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CSI Framework for Beam Management
Motivation
For the following paragraph in Section 5.2.1.4.2 [1], the information about UE implementation (Marked in YELLOW) is provided for how to receive signals simultaneously. As a general principle, the detailed UE implementation should not be specified from the specification perspective.  
if the UE is configured with the higher layer parameter group-based-beam-reporting set to 'ON', 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 and 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

Suggestion 1: In Section 5.2.1.4.2 of TS 38.214, remove the description on the detailed UE implementation as follows.
· if the UE is configured with the higher layer parameter groupBasedBeamReporting set to 'enabled', the UE is not required to update measurements for more than 64 [CSI-RS and or SSB] resources, and the UE shall report in a single reporting instance two different [CRI or SSBRI] for each report setting, where [CSI-RS and 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.

Based on the common understanding of RAN1, a CSI-RS resource set configured with the higher layer parameter repetition is used for beam management, no matter repetition is set to 'on' or 'off'. Thus “set to ‘on’” should be removed from the second paragraph in Section 5.1.6.1.2 of TS 38.214.

In RAN1#92bits meeting, we agreed that “A CSI-RS resource set should not be configured with TRS-info and CSI-RS-ResourceRep simultaneously”, which has been captured in Section 5.1.6.1.1 of TS 38.214. Thus we can just say a CSI-RS resource set configured with repetition is used for beam management, and don’t need to add redundant restriction of “configured without higher layer parameter trs-Info”.

Thus we have the following suggestion
Suggestion 2: In Section 5.1.6.1.2 of TS 38.214, adopt the following modification.
· If the UE is configured with a CSI-ReportConfig with reportQuantity set to "cri-RSRP", or "none" and if the CSI-ResourceConfig for channel measurement (higher layer parameter resourcesForChannelMeasurement) contains a NZP-CSI-RS-ResourceSet that is configured with the higher layer parameter repetition set to ‘on’ and configured without the higher layer parameter trs-Info, the UE can only be configured with 1 or 2 ports with the higher layer parameter nrofPorts for all CSI-RS resources within the set,  ….

Text proposal
Section 5.2.1.4.2 of TS 38.214
Based on the above discussion, we make the following text proposal to capture the above suggestion for Section 5.2.1.4.2 of TS 38.214

/******************** Start of Text Proposal for Section 5.2.1.4.2 of TS 38.214*********************/
[bookmark: _Toc510988194]5.2.1.4.2	Report Quantity Configurations
If the UE is configured with a CSI-ReportConfig with the higher layer parameter reportQuantity set to 'cri-RI-PMI-CQI ', 'cri-RI-i1', 'cri-RI-i1-CQI', 'cri-RI-CQI' or 'cri-RI-LI-PMI-CQI', and multiple resources are configured in the corresponding resource set for channel measurement, then the UE shall derive the CSI parameters other than CRI conditioned on the reported CRI.
If the UE is configured with a CSI-ReportConfig with the higher layer parameter reportQuantity set to 'cri-RSRP' or 'ssb-Index-RSRP'
-	if the UE is configured with the higher layer parameter groupBasedBeamReporting set to 'disabled', the UE is not required to update measurements for more than 64 [CSI-RS and or SSB] resources, and the UE shall report in a single report nrofReportedRS (higher layer configured) different [CRI or SSBRI (SSB Resource Indicator)] for each report setting. 
-	if the UE is configured with the higher layer parameter groupBasedBeamReporting set to 'enabled', the UE is not required to update measurements for more than 64 [CSI-RS and or SSB] resources, and the UE shall report in a single reporting instance two different [CRI or SSBRI] for each report setting, where [CSI-RS and 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. 
If the UE is configured with a CSI-ReportConfig with the higher layer parameter reportQuantity set to ‘cri-RI-PMI-CQI', ' cri-RI-i1', 'cri-RI-i1-CQI', 'cri-RI-CQI' or 'cri-RI-LI-PMI-CQI', then the UE is not expected to be configured with more than 8 CSI-RS resources in a CSI-RS resource set contained within a resource setting that is linked to the CSI-ReportConfig.
If the UE is configured with a CSI-ReportConfig with higher layer parameter reportQuantity set to 'cri-RSRP' or ‘none' and the CSI-ReportConfig is linked to a resource setting configured with the higher layer parameter resourceType set to 'aperiodic', then the UE is not expected to be configured with more than 16 CSI-RS resources in a CSI-RS resource set contained within the resource setting.
<text omitted>
/******************** End of Text Proposal for Section 5.2.1.4.2 of TS 38.214*********************/

