI-RS resource indicator(s) within one or more resource sets. The UE can assume that the gNB applies the same Tx beams in the same order for each of the sets
Note: Not all configurations are applicable for P1/P2/P3
FFS: Dimensioning of the bit width of the UCI field which can carry either CRI(s) or CSI-RS resource set indicator(s)



Regarding “(a)” in the above FFS part, it can be used to support the FDM between SS/PBCH block and multiple CSI-RSs as shown in Figure 1. For the SS/PBCH block transmission, gNB can generate a “composite beam” where all component beams from multiple antenna panels share the same single antenna port in a SS/PBCH block. The composite beam is kept during four symbols for the SS/PBCH block transmission. During the same four symbols, multiple CSI-RS can also be transmitted with the SS/PBCH block in a FDM manner where each CSI-RS is transmitted via a “component beam” from each antenna panel. Hence, over the four symbols, also for the CSI-RS transmission, the same component beam should be kept. 
In this regard, it is desirable to agree on “(a)” in the above FFS part in NR specification. In a single resource setting, multiple resource sets are configured with “Repetition = ON” which are FDMed with each other. Based on the measurement of this resource setting, UE can report its best beam index by means of a CSI-RS resource set ID. Based on this configuration, as shown in Figure 1, UE can have at least four times of Rx beam sweeping chance per each SS/PBCH block FDMed with multiple CSI-RS sets. Since this SS/PBCH block is transmitted periodically, this seems beneficial for the network to minimize additional allocation of AP CSI-RS only for P3 BM purpose. 
In our view, “(b)” in the FFS part can be the same with the already agreed configuration. The same functionality intended by “(b)” can be supported by configuring a single resource set within a resource setting with repetition = “OFF” and configure its periodicity relatively short. If there is no additional measurement restriction is applied, UE can assume the same Tx beam across periodically transmitted CSI-RS.

Proposal 11: NR supports the following configurations for beam management where a resource set is formed from multiple beam management CSI-RS resources and is contained within a resource setting:
Multiple resource sets, all with repetition = “ON” 
UE reports CSI-RS resource set indicator(s) for CRI feedback
· FFS: Whether set ID(s) are local within a resource setting or global across all resource settings

[image: ]
Figure 1. FDM between SSB and CSI-RS

Beam Reporting Contents
For non-group based beam reporting, we have reached the following agreement [1]:
	· For non-grouping based beam reporting, support the following reports parameters:
· Maximal number of configured Tx beams for beam measurement: K equals 64
· Maximal number of configured Tx beams to be reported in one instance: N_max = 2, 4  where a subset of N (N<=N_max where N = 1, 2, 4) beams can be selected by the gNB and indicated to the UE (FFS signaling mechanism)
· Reporting differential L1-RSRP when multiple beams are reported in one reporting instance. Reference is the largest L1-RSRP in that reporting instance. FFS other reference for differential reporting. 
· FFS applicable reporting channels and number of beams, and associated reporting contents 
· FFS: the UE adjusts the L1-RSRP of multiple RS resources according to the power offset between them
· Bit-width: 7bit for L1-RSRP ranging from -140dBm to -44dBm with 1dB stepping size (analogous with LTE) and 4bit for differential L1-RSRP 
· FFS stepping size of differential quantization 



One remaining detail is the bit-width for CRI or SSBI (SS/PBCH block index) and the stepping size of differential L1-RSRP quantization. In our view, 6bits can be used for CRI and SSBI because the maximal number Tx beams for one UE to measure and report is K = 64. Another method can be the bit-width for CRI or SSBI is determined based on the number of CSI-RS resources or SS/PBCH blocks configured in one resource setting for beam measurement and reporting. For example, the number of bits for CRI/SSBI can be  where  is the number of CSI-RS resources or SS/PBCH blocks configured in one resource setting for beam measurement and reporting. Regarding the step-size for differential L1-RSRP, the differential L1-RSRP should have finer resolution than the absolute L1-RSRP because the differential L1-RSRP is used to differentiate the different between those reported Tx beams and thus a finer resolution is needed. Therefore, we propose to use 1dB as the stepping size for differential L1-RSRP. A 4-bit value is used for differential L1-RSRP and the range of differential L1-RSRP can be given as follows:
	The value of 4-bit
	Differential L1-RSRP range

