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1	Introduction
During the NR Study Item, RAN1 has established requirements and scenarios for NR [1] and has identified technology components that are needed to standardize the NR system [2]. The objective of the work item phase is to specify the NR functionalities for enhanced mobile broadband (eMBB) and ultra-reliable low latency communications (URLLC) considering frequency ranges up to 52.6 GHz and considering forward compatibility and introduction of new technology components for new use cases.
In this contribution, we discuss about the remaining details on beam indication, measurement and reporting.
2	Remaining open issues
2.1	On mechanisms to indicate a spatial QCL for a resource
2.1.1	Periodic CSI-RS
In RAN1#91 it was left for further study whether the spatial QCL can be configured through a reference to a configured TCI state:
	Agreement:
Mechanism to indication of source QCL for a resource:
P-CSI-RS – through RRC configuration
FFS: If the spatial QCL can be configured through a reference to a configured TCI state



Further, RAN1#90bis agreed that for periodic CSI-RS both SS/PBCH block (SSB) and another periodic CSI-RS (P-CSI-RS) can act as a source RS in spatial RX sense:
	Agreement: 
The following P/SP/AP CSI-RS signaling options are supported:
	QCL parameter
	Reference RS
	Target RS
	Signalling mode
	Reference RS and Target RS should belong to the same CC/BWP or not

	Spatial
	SSB
	P CSI-RS
	RRC

	Can be on different CCs/BWPs

	Spatial
	SSB
	SP CSI-RS
	SP CSI-RS activation signal 

	Can be on different CCs/BWPs

	Spatial
	P CSI-RS
	Another P CSI-RS
	RRC

	Can be on different CCs/BWPs

	Spatial
	SSB or P/SP CSI-RS
	AP CSI-RS
	RRC or RRC+MAC CE for configuration,
indication with DCI 
	Can be on different CCs/BWPs






QCL configuration for CORESET for PDCCH reception is configured through a reference to one or multiple configured TCI state(s) of which one if “active” at a time. Source RS in spatial QCL sense for DMRS of PDCCH will likely be SSB or periodic CSI-RS. That is because e.g. for beam failure detection it has been agreed that periodic RS is used and that RS should be QCLed with PDCCH DMRS. Thus, as one of the first steps in RRC_Connected state the gNB configures a TCI state table for the UE, likely first having only one state based on SSB as a result of a random access procedure. Then, when configuring UE with a periodic CSI-RS resource (spatial) QCL for the resource can be configured through a reference to an RRC configured TCI state. 
Proposal: The (spatial) QCL for a periodic CSI-RS resource can be configured through a reference to an RRC configured TCI state. 
Text proposal to 38.214:
	[bookmark: _Toc501048197]5.2.2.3	Reference signal (CSI-RS) 
[bookmark: _Toc501048198]5.2.2.3.1	Non-zero power CSI-RS
< Unchanged parts are omitted >
For a UE configured with the higher layer parameter ResourceConfigType set to 'periodic' quasi-co-location assumptions are provided by a reference to a TCI-RS-SetConfig.



2.1.2	Aperiodic CSI-RS
In RAN1#91 it was agreed that for each AP-CSI-RS resource associated with each triggering state, QCL configuration is provided through an association with one of the M candidate TCI states by RRC. Related to CSI-RS resource for interference measurement it was left for further study whether TCI association is applied also on NZP-CSI-RS/ZP-CSI-RS based IMR in agenda item 7.2.2.3:
	AP-CSI-RS – 
Through DCI (AP-CSI-report-triggering state indication)
For each AP-CSI-RS resource associated with each triggering state, QCL configuration is provided through an association with one of the M candidate TCI states by RRC
FFS: Value of M
FFS: TCI association on NZP-CSI-RS/ZP-CSI-RS based IMR




Further, it was then agreed in agenda item 7.2.2.1 that the UE assumes the same spatial QCL assumption for ZP/NZP-CSI:
	Agreement  
UE assumes the same spatial QCL assumption for ZP/NZP-CSI-RS based IMR resource as the one configured for NZP CSI-RS resource for CM.



