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1 Introduction

In RAN#78 meeting, NSA specifications of NR were declared as complete and frozen. It has been agreed that RAN1 shall continue to focus on stabilizing basic and essential functionality for the scope of the December drop in this RAN1#92 meeting. There are some remaining details on beam management which need to be refined or updated in the specification. We provide our TPs on beam management related issues in this contribution.
2 Beam measurement
In RAN1#90, Joint CSI-RS and SS block for beam measurement has been agreed as follows. 
	Agreements:
· Support L1-RSRP reporting of measurements on SS block for beam management procedures
· The following configurations for L1-RSRP reporting for beam management are supported 
· SS block only (with mandatory support by UE)
· CSI-RS only (with mandatory support by UE)
· SS block + CSI-RS independent L1 RSRP reporting
· Joint L1-RSRP using QCL-ed SS-block + CSI-RS is optionally supported by UE (with optionally support by UE)


Meanwhile, the SS block can be configured in resource set if required for L1-RSRP reporting as follows.
Agreements

	SSBResourceMeasList
	List of SSB resources used for beam measurement and reporting in a resource set
	Maximum list size is 64


Therefore, it is recommended that the indication for L1-RSRP computation of both CSI-RS and SS/PBCH is implicitly achieved through configuring both CSI-RS and SS/PBCH within one CSI Resource set associated with Reporting Setting as shown in Figure 1. If so, no new RRC parameter is introduced for indicating this joint L1-RSRP using QCL-ed SS-block + CSI-RS.
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Figure 1 Diagram for the case of both CSI-RS and SS/PBCH for L1-RSRP computation
Proposal-1: 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.
· Notes that only periodic CSI-RS can be configured with SS/PBCH in one CSI resource set
TP1: The text in the paragraph on L1-RSRP computation in {38.214：5.2.1.4
Reporting configurations}

	For L1-RSRP computation

-
the UE may be configured with CSI-RS resources, SS/PBCH Block resources or both CSI-RS and SS/PBCH Block resource in one CSI Resource Set.
-
the UE may be configured with CSI-RS resource setting up to 16 CSI-RS resource sets having up to 64 resources within each set. The total number of different CSI-RS resources over all resource sets is no more than 128.


To make it clear that a CSI Resource Set can contain NZP CSI-RS and/or SS/PBCH block for beam reporting.  The wording on Resource setting in Section 5.2.1.2 in TS 38.214 should be updated accordingly, taking into account the newest RRC parameter list. Therefore we have the TP according to the following comments.

a. The wording on Resource setting in Section 5.2.1.2 in TS 38.214 should be updated accordingly, especially taking into account the newest RRC list. For instance, the higher layer parameter ResourceSetConfig has been removed in RRC list.
b. Descriptions on resource set for NZP-CSI-RS and CSI-IM resources are made together which may have the confusion that they can be configured in the same resource set.  So it is better to make the descriptions separate.

Additionally, some typos are corrected.

TP2: The text in the first paragraph in {38.214：5.2.1.2
Resource Settings }
	Each CSI Resource Setting ResourceConfig contains a configuration of S≥1 CSI Resource Sets.
· If a CSI Resource Set is configured by higher layer parameter ResourceSetConfigList, each CSI Resource Set consisting of NZP CSI-RS resources (higher layer parameters NZP-CSI-RS-ResourceConfigList) and/or SS/PBCH Block resources used for L1-RSRP computation (higher layer parameterSSBResourceMeasList)
· If a CSI Resource Set is configured by higher layer parameter CSI-IM-ResourceSetConfigList, each CSI Resource Set consisting of CSI-IM resources (higher layer parameter CSI-IM-ResourceConfigList)
Each CSI Resource setting is located in the DL BWP identified by the higher layer parameter BWP-info, and all Resource Settings linked to a CSI Report Setting have the same DL BWP.

For periodic and semi-persistent CSI Resource Settings, the number of CSI Resource Sets configured is limited to S=1. Each CSI Resource Set s contains Ks ≥1 CSI-RS resources (higher layer parameter CSI-RS-ResourceConfig) each of which includes at least mapping to REs, number of ports and time-domain behavior as described in Subclause 5.2.2.3.1. The allowable antenna port values and resource mapping patterns are given in Subclause 7.4.1.5 of [4, TS 38.211]. The time domain behavior of the CSI-RS resources within a CSI Resource Setting are indicated by the higher layer parameter ResourceConfigType and can be set to aperiodic, periodic, or semi-persistent. 