Section 5.1.6.1.2 of TS 38.214
Based on the above discussion, we make the following text proposal to capture the above suggestion for Section 5.1.6.1.2 of TS 38.214

/******************** Start of Text Proposal for Section 5.1.6.1.2 of TS 38.214*********************/
[bookmark: _Toc501048175][bookmark: _Hlk508639358]5.1.6.1.2	CSI-RS for L1-RSRP computation
If a UE is configured with a NZP-CSI-RS-ResourceSet configured with the higher layer parameter repetition set to 'on', the UE may assume that the CSI-RS resources, described in Subclause 5.2.2.3.1, within the NZP-CSI-RS-ResourceSet are transmitted with the same downlink spatial domain transmission filter, where the CSI-RS resources in the NZP-CSI-RS-ResourceSet are transmitted in different OFDM symbols. The UE is not expected to receive different periodicity in periodicityAndOffset and different nrofPorts in every CSI-RS resource within the set. If repetition is set to 'off', the UE shall not assume that the CSI-RS resources within the NZP-CSI-RS-ResourceSet are transmitted with the same downlink spatial domain transmission filter.
If the UE is configured with a CSI-ReportConfig with reportQuantity set to "cri-RSRP", or "none" and if the CSI-ResourceConfig for channel measurement (higher layer parameter resourcesForChannelMeasurement) contains a NZP-CSI-RS-ResourceSet that is configured with the higher layer parameter repetition set to ‘on’ and configured without the higher layer parameter trs-Info, the UE can only be configured with 1 or 2 ports with the higher layer parameter nrofPorts for all CSI-RS resources within the set, and then the UE may be configured with the CSI-RS resource in the same OFDM symbol(s) as an SS/PBCH block, and the UE may assume that the CSI-RS and the SS/PBCH block are quasi co-located with 'QCL-TypeD' if 'QCL-TypeD' is applicable. Furthermore, the UE shall not expect to be configured with the CSI-RS in PRBs that overlap with those of the SS/PBCH block, and the UE shall expect that the same subcarrier spacing is used for both the CSI-RS and the SS/PBCH block.

/******************** End of Text Proposal for Section 5.1.6.1.2 of TS 38.214*********************/

Beam Indication
Motivation
In TS 38.212 [2], the DCI format 1-0 doesn’t have the 'Transmission Configuration Indication' field. That is to say, DCI format 1-0 will not support the dynamic indication of TCI states. Thus 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. However, the current configuration of CORESET in Section 10.1 of TS 38.213 [3] still includes that such indication may be applicable for both DCI format 1-0 and DCI format 1-1, which is not aligned with RAN1 agreements. We need to fix it.

Suggestion 3: 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.

In Section 5.1.5 of TS 38.214, there are two different UE behaviors defined for the cases regarding TCI-PresentInDCI  set as 'Disabled':
· One is for the case TCI-PresentInDCI  set as 'Disabled'
· The other is for the case TCI-PresentInDCI  set as 'Disabled' and the offset is less than a threshold
These two UE behaviors are colliding with each other. Thus we need to fix it in the specification. 

Suggestion 4: In Section 5.1.5 of TS 38.214, fix the UE behavior for the cases that TCI-PresentInDCI set as 'Disabled'.

There was some discussion on the beam determination of multi-slot PDSCH. Several solutions were proposed but no consensus was achieved. Generally speaking, multi-slot PDCCH with repetition is used for the UE at cell edge in order to ensure the coverage. In this case, the requirement of low latency can be relaxed. Thus we have the following suggestion to simplify the solution for beam determination of multi-slot PDSCH

Suggestion 5: For a UE configured with TCI states containing QCL-TypeD, the time offset between the reception of the DL DCI and the corresponding multi-slot PDSCH should be equal to or greater than a threshold Threshold-Sched-Offset.

