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Introduction
In RAN1 #91, the following agreements were made:
Agreement #1:
PUCCH beam indication is introduced by RRC signalling
Introduce one RRC parameter: PUCCH-Spatial-relation-info
Information associating an SSB ID or, a CRI, or a SRI
This is per PUCCH resource configuration
Agreement #2:
· Modify the RRC parameter PUCCH-Spatial-relation-info as list. 
· Each entry can be SSB ID or, a CRI, or a SRI
· One or multiple SpatialRelationInfo IE(s) is included in the list.
· Introduce MAC-CE signalling to provide spatial relation information for a PUCCH resource to one of the entries in PUCCH-Spatial-relation-info
· If PUCCH-Spatial-relation-info includes one SpatialRelationInfo IE, UE applies the configured SpatialRelationInfo and no MAC-CE is used.
Agreement #3:
· Aperiodic CSI-RS triggering offset X is configurable. X is defined in units of slots.
Agreement #4:
· Aperiodic CSI-RS triggering offset X is configurable on a per resource set basis in ResourceSetConfig
· Note: The offset X is measured in slots.
· FFS: The case when multiple resource sets are associated with a trigger point.
Agreement #5:
· When the scheduling offset is <=k, and the PDSCH uses QCL assumption that is based on a default TCI state 
· The default TCI state corresponds to the TCI state used for control channel QCL indication for the lowest CORESET ID in that slot



Agreement #6:
· For the number of TCI states and mapping to DCI bits, N is 3 bits. 
· Note: The number of TCI states supported by a UE depends on its capability
Agreement #7:
A candidate set of DL RSs are configured using RRC mechanism
Each state of M TCI states is RRC configured with a downlink RS set used as a QCL reference, and MAC-CE is used to select up to 2^N TCI states out of M for PDSCH QCL indication
The same set of M TCI states are reused for CORESET
K TCI states are configured per CORESET 
When K>1, MAC CE can indicate which one TCI state to use for control channel QCL indication
When K=1, no additional MAC CE signaling is necessary

In this contribution we discuss several remaining issues for beam management, and discuss corrections to the latest version of the NR specifications.
[bookmark: _Ref178064866]Discussion
[bookmark: _Ref506202001]Beam Indication for PUSCH
For mm-wave scenarios, a typical UE architecture is based on analog beamforming, and the architecture may consist of a small number of antenna ports for UL transmission, sometimes even just one or two. To enable beamformed PUSCH/PUCCH transmission, the UE requires some mechanism for appropriately setting its transmit spatial filtering configuration (beamforming weights). For PUCCH, this is handled by configuration of a “spatial relation” to another previously transmitted RS as in Agreements #1 and 2 above. The spatial relation can be to either to a DL RS (SSB or CSI-RS) or an UL RS (SRS). This indicates to the UE that it may transmit PUCCH with the same spatial filtering as it used to receive the spatially related DL RS or the same spatial filtering as it used to transmit the spatially related UL RS. In Agreement #2, the spatial relation that the UE uses for PUCCH transmission may be updated using MAC-CE, thus enabling a form of beam indication for PUCCH.
For SRS, a similar spatial relation is configured through the RRC parameter SRS-SpatialRelationInfo as shown in the following extract from the endorsed version of 38.214 [1] for the case of periodic SRS:
[bookmark: _Hlk498512388]Extract from Section 6.2.1 of 38.214:
For a UE configured with one or more SRS resource configuration(s), and when the higher layer parameter SRS-ResourceConfigType is set to 'periodic':
-	if the UE is configured with the higher layer parameter SRS-SpatialRelationInfo set to 'SSB/PBCH', the UE shall transmit the SRS resource with the same spatial domain transmission filter used for the reception of the SSB/PBCH, if the higher layer parameter SRS-SpatialRelationInfo is set to 'CSI-RS', the UE shall transmit the SRS resource with the same spatial domain transmission filter used for the reception of the periodic CSI-RS or of the semi-persistent CSI-RS, if the higher layer parameter SRS-SpatialRelationInfo is set to 'SRS', the UE shall transmit the SRS resource with the same spatial domain transmission filter used for the transmission of the periodic SRS.