	0x0000
	0dB ≤ differential L1-RSRP < 1dB

	0x0001
	1dB ≤ differential L1-RSRP < 2dB

	…
	…

	0x1111
	12dB ≤ differential L1-RSRP 



The largest L1-RSRP of N reported CRI or SS/PBCH blocks is used as the reference for differential L1-RSRP. Therefore, in a single reporting instance, the CRI or SS/PBCH block index should be reported in a particular location so that gNB is aware which CRI or SSBI has the largest L1-RSRP in that reporting instance. For a beam reporting with N = 4 CRIs, assuming the L1-RSRP of CRI1 ≥ the L1-RSRP of CRI2 ≥ the L1-RSRP of CRI3 ≥ the L1-RSRP of CRI4. If 6-bit value is used for CRI/SSBI, 4-bit value is used for differential L1-RSRP and 7-bit value is used for L1-RSRP, totally 43bits are needed for reporting N = 4 CRIs/SSBIs. The 43-bit payload  can be arranged in the following way: bits  is the CRI1, bits  is the CRI2, bits  is the CRI3 and bits  is the CRI4; bits  is the L1-RSRP of CRI1; bits  is the differential L1-RSRP of CRI2; bits  is the L1-RSRP of CRI3 and bits  is the L1-RSRP of CRI4. 
Proposal 12: For non-grouping based beam reporting:
· 6bit value is used for CRI and SS/PBCH block index;
· 1dB step size is used for differential L1-RSRP and the range of differential L1-RSRP is [0dB, 15dB];
· The bit-payload for reporting N = 4 CRIs/SSBIs is arranged as:
· Bits  is the CRI1, bits  is the CRI2, bits  is the CRI3 and bits  is the CRI4; bits  is the L1-RSRP of CRI1; bits  is the differential L1-RSRP of CRI2; bits  is the L1-RSRP of CRI3 and bits  is the L1-RSRP of CRI4. 
· Note: assuming the L1-RSRP of CRI1 ≥ the L1-RSRP of CRI2 ≥ the L1-RSRP of CRI3 ≥ the L1-RSRP of CRI4
· Note: reporting N = 1/2/3 CRIs/SSBIs use the same method.
Remaining details for group-based beam reporting
For group-based beam reporting, we have reached the following agreement. One UE can be requested to report N =2 different Tx beams that can be received simultaneously.
	Agreements:
· Support the following for group based beam reporting, if group based beam reporting is configured:
· In a beam reporting instance, a UE can be configured to report N different Tx beams that can be received simultaneously
· Note: UE may report N or fewer beams in a given reporting instance
· N is configured by the gNB where N<= Nmax
· Nmax depends on UE capability
· FFS:  how to define the UE capability
· N =2 is supported. Further study {4,8}
· Notes: Information indicating group is not required to be reported in Rel-15
· Note: 
· From the perspective of Alt-1, the UE reports one group with N Tx beams.
· From the perspective of Alt-2, the UE reports N group with one Tx beam per each group.
· Note: Mechanisms to reduce UE complexity for beam pair search should be further studied



The use case for group-based beam reporting is for multiple panel TRP. The UE can report N = 2 different Tx beams for two different panels at the TRP so that the gNB can use those two different Tx beam from two different panels to transmit multiple layer PDSCH. To support such function, the gNB needs to configure the UE to select Tx beam for two different TRP Tx panels. Therefore, the following proposal is made to complete the feature of group-based beam reporting:
Proposal 13: NR supports the following configuration for beam management:
· Two resource setting: a single resource set in each resource setting and the resource set with repetition = ‘OFF’;
· One UE is configured to select one CRI or SSBI from each of these two resource settings for group-based beam reporting.
For detailed discussion, please see our companion contribution [6].
UL Beam Management
Transmission of SRS
To support UL beam management, we need beam sweeping operation on SRS transmission. The following agreement was made on SRS transmission for UL beam management [1]:
	· 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.