It’s considered that there are two options to implement the linkage between ZP/NZP-CSI-RS based IMR and NZP-CSI-RS for CM to provide spatial QCL assumption for ZP/NZP-CSI-RS based IMR resource:
· Option 1: when configuring ZP/NZP-CSI-RS based IMR resource, associated NZP-CSI-RS based CM resource is provided (NZP-CSI-RS-ResourceConfigId)
· Option 2: when configuring ZP/NZP-CSI-RS based IMR resource, associated TCI state is provided to configure (spatial) QCL

As it is not yet decided what is the space for NZP-CSI-RS-ResourceConfigId and for what is the max number of TCI states (M) it’s not possible to fully quantify the signaling overhead. However, it’s assumed that max number of configured TCI states could be smaller than the space for NZP-CSI-RS-ResourceConfigId and thus option 2 could in principle requires less bits in signaling. One further benefit favoring option 2 is that the similar approach is used when configuring aperiodic CSI-RS resource, i.e. RRC configures associated TCI state. 
Proposal: Spatial QCL assumption for ZP/NZP-CSI-RS based IMR resource is provided through a reference to a configured TCI state.
Text proposal to 38.214:
	[bookmark: _Toc501048170]5.1.4.2	PDSCH resource mapping with RE level granularity
< Unchanged parts are omitted >
The ZP-CSI-RS configuration can be periodic and aperiodic. The UE is configured with a DCI field for triggering the aperiodic ZP-CSI-RS. Quasi-co-location assumptions are provided by a reference to a TCI-RS-SetConfig.



	[bookmark: _Toc501048199]5.2.2.4	Channel State Information – Interference Measurement (CSI-IM) 
< Unchanged parts are omitted >
Quasi-co-location assumptions are provided by a reference to a TCI-RS-SetConfig.



2.1.3	On beam management for PUSCH
Beam management for PUSCH has not been specifically defined in beam management agenda item as it has been done for PDSCH. On the other hand, non-codebook based UL MIMO transmission seems to have in-built support for the beam indication as it has been agreed that gNB can signal SRS resource indicator(s) (SRIs) in UL grant based on which UE can determine transmit beam(s) for the PUSCH as quoted below:
	Agreements:
· For non-codebook based UL transmission, 
· The rank of UL transmission is derived from SRI field in UL DCI
· Encoding of the DMRS indicator is determined from the derived rank
· SRI field corresponds to a pre-determined combination of SRS resources, which are configured in the SRS resource set for non-CB-based UL
· The bit-width of SRI field in UL grant is ceiling(log2([image: cid:image011.png@01D36E87.F4C4B9D0])), where Lmax is maximum number of supported layers and N is the number of configured SRS resources in the set
Agreement:
SRI is associated with the most recent SRS transmission 




Furthermore, mechanisms to provide source RS for the UE to determine transmit beam for the SRS resource are existing for periodic, semi-persistent and aperiodic SRS. For each SRS resource type the UE can be with the higher layer parameter SRS-SpatialRelationInfo which provides UE a source RS (DL or UL RS) to be used to determine spatial domain transmission filter for the transmission of SRS resource [3GPP TS 38.214, section 6.2.1]. Thus, it can be observed that the current 38.214 supports transmit beam indication for the PUSCH. 
Observation: Beam management for PUSCH can be supported via means of existing non-codebook based UL transmission method. 
2.2	Reporting
2.2.1	Differential L1-RSRP Beam Reporting for Grouping
The specification TS 38.214 supports both differential and non-differential based L1-RSRP reporting for non-group based beam reporting. However, the support for differential based L1-RSRP reporting is missing for a group based beam reporting. To enable signalling overhead reduction for  group based beam reporting, differential based L1-RSRP reporting needs to be also supported  for group based beam reporting in Rel-15. 
Proposal: Rel-15 UEs support both differential and non-differential based L1-RSRP reporting.  
In the following, the text proposal marked with red color is proposed to be added as a part of section 5.2.1.4 Reporting Configurations in TS 38.214:
[bookmark: _Hlk503465917]================================= Text Proposal Starts===============================
[bookmark: _Toc501048183]5.2.1.4		Reporting configurations

< Unchanged parts are omitted >
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. If the higher layer parameter number-of-beams-reporting L1-RSRP 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. 