In RAN1#92bis meeting, we had the following agreement
· For PUSCH scheduled by DCI format 0_0, the UE shall use a default spatial relation corresponding to the spatial relation, if applicable, used by the PUCCH resource with the lowest ID configured in the active UL BWP
[bookmark: _GoBack]The intention of the above agreement is to apply for the case where UE is configured with PUCCH resource via UE-specific RRC signaling. The UE behavior before the dedicated configuration of PUCCH resource is still not clear, and we need to clearly specify UE behavior in such cases. Thus we have the following suggestion:

Suggestion 6: In Section 6.1 of TS 38.214, specify the UE behavior before the dedicated configuration of PUCCH resource as follows
· For PUSCH scheduled by DCI format 0_0 on a cell, if the UE is not provided with dedicated PUCCH resource configuration, the UE shall transmit the PUCCH using the same spatial domain transmission filter of Msg3 PUSCH in Subclause 8.3; otherwise the UE shall transmit PUSCH according to the spatial relation, if applicable, corresponding to the PUCCH resource, as described in sub-clause 9.2.12 of [6, TS 38.213], with the lowest ID pucch-ResourceId within the active UL BWP of the cell

We have an agreement on beam management as follows (R1-1719059, Slide 3):
Agreement: 
· 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.


Based on the above agreement on beam management, the same Tx beam should be applied within one SRS resource when the SRS resource spans multiple symbols. 
According to the agreement, different Tx beams can be used by UEs where the beams can be configured by gNB or implemented by UEs. For the former case, gNB can configure different beams via SRS-SpatialRelationInfo for each SRS resource in a set. For the latter case, gNB will not configure SRS-SpatialRelationInfo for any of the SRS resource in a set, and UE can decide the Tx beams by itself. The combination of the two schemes, e.g. gNB configure SRS-SpatialRelationInfo for only part of (but not all) SRS resources in a set, are not agreed by now and can’t be supported in Rel-15. It should be captured in 38.214 to avoid ambiguous UE behaviour.

Suggestion 7: In Section 6.2.1 of TS 38.214, capture the above agreement as follows:
· 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 usage in SRS-Config set to ‘beamManagement’ are not configured with higher layer parameter spatialRelationInfo, UE can transmit SRS in the SRS resources with different spatial domain transmission filters. 
· UE is not expected that only part of SRS resources within a SRS resources set are configured with higher layer parameter spatialRelationInfo

Text proposal
Section 10.1 of TS 38.213
Based on the above discussion, we make the following text proposal to capture the above suggestion for Section 10.1 of TS 38.213

/******************** Start of Text Proposal for Section 10.1 of TS 38.213*********************/
[bookmark: _Ref505198911][bookmark: _Toc505848936][bookmark: _Ref491451763][bookmark: _Ref491466492][bookmark: _Toc492222143]10.1	UE procedure for determining physical downlink control channel assignment 
<text omitted>

For each DL BWP configured to a UE in a serving cell, a UE can be provided by higher layer signalling with  control resource sets. For each control resource set, the UE is provided the following by higher layer parameter ControlResourceSet:


-	a control resource set index , , by higher layer parameter controlResourceSetId;
-	a DM-RS scrambling sequence initialization value by higher layer parameter pdcch-DMRS-ScramblingID;
-	a precoder granularity for a number of REGs in the frequency domain where the UE can assume use of a same DM-RS precoder by higher layer parameter precoderGranularity;
-	a number of consecutive symbols provided by higher layer parameter duration; 
[bookmark: _Hlk504372411]-	a set of resource blocks provided by higher layer parameter frequencyDomainResources;
-	CCE-to-REG mapping parameters provided by higher layer parameter cce-REG-MappingType;
-	an antenna port quasi co-location, from a set of antenna port quasi co-locations provided by higher layer parameter TCI-StatesPDCCH, indicating quasi co-location information of the DM-RS antenna port for PDCCH reception;

-	an indication for a presence or absence of a transmission configuration indication (TCI) field for DCI format 1_0 or DCI format 1_1 transmitted by a PDCCH in control resource set , by higher layer parameter TCI-PresentInDCI.
When precoderGranularity = allContiguousRBs, a UE does not expect to be configured a set of resource blocks of a control resource set that includes more than four sub-sets of resource blocks that are not contiguous in frequency.  