To support UL beam management, the beam sweeping operation across the multiple NR-SRS resources should be configurable. The basic functions of UL beam management include U-1, U-2 and U-3 procedure. In U-1 procedure, initial beam alignment should be achieved. To realize that, the UE is requested to sweep multiple different Tx beams on different SRS resouces and the gNB can measure and then select the ‘best’ Tx beam. Periodic SRS resource is suitable for initial Tx beam sweeping, i.e., U-1 procedure. For U-1 prceodure, the Tx beams can be determined by two methods. One method is indicated by gNB. The gNB can configure the spatial QCL reference to each periodic SRS resource through RRC configuration. In U-2 procedure, the gNB sweeps TRP Rx beams with respect to one same UE Tx beam. To realize that, the UE is requested to keep one same Tx beam on multiple SRS transmissions so that the gNB can refine its Rx beam with respect to one particular Tx beam. To support the function of U-2 procedure, we need to configure the UE to (1) repeat one same Tx beamformer on multiple SRS resources that is TDMed and (2) that Tx beamformer can be indicated by the gNB.
In U-3 procedure, the UE is requested to transmit multiple different Tx beams that is the refined beamforming direction with respect to some direction. To realize that, the UE is requested to formulate multiple different beamforming direction with respect to one Tx beamforming direction and then apply those Tx beams on multiple SRS resources so that the gNB can measure and then select the ‘best’ Tx beam. To support the function of U-3 procedure, we need to configure the UE to (1) apply different Tx beams on multiple SRS resources and (2) those Tx beams are generated by one UE with respect to one Tx beamforming direction indicated by the gNB.
Aperiodic SRS and semi-persistent SRS are more suitable to support the function of U-2 and U-3 procedure. In one example, the gNB can trigger one set aperiodic SRS resource and the UE is indicated to apply one same Tx beams on those SRS resources to implement U-2 function. In another example, the gNB can trigger one set of aperiodic SRS resources and the UE is indicated to apply different Tx beam on those SRS resources. But those Tx beams cannot arbitrary beamforming direction. The gNB can request the UE to generate those beamforming direction with respect to one beamforming direction as indicated by the gNB. By doing that, the function of U-3, i.e., Tx beam refinement can be realized. To support those function, in our view, we need to support the following configuration for aperiodic SRS and semi-persistent SRS:
For aperiodic SRS: for a set of aperiodic SRS, an indicator of Tx beam repetition “on/off” should be configured. If it is “on”, the UE is requested to apply a same Tx beams on SRS resources in that set. If it is “off”, the UE is requested to apply different Tx beams on SRS resources in that set. That “on/off” indicator can be configured through RRC signalling or signalled in the DCI that triggers the transmission of a set of aperiodic SRS resources. We also need to configure or indicate one Tx beamforming direction for a set of aperiodic SRS resources. That can be realized by configure a spatial QCL reference for a set of aperiodic SRS resources. That can also be realized by signalling one SRI or CRI or SSBI in the DCI that triggers the transmission of one set of aperiodic SRS resources. With such configuration for a set of N aperiodic SRS resource, the behaviour of the UE would be like the following to support U-2 and U-3 procedure:
· If the indicator is ‘On”, the UE would apply and repeat the Tx beam obtain from the signalled SRI/CRI/SSBI on the set of aperiodic SRS resources.
· If the indicator is ‘Off”, the UE would first generate N different refined Tx beams according to the signalled SRI/CRI/SSBI and then the UE apply those N different Tx beams on those N SRS resources.
For semi-persistent SRS, similar configuration should be supported. An indicator of Tx beam repetition “on/off” should be configured by RRC or indicated through the activation MAC-CE message. One SRI/CRI/SSBI can be signalled in the activation MAC-CE as the spatial QCL reference for the activated set of semi-persistent SRS. Based on the indicator “On/off” and the indicated SRI/CRI/SSBI, the UE would apply Tx beam repetition or refined Tx beam sweeping on activated semi-persistent SRS accordingly.
Therefore, we make the following proposals on SRS configuration and transmission:
Proposal 14: For aperiodic and semi-persistent SRS resource, the NW can configure/indicate a Tx beam repetition indicator with values “on/off” for a set of SRS resource and signal a SRI/CRI/SSBI in trigger/activation message as the spatial QCL reference:
· If the indicator is “On”, the UE is requested to apply a same Tx beam on those NR-SRS resource and the Tx beam is indicated by the SRI/CRI/SSBI signalled in trigger/activation message.
· If the indicator is “Off”, the UE is requested to apply different Tx beams on those NR-SRS resources and those different Tx beams are generated according to the SRI/CRI/SSBI signalled in trigger/activation message.
SRS grouping for UL beam management
Regarding the SRS grouping configuration, in our view, it is not essential feature for UL beam management and we do not need support it now for UL beam management. The major use case for SRS grouping configuration is for multiple-panel UEs. The supporting of multiple-panel UE is not part of phase 1A. Furthermore, UL beam management for multiple-panel UEs can be supported without SRS grouping configuration. The UE can transmit one SRS resource corresponding composite beam that is composed by multiple analog beams from multiple different UE panels. By selecting one SRS resource, the gNB can actually select analog beams for multiple panels.
Proposal 15: SRS grouping is not essential feature for UL beam management. Suggest to discuss it in later phase.
UL beam Indication