================================= Text Proposal Ends===============================

2.2.2	L1-RSRP Beam Reporting for SS-block + CSI-RS
The specification TS 38.214, Sec.5.2.1.4 supports UE to be configured for L1-RSRP reporting with both CSI-RS and SSB resources. However, in TS 38.214, technical details are missing how to perform L1-RSRP reporting when both SSB and CSI-RS resources are configured for UE. Therefore, in the following further details for aforementioned configuration to perform L1-RSRP reporting are provided. 

Figure1shows an example of jointly quasi-colocated (QCL)led SSB-CSI-RS beam report pair computation. Here, wide-beams are associated with SSB resources and narrow beams to CSI-RS resources. Single antenna port SSB resources are spatially QCLed with a set of (one or more) single or two antenna port CSI-RS resources. First of all, high-layer RRC parameter, i.e. SSB-CSI-RS-based-report, configures UE to compute beam report based on both SSB and CSI-RS resources. To exploit possibility to use both SSB and CSI-RS resource, enhanced flexibility for resource pair, CSI-RS and SSB, identification in different NR scenarios is enabled.  To enable flexible SSB and CSI-RS resource pair identification, a network can configure by high-layer RRC parameter, i.e. SSB-CSI-RS-based-report-metric, UE to perform identification of the strongest resource pairs according to the following three computation metrics:
· SSB:Resource pair selection based on the largest RSRPs associated with SSB resources
· CSI-RS: Resource pair selection based on the largest RSRPs associated with CSI-RS resources
· SSB+CSI-RS: Resource pair selection based on the largest aggregated RSRPs over SSB and CSI-RS resources within QCL:ed SSB and CSI-RS resource pair  

Based on indentified single or multiple strongest resource pairs, SSB-CSI-RS beam report is generated where both SSB and CSI-RS resources are independently reported. In the beam report, the differential based L1-RSRP reporting is used for L1-RSRP values associated with both SSB and CSI-RS resources. The beam reporting format for SSB and CSI-RS resource pair includes two elements, where element 1 is reserved for differential L1-RSPRs of SSB an CSI-RS resources and element for SSB and CSI-RS resource indicators as follows: 
· Element 1: maximum RSRP value out of CSI-RS and SSB resource, differential power offset value of SSB resource to the maximum RSRP, differential power offset value of CSI-RS resource#k to the maximum RSRP, differential power offset value of CSI-RS resource#g to the maximum RSRP, etc.
· Element 2: SSB resource indicator, CRI#k, CRI#g, etc. 
In the case of multiple SSB and CSI-RS resource pairs defined high layer configured parameter, i.e. SSB-CSI-RS-pairs , the reported pairs consisting of two elements are organized successive order, e.g. element 1[pair#1, pair#2, etc.], element 2[pair#1, pair#2, etc.].  

[image: ]
[bookmark: _Ref503471034]Figure 1 An example of a joint QCL:ed SSB-CSI-RS beam report pair

In the following, the text proposal marked with red color is proposed to be added as a part of section 5.2.1.4 Reporting Configurations in TS 38.214:

================================= Text Proposal Starts===============================
5.2.1.4		Reporting configurations

< Unchanged parts are omitted >
if the UE is configured with the higher layer parameter SSB-CSI-RS-based-report set to ‘ON’, the UE is  required to update measurements for QCLed CSI-RS and SSB resources, and the UE shall report in a single report nrofReported SSB-CSI-RS-pairs (higher layer configured) different [CRI and SSBRI (SSB Resource Indicator)] for each report setting. If high-layer parameter SSB-CSI-RS-based-report-metric set to SSB UE selects resource pair according to the largest RSRP associated with SSB resources. If high-layer parameter SSB-CSI-RS-based-report-metric set to CSI-RS UE selects resource pair according to the largest RSRP associated with CSI-RS resources. If high-layer parameter SSB-CSI-RS-based-report-metric set to SSB+CSI-RS UE selects resource pair according to the largest RSRP associated with CSI-RS resources aggregated RSRPs over SSB and CSI-RS resources.  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 in the range [-140, -44] dBm 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. 
================================= Text Proposal Ends===============================