3 Beam indication related issues
3.1 On PDSCH 
In PDSCH beam indication, one more further interpretation on UE behavior in the case that scheduling offset < threshold k should be made as shown in the following TPs, where the offset is defined as between the reception of the DL DCI and the corresponding PDSCH. Taking into account the UE capability, the threshold k can be 1-slot or 2-slot depending on UE capability. Moreover, time domain information such as the periodicity is configured per search space per CORESET rather than directly per CORESET, which means that the QCL assumption with scheduling offset less than the threshold should be based on the lowest CORESET-ID with available search space in the latest slot.
Proposal-2: The threshold Threshold-Sched-Offset for PDSCH beam indication can be 1-slot or 2-slot depending on UE capability.
TP3: The text in the fifth paragraph in {38.214：5.1.5
Antenna ports quasi-colocation }

	If the TCI-PresentinDCI is set as 'Enabled', the UE shall use the TCI-States according to the value of the 'Transmission Configuration Indication' field in the detected PDCCH with DCI for determining PDSCH antenna port quasi co-location. The UE may assume that the antenna ports of one DM-RS port group of PDSCH of a serving cell are quasi co-located with the RS(s) in the RS set with respect to the QCL type parameter(s) given by the indicated TCI state if the time offset between the reception of the DL DCI and the corresponding PDSCH is equal to or greater than a threshold Threshold-Sched-Offset, where the threshold is 1-slot or 2-slot depending on UE capability. For both the cases when TCI-PresentInDCI = 'Enabled' and TCI-PresentInDCI = 'Disabled', if the offset between the reception of the DL DCI and the corresponding PDSCH is less than the threshold Threshold-Sched-Offset, the UE may assume that the antenna ports of one DM-RS port group of PDSCH of a serving cell are quasi co-located based on the TCI state used for PDCCH quasi co-location indication of the lowest CORESET-ID in the latest slot in which search space(s) of one or more CORESETs are configured for the UE.


For sub- 6GHz system, the constraint for the offset between reception of the DL DCI and the corresponding PDSCH is NOT necessary, like LTE. Therefore, if spatial Rx parameter for TCI states is not configured, it should be assumed that the constraint related to the threshold Threshold-Sched-Offset is invalid. 

Proposal-3: If all configured TCI states do NOT contain QCL Type D i.e. QCL w.r.t. spatial Rx parameter, a UE shall obtain the other QCL assumptions from the indicated TCI state for its scheduled PDSCH irrespective of the time offset between the reception of the DL DCI and the corresponding PDSCH.
3.2 On CSI-RS
The aperiodic CSI-RS is triggered in DCI field, and so, like PDSCH, 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, the spatial QCL assumption of AP-CSI-RS is overridden by the spatial QCL assumption for PDSCH reception. But, like LTE, the other QCL parameters indicated by the TCI states applied for AP-CSI-RS can be used instead of directly following the scheduled PDSCH or PDCCH. For instance, CSI-RS resources can be carried by narrow beams which have different QCL w.r.t. average delay, delay spread, Doppler shift and Doppler spread from wide beam used for the PDCCH, i.e., CORESET with lowest ID for the perspective of robustness. 
Proposal-4: 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.
3.3 UE behavior for MAC-CE activation/deactivation
Regarding UE behavior between RRC reconfiguration and MAC-CE reactivation, it was discussed in RAN1 AH1801 but no conclusion has been reached.  It should be clarified that the TCI state(s) already activated by MAC-CE should not be affected by RRC reconfiguration of any TCI states until deactivation or re-activation MAC-CE signaling is received and applied, i.e., the content of the MAC-CE activated TCI state(s) should still be used for QCL indication of PDCCH and for the 3-bit TCI table in DCI for QCL indication of PDSCH before next MAC-CE signaling is applied.  As shown in Figure 1, an example of PDCCH transmission is illustrated following the principles below:

1. Within the time duration from initial RRC configuration of TCI states for PDCCH/PDSCH to the completion of MAC activation, e.g., from t0 to t1, the SSB identified in initial access is used as the reference RS for QCL indication since no other associations are available. 

2. In case of reconfiguration, the TCI (i.e., TCI k|RS f) used before RRC reconfiguration (at t2 shown below), is still activated and can be used for QCL indication until the completion of next activation, e.g., from t1 to t3.
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Figure 1 Illustration of PDCCH transmission with configured TCI

To avoid the potential confusion on the TCI configuration for PDCCH/PDSCH, the clarification of above procedures should be captured in current spec. 

TP 4: The text in the paragraph in {38.214：5.1.5
Antenna ports quasi-colocation }
	· The UE receives an activation command [10, TS 38.321] used to map up to 8 TCI states to the codepoints of the DCI field ‘Transmission Configuration Indication’. After a UE receives initial higher layer configuration of TCI states and before reception and application of the activation command, the UE may assume that the antenna ports of one DM-RS port group of PDSCH of a serving cell are quasi co-located with the SSB determined in the initial access procedure with respect to Doppler shift, Doppler spread, average delay, delay spread, spatial Rx parameters, where applicable. 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.