Similar to TCI configuration for DL beam indication, RRC signalling can associate reference RS and target RS for spatial QCL assumption, which configures M TCI states and corresponding RS(s)/RS ID(s). Each TCI state has the candidates of reference RS which are spatially QCLed with DM-RS of PUSCH. Also, RS ID(s) of corresponding reference RS(s) are configured for each TCI state. In RAN1 #90 meeting, N-bit indicator field in DCI for PDSCH beam indication has been agreed for NR. Similarly, DCI of UL grant should include N-bit indicator to select one TCI state. To enable simpler configuration/indication of TCI state, we support  where M is the number of TCI states in RRC configuration and N is the number of TCI bits in DCI. Based on , combination of RRC+DCI enables beam indication of PUSCH. If we use only RRC signalling for configuration of TCI states, the TCI states cannot be updated until the next RRC signalling. For dynamic UL beam indication, MAC-CE signalling can update one or more TCI states.
Proposal 16: For PUSCH beam indication, NR supports the following signalling:
· RRC signalling configures M TCI states and corresponding RS(s)/RS ID(s). Each TCI state has the following information:
· Candidates of reference RS which are spatially QCLed with DM-RS of PUSCH
· RS ID(s) of corresponding reference RS(s) (e.g. SRI, CRI, SSB index)
· MAC-CE signalling updates one or more TCI states, which enables dynamic beam indication for UL transmission.
· DCI signalling is used for selection of the final TCI state.
Proposal 17: Support , where M is the number of TCI states in RRC configuration and N is the number of TCI bits in DCI.
For PUCCH transmission, the UE needs to select some Tx beam. The Tx beam for PUCCH transmission, including both short PUCCH and long PUCCH, should be controlled by the NW, similarly to the transmission of PUSCH. The NW can indicate one SRI or CRI to the UE as the Tx beam indication for all the PUCCH channel configured to that UE. RRC or MAC-CE signalling can be used to indicate one SRI or CRI for the UE to determine the Tx beam for PUCCH channel. For those UE just entering RRC status, the UE can assume to use the Tx beam learnt during random access to transmit PUCCH channel before he receive explicit signalling configuring the Tx beam for PUCCH.
Proposal 18: NR supports MAC-CE to indicate one SRI/CRI/SSBI for the UE to determine the Tx beam for PUCCH channels.
Beam management for PUCCH is expected to be less dynamic than PUSCH, since main purpose of PUCCH is maintaining a stable set of beams. Also, different beam-widths could be applied to beams for PUCCH and PUSCH. Therefore, different beam indication should be available between PUCCH and PUSCH. In our view, RRC + MAC-CE signalling can enable beam indication for PUCCH. For efficient RRC configuration, TCI states are utilized for both PUCCH and PUSCH. MAC-CE signalling is used for selection of the final TCI state and corresponding RS ID.
Proposal 19: For PUCCH beam indication, NR supports the following signalling:
· TCI states are utilized for both PUCCH and PUSCH.
· MAC-CE signalling is used for selection of the final TCI state and corresponding RS ID.
Conclusions
In this contribution, Samsung’s views on beam management, beam measurement and reporting, and UL beam management in NR are presented. The following proposals are made:
Proposal 1: The relation between TCI states M and the N bit field in the DL DCI for PDSCH is as follows:
· N is a fixed number set to 3 bits.
· Adopt ; re-visit this if significant performance shortcomings are identified.
Proposal 2: NR supports the following TCI configuration framework 
· RRC configures a set of up to a maximum of M = 8 TCI states.
· RRC configures each TCI state with a “candidate” pool of DL RS index (-es) (e.g CRIs, SSBI etc.) for purpose of spatial QCL
· No restriction on whether or not the type of RS within a pool can be same or different.
· Maximum candidate pool size is FFS (E.g. 64 indexes)
· Activation/deactivation MAC-CE signaling is used to update TCI state and their configured DL RS index (-es) for purpose of spatial QCL.
· Following configuration of TCI states, a UE does not expect to receive a PDSCH/PDCCH and CSI-RS if their QCL reference is provided by a TCI state that is not linked to any activated DL RS index.
Proposal 3: Send LS to RAN2 informing them of TCI configuration framework.
Proposal 4: Prior to configuration of TCI states, the UE may assume that the DM-RS of UE-specific PDSCH, PDCCH and CSI-RS (if configured) are implicitly QCL-ed with the SSB/PBCH block determined during its random access procedure
Proposal 5: Support UE-specific per-CORESET configuration of the TCI-PresentInDCI parameter.
Proposal 6: On CORESET (s) configured with TCI-PresentInDCI = ‘disabled’, for receiving its PDSCH, the UE applies the QCL parameters determined through the TCI state indicated via a higher-layer signalled Default-QCL-PDSCH parameter.
Proposal 7: The parameter Threshold-Sched-Offset is indicated via UE capability signalling and NR supports UE to report the number of slots which is required for the UE to complete the DCI decoding and obtain the spatial QCL reference. 
Proposal 8: If the offset between the time of reception of the DL DCI and the reception of PDSCH is below Threshold-Sched-Offset, the UE applies a higher-layer configured TCI value which is used to provide the spatial QCL reference for receiving its PDSCH. In such a case, the UE determined the remaining QCL parameters through the N bit TCI field in the DL DCI.
Proposal 9: For determination of whether dynamic beam indication for PDSCH and for Tx/Rx beam refinement procedures, support UE capability reporting of whether it supports beam indication or not.
Observation 3: A baseline beam management procedure in above 6GHz without any beam indication can be identical to UE procedures prior to configuration of TCI states: the UE assumes that its UE-specific PDSCH, PDCCH and CSI-RS (if configured) are QCL-ed with the SSB/PBCH determined during its random access procedure.
Proposal 10: In resource setting configuring SS/PBCH block for beam management, the UE can be configured to measure one or some or all of the actually transmitted SSBs indicated by the full bitmap in RRC and/or compress bitmap in RMSI. 