For each control resource set in a DL BWP of a serving cell, a respective higher layer parameter frequencyDomainResources provides a bitmap. The bits of the bitmap have a one-to-one mapping with non-overlapping groups of 6 PRBs, in ascending order of the PRB index in the DL BWP bandwidth of  PRBs with starting position  where the first PRB of the first group of 6 PRBs has index . A group of 6 PRBs is allocated to a control resource set if a corresponding bit value in the bitmap is 1; else, if a corresponding bit value in the bitmap is 0, the group of 6 PRBs is not allocated to the control resource set.
<text omitted>
/******************** End of Text Proposal for Section 10.1 of TS 38.213*********************/

Section 5.1.5 of TS 38.214
Based on the above discussion, we make the following text proposal to capture the above suggestion for Section 5.1.5 of TS 38.214

/******************** Start of Text Proposal for Section 5.1.5 of TS 38.214*********************/
<text omitted>
If a UE is configured with the higher layer parameter tci-PresentInDCI that is set as 'enabled' for the CORESET scheduling the PDSCH, the UE assumes that the TCI field is present in the DCI format 1_1 of the PDCCH transmitted on the CORESET. If tci-PresentInDCI is set as 'disabled' for the CORESET scheduling the PDSCH and 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 based on reported UE capability [12, TS 38.331] or the PDSCH is scheduled by a DCI format 1_0, for determining PDSCH antenna port quasi co-location, the UE assumes that the TCI state for the PDSCH is identical to the TCI state applied for the CORESET used for the PDCCH transmission. 
[bookmark: _Hlk497994280][bookmark: _Hlk498002628][bookmark: _Hlk500790716]If the tci-PresentInDCI is set as 'enabled', when the PDSCH is scheduled by DCI format 1_1, the UE shall use the TCI-State 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 based on reported UE capability [12, TS 38.331]. 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 one or more CORESETs within the active BWP of the serving cell are configured for the UE. If all configured TCI states do not contain 'QCL-TypeD', the UE shall obtain the other QCL assumptions from the indicated TCI states for its scheduled PDSCH irrespective of the time offset between the reception of the DL DCI and the corresponding PDSCH.
<text omitted>
/******************** End of Text Proposal for Section  5.1.5 of TS 38.214*********************/


Section  6.2.1 of TS 38.214
Based on the above discussion, we make the following text proposal to capture the above suggestion for Section  6.2.1 of TS 38.214

/******************** Start of Text Proposal for Section 6.2.1 of TS 38.214*********************/
[bookmark: _Toc510988234]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-ResourceSet. For each SRS resource set, a UE may be configured with SRS resources (higher later parameter SRS-Resource), 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.
For aperiodic SRS at least one state of the DCI field is used to select at least one out of the configured SRS resource set.
The following SRS parameters are semi-statically configurable by higher layer parameter SRS-Resource.
-	srs-ResourceId determines SRS resource configuration identify.
[bookmark: _Hlk512512251]-	Number of SRS ports as defined by the higher layer parameter nrofSRS-Ports and described in Subclause 6.4.1.4 of [4, TS 38.211].
-	Time domain behaviour of SRS resource configuration as indicated by the higher layer parameter SRS- resourceType , which can be periodic, semi-persistent, aperiodic SRS transmission as defined in Subclause 6.4.1.4 of [4, TS 38.211].
-	Slot level periodicity and slot level offset as defined by the higher layer parameters periodicityAndOffset-p  or periodicityAndOffset-sp for an SRS resource of type periodic or semi-persistent. The slot level offset is also defined for an aperiodic SRS resource set by the higher layer parameter slotOffset in SRS-ResourceSet.
-	Number of OFDM symbols in the SRS resource, starting OFDM symbol of the SRS resource within a slot including repetition factor R as defined by the higher layer parameter resourceMapping and describedin Subclause 6.4.1.4 of [4, TS 38.211].


[bookmark: _Hlk496600036]-	SRS bandwidth and , as defined by the higher layer parameter freqHopping and described in Subclause 6.4.1.4 of [4, TS 38.211].