TP 5: The text in the paragraph in {38.213：10.1
UE procedure for determining physical downlink control channel assignment } 
	· If a UE has received initial higher layer configuration of more than one TCI states by using higher layer parameter TCI-StatesPDCCH but not MAC CE activation for one of the TCI states, the UE assumes that the DM-RS antenna port associated with PDCCH reception in the UE-specific search space is quasi co-located with the SS/PBCH block the UE identified during the initial access procedure with respect to delay spread, Doppler spread, Doppler shift, average delay, and spatial Rx parameters, when applicable. 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 Beam reporting related issues
Noticed that differential L1-RSRP has been supported for non-group based beam reporting, even in the case of up to 2 Tx beams (e.g., up to 2 CRIs) to be reported. No absolute RSRP reporting can be supported for multiple reported Tx beams in non-group based beam reporting. It is not reasonable to require a UE to support both differential and absolute beam reporting in order to support group based reporting and non-group based reporting.  Therefore, in order to unify the beam reporting format in the spec, the same reporting format of this differential L1-RSRP should also be used for group based beam reporting.  
Proposal-5: Reporting format of differential L1-RSRP for non-group based beam reporting is reused for group based beam reporting. 
Therefore, we have such following TP.
TP6: The text in the seventh paragraph in {38.214：5.2.1.4

Reporting configurations }

	· if the UE is configured with the higher layer parameter group-based-beam-reporting set to ‘ON’, the UE is not required to update measurements for more than 64 CSI-RS and/or SSB resources, and the UE may report in a single reporting instance up to number-of-beams-reporting L1-RSRP and CSI reports, where up to number-of-beams-reporting CSI-RS or SSB resources can be received simultaneously by the UE either with a single spatial domain receive filter, or with multiple simultaneous spatial domain receive filters where the maximum number of number-of-beams-reporting is 4. If the higher layer parameter number-of-beams-reporting is configured to be one, the reported L1-RSRP value is defined by a 7-bit value in the range [-140, -44] dBm with 1dB step size. If the higher layer parameter number-of-beams-reporting is configured to be larger than one, the UE shall use largest L1-RSRP and differential L1-RSRP based reporting, where the largest value of L1-RSRP uses a 7-bit value and the differential L1-RSRP uses a 4-bit value. The differential L1-RSRP values are computed with 2 dB step size with a reference to the largest L1-RSRP value which is part of the same L1-RSRP reporting instance. 


In Section 5.2.1.4 Reporting configuration, some further explanation on using local CRI rather than global CRI should be made.  In addition, it should be clarified that multiple local CRI values can be reported.  We suggest to follow the wording similar to TS 38.212. Therefore, we have the following TP. 
TP7: The text in the third paragraph in {38.214：5.2.1.4

Reporting configurations }

	When the UE is configured with a CSI-RS resource set and when the higher layer parameter CSI-RS-ResourceRep is set to ‘OFF’, the UE shall determine{ 
[image: image3.wmf]0

CRI

k

, 
[image: image4.wmf]1

CRI

k

, …, 
[image: image5.wmf]1

-

N

CRI

RS

k

 }-th resources, corresponding to the order of the resources in the resource set for CRI reporting, where { 
[image: image6.wmf]0

CRI

k

, 
[image: image7.wmf]1

CRI

k

, …, 
[image: image8.wmf]1

-

N

CRI

RS

k

}  
[image: image9.wmf]}

1

,...,

1

,

0

{

RS

CSI

-

Í

-

s

K

, 
[image: image10.wmf]RS

CSI

-

s

K

 is the number of CSI-RS resources in the corresponding CSI resource set and 
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 as defined in Subclause [6.3.1.1.2] of [5, TS 38.212] in each “CRI/RSRP” report. When the higher layer parameter CSI-RS-ResourceRep is set to ‘ON’, CRI is not reported but L1-RSRP can be reported with the higher layer parameter ReportQuantity set to ‘CRI/RSRP’.


5 Conclusion

In this contribution, we provide TPs on beam management related issues to the current NR specifications. In addition, we have the following proposals for beam measurement and reporting
Proposal-1: 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.

· Notes that only periodic CSI-RS can be configured with SS/PBCH in one CSI resource set
Proposal-2: The threshold Threshold-Sched-Offset for PDSCH beam indication can be 1-slot or 2-slot depending on UE capability.
Proposal-3: If all configured TCI states do NOT contain QCL Type D i.e. QCL w.r.t. spatial Rx parameter, a UE shall obtain the other QCL assumptions from the indicated TCI state for its scheduled PDSCH irrespective of the time offset between the reception of the DL DCI and the corresponding PDSCH.
Proposal-4: 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 overrided 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.

Proposal-5: Reporting format of differential L1-RSRP for non-group based beam reporting is reused for group based beam reporting. 
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