Proposal 11: NR supports the following configurations for beam management where a resource set is formed from multiple beam management CSI-RS resources and is contained within a resource setting:
Multiple resource sets, all with repetition = “ON” 
UE reports CSI-RS resource set indicator(s) for CRI feedback
· FFS: Whether set ID(s) are local within a resource setting or global across all resource settings
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Proposal 12: For non-grouping based beam reporting:
· 6bit value is used for CRI and SS/PBCH block index;
· 1dB step size is used for differential L1-RSRP and the range of differential L1-RSRP is [0dB, 15dB];
· The bit-payload for reporting N = 4 CRIs/SSBIs is arranged as:
· Bits  is the CIR1, bits  is the CIR2, bits  is the CRI3 and bits  is the CRI4; bits  is the L1-RSRP of CRI1; bits  is the differential L1-RSRP of CRI2; bits  is the L1-RSRP of CRI3 and bits  is the L1-RSRP of CRI4. 
· Note: assuming the L1-RSRP of CRI1 ≥ the L1-RSRP of CRI2 ≥ the L1-RSRP of CRI3 ≥ the L1-RSRP of CRI4
· Note: reporting N = 1/2/3 CRIs/SSBIs use the same method.
Proposal 13: NR supports the following configuration for beam management:
· Two resource setting: a single resource set in each resource setting and the resource set with repetition = ‘OFF’;
· One UE is configured to select one CRI or SSBI from each of these two resource settings for group-based beam reporting.
Proposal 14: For aperiodic and semi-persistent SRS resource, the NW can configure/indicate a Tx beam repetition indicator with values “on/off” for a set of SRS resource and signal a SRI/CRI/SSBI in trigger/activation message as the spatial QCL reference:
· If the indicator is “On”, the UE is requested to apply a same Tx beam on those NR-SRS resource and the Tx beam is indicated by the SRI/CRI/SSBI signalled in trigger/activation message.
· If the indicator is “Off”, the UE is requested to apply different Tx beams on those NR-SRS resources and those different Tx beams are generated according to the SRI/CRI/SSBI signalled in trigger/activation message
Proposal 15: SRS grouping is not essential feature for UL beam management. Suggest to discuss it in later phase.
Proposal 16: NR supports high-layer signalling to indicate one SRI/CRI/SSBI for the UE to determine the Tx beam for PUCCH channels.
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