-	Frequency hopping bandwidth, , as defined by the higher layer parameter freqHopping and described in Subclause 6.4.1.4 of [4, TS 38.211].
-	Defining frequency domain position and configurable shift to align SRS allocation to 4 PRB grid, as defined by the higher layer parameters freqDomainPosition and freqDomainShift, respectively, and described in Subclause 6.4.1.4 of [4, TS 38.211].
[bookmark: _Hlk513106489]-	Cyclic shift, as defined by the higher layer parameter cyclicShift-n2 or cyclicShift-n4 for transmission comb value 2 and 4, respectively, and described in Subclause 6.4.1.4 of [4, TS 38.211].
-	Transmission comb value as defined by the higher layer parameter transmissionComb described in Subclause 6.4.1.4 of [4, TS 38.211].
-	Transmission comb offset as defined by the higher layer parameter combOffset-n2 or combOffset-n4 for transmission comb value 2 or 4, respectively, and described in Subclause 6.4.1.4 of [4, TS 38.211].
-	SRS sequence ID as defined by the higher layer parameter sequenceId in Subclause 6.4.1.4 of [4].
[bookmark: _Hlk500903520]-	The configuration of the spatial relation between a reference RS and the target SRS, where the higher layer parameter spatialRelationInfo, if configured, contains the ID of the reference RS. The reference RS can be an SS/PBCH block, CSI-RS or an SRS configured on the same or different component carrier and/or bandwidth part as the target SRS.
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 usage in SRS-Config set to ‘beamManagement’ are not configured with higher layer parameter spatialRelationInfo, UE can transmit SRS in the SRS resources with different spatial domain transmission filters. 
UE is not expected that only part of SRS resources within a SRS resources set are configured with higher layer parameter spatialRelationInfo
The UE may be configured by the higher layer parameter resourceMapping in SRS-Resource with an SRS resource occupying a location within the last 6 symbols of the slot. 
When PUSCH and SRS are transmitted in the same slot, the UE may be configured to transmit SRS after the transmission of the PUSCH and the corresponding DM-RS. 
<text omitted>
/******************** End of Text Proposal for Section 6.2.1 of TS 38.214*********************/

Section 6.1 of TS 38.214
Based on the above discussion, we make the following text proposal to capture the above suggestion and some editorial changes for Section 6.1 of TS 38.214

/******************** Start of Text Proposal for Section 6.1 of TS 38.214*********************/
6.1   UE procedure for transmitting the physical uplink shared channel
[bookmark: _Hlk498514022]PUSCH transmission(s) can be dynamically scheduled by an UL grant in a DCI, or semi-statically configured to operate according to Subclause 6.1.2.3 and according to Subclause 5.8.2 of [10, TS 38.321] upon the reception of higher layer parameter of configuredGrantConfig including rrc-ConfiguredUplinkGrant without the detection of an UL grant in a DCI, or configurdGrantConfig not including rrc-ConfiguredUplinkGrant semi-persistently scheduled by an UL grant in a DCI after the reception of higher layer parameter configurdGrantConfig not including rrc-ConfiguredUplinkGrant.
[bookmark: _Hlk512252948][bookmark: OLE_LINK2][bookmark: OLE_LINK3]For PUSCH scheduled by DCI format 0_0 on a cell, if the UE doesn’t have dedicated PUCCH resource configuration, the UE shall transmit the PUCCH using the same spatial domain transmission filter of Msg3 PUSCH in Subclause 8.3; otherwise the UE shall transmit PUSCH according to the spatial relation, if applicable, corresponding to the PUCCH resource, as described in sub-clause 9.2.12 of [6, TS 38.213], with the lowest ID pucch-ResourceId within the active UL BWP of the cell. 
For uplink, 16 HARQ processes per cell is supported by the UE.

/******************** End of Text Proposal for Section 6.1 of TS 38.214*********************/
Other Issues
CORESET #0 is used by the UE to receive at least system information and is configured in MIB. CORESET#0 can also be re-configured by RRC signal. There was a discussion on whether or not CORESET#0 can be configured with TCI states in the last meeting.  The key point is that whether or not CORESET#0 can schedule unicast PDSCH. 
In RAN1#92bis meeting [6], there was an agreement for CORESET#0 as follows:
Agreements:
· NW and UE maintain the same understanding on SSB/CORESET#0/SS#0 in connected_mode at least for non-broadcast PDCCH
· Solutions FFS
· For the broadcast PDCCH, it is up to UE which common search space to monitor based on which SSB in both connected, in-active, and idle modes
· Unicast PDSCH can be scheduled by a DCI associated with the CORESET #0


For unicast PDSCH, NW doesn’t want to transit the unicast data through all beams and needs to know which beam used for transmission. If a TCI state is configured for CORESET#0, then NW and UE can have a common understanding which beam is used for unicast PDSCH. 

Suggestion 8: NR supports CORESET#0 to be configured with TCI state(s) if it is re-configured via RRC signaling.
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