Proposal: In Rel-15, support high-layer configured RRC parameter, i.e. SSB-CSI-RS-based-report, to inform UE to compute beam report based on both SSB and CSI-RS resources.
Proposal: In Rel-15, support high-layer configured RRC parameter, i.e. SSB-CSI-RS-based-report-metric, UE to perform identification of the strongest resource pairs according to the following three computation metrics 
· SSB:Resource pair selection based on the largest RSRPs associated with SSB resources
· CSI-RS: Resource pair selection based on the largest RSRPs associated with CSI-RS resources
· SSB+CSI-RS: Resource pair selection based on the largest aggregated RSRPs over SSB and CSI-RS 
  
Proposal: Rel-15 UEs support differential based L1-RSRP reporting for SSB + CSI-RS reporting. 

Proposal: In Rel-15, the beam reporting format for SSB and CSI-RS resource pair includes two elements, where element 1 is reserved for differential L1-RSPRs of SSB an CSI-RS resources and element for SSB and CSI-RS resource indicators as follows: 
· Element 1: maximum RSRP value out of CSI-RS and SSB resource, differential power offset value of SSB resource to the maximum RSRP, differential power offset value of CSI-RS resource#k to the maximum RSRP, differential power offset value of CSI-RS resource#g to the maximum RSRP, etc.
· Element 2: SSB resource indicator, CRI#k, CRI#g, etc. 
In the case of multiple SSB and CSI-RS resource pairs, the reported pairs consisting of two elements are organized successive order, e.g. element 1[pair#1, pair#2, etc.], element 2[pair#1, pair#2, etc.].  
Proposal:In Rel-15, support high-layer configured RRC parameter, i.e SSB-CSI-RS-pairs to inform UE  about  reported QCL:ed SSB and CSI-RS resource pairs.

3	Conclusions
Related to the remaining issues on QCL, the following proposals are made:
Proposal: The (spatial) QCL for a periodic CSI-RS resource can be configured through a reference to an RRC configured TCI state. 
Proposal: Spatial QCL assumption for ZP/NZP-CSI-RS based IMR resource is provided through a reference to a configured TCI state.
Observation: Beam management for PUSCH can be supported via means of non-codebook based UL transmission. 
Proposal: Rel-15 UEs support both differential and non-differential based L1-RSRP reporting.  
Proposal: In Rel-15, support high-layer configured RRC parameter, i.e. SSB-CSI-RS-based-report, to inform UE to compute beam report based on both SSB and CSI-RS resources.
Proposal: In Rel-15, support high-layer configured RRC parameter, i.e. SSB-CSI-RS-based-report-metric, UE to perform identification of the strongest resource pairs according to the following three computation metrics 
· SSB:Resource pair selection based on the largest RSRPs associated with SSB resources
· CSI-RS: Resource pair selection based on the largest RSRPs associated with CSI-RS resources
· SSB+CSI-RS: Resource pair selection based on the largest aggregated RSRPs over SSB and CSI-RS 
  
Proposal: Rel-15 UEs support differential based L1-RSRP reporting for SSB + CSI-RS reporting. 

Proposal: In Rel-15, the beam reporting format for SSB and CSI-RS resource pair includes two elements, where element 1 is reserved for differential L1-RSPRs of SSB an CSI-RS resources and element for SSB and CSI-RS resource indicators as follows: 
· Element 1: maximum RSRP value out of CSI-RS and SSB resource, differential power offset value of SSB resource to the maximum RSRP, differential power offset value of CSI-RS resource#k to the maximum RSRP, differential power offset value of CSI-RS resource#g to the maximum RSRP, etc.
· Element 2: SSB resource indicator, CRI#k, CRI#g, etc. 
In the case of multiple SSB and CSI-RS resource pairs, the reported pairs consisting of two elements are organized successive order, e.g. element 1[pair#1, pair#2, etc.], element 2[pair#1, pair#2, etc.].  
Proposal: In Rel-15, support high-layer configured RRC parameter, i.e SSB-CSI-RS-pairs to inform UE about reported QCL:ed SSB and CSI-RS resource pairs.
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Joint QCL-SSB-CSI-RS pair#1: CSI-RS resources  

are spatially QCL:ed with  SSB resource. 
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