In a similar fashion as for PUCCH, the UE transmits a particular configured SRS using the same spatial filtering as it used to receive the DL RS or transmit the UL RS that is configured as the spatial relation. In contrast to PUCCH, however, the spatial relation is not indicated by MAC-CE; rather, it is RRC configured. Hence, for SRS, beam indication is less dynamic than for PUCCH.
For PUSCH, on the other hand, no such spatial relation is explicitly defined. Instead, the UE should determine the spatial filtering for PUSCH indirectly through a configured SRS for which a spatial relation is defined. For example, for the case of codebook based UL transmission, such operation is specified in 38.214 as follows:
Extract from Section 6.1.1.1 of 38.214:
For codebook based transmission, the UE determines its PUSCH transmission precoder based on SRI, TRI and TPMI fields from the DCI, where the TPMI is used to indicate the preferred precoder over the SRS ports in the selected SRS resource by the SRI when multiple SRS resources are configured, or if a single SRS resource is configured TPMI is used to indicate the preferred precoder over the SRS ports. The transmission precoder is selected from the uplink codebook, as defined in Subclause 6.3.1.5 of [4, TS 38.211].

The above procedure assumes that one or more SRS resources are explicitly configured to the UE. This is true also for non-codebook based UL transmission as described in Section 6.1.1.2 in 38.214.
It is important to note that for the case of single-port UL transmission or even dual-port codebook based UL transmission which are likely scenarios in mm-wave deployments, it is not necessary for the gNB to configure the UE with SRS. Both link adaptation and TPMI selection may be determined at the gNB based on other UL RSs, e.g., PUCCH DMRS, instead of SRS [2]. Moreover, for UEs that support beam correspondence, it is also not necessary to configure multiple SRS resources for the purposes of UL beam management; indeed, all beam management decisions can be based on DL beam management procedures based on DL RSs, i.e., SSB and/or CSI-RS. In our view, this is an important scenario that simplifies network operation.
[bookmark: _Toc503296337][bookmark: _Toc503296536][bookmark: _Toc503555461][bookmark: _Toc503555465][bookmark: _Toc503555551][bookmark: _Toc503556170][bookmark: _Toc505862107][bookmark: _Toc506201536][bookmark: _Toc506217898][bookmark: _Toc506218027][bookmark: _Toc506276971][bookmark: _Toc506360478][bookmark: _Toc506579623]For mm-wave deployments based on single-port or even dual-port codebook-based UL transmission, and for UEs supporting beam correspondence, configuration and transmission of SRS is not necessary.
Based on this observation, we believe that it is highly desirable to support a mode of operation whereby the spatial filtering (beamforming) for PUSCH may be determined by the UE based on a direct spatial relation to a DL RS, e.g., SSB or CSI-RS used for DL beam management, rather than indirectly through an SRS. Such a mode of operation should also allow for more dynamic beam indication for PUSCH than that offered by an RRC configured spatial relation as is the case with SRS.
To support such a mode of operation, we recognize that a beam management/beam indication framework is already specified for the DL for both PDSCH and PDCCH, hence it makes sense to reuse this framework as much as possible for PUSCH transmission in the UL. In the DL, beam indication is supported through configuration of a set of candidate TCI states that provide QCL relationships between PDSCH/PDCCH DMRS and DL RS(s) with respect to both time/frequency and spatial QCL parameters. For PDSCH, QCL is indicated by signalling of a TCI state in DL DCI. For PDCCH, a CORESET is configured with a list of TCI states, and QCL is indicated by MAC-CE activation of one of the TCI states.
One possible approach for providing a direct spatial relation to a DL RS for the purposes of PUSCH transmission would be to extend this framework. The DCI providing an UL grant could be extended to include a TCI state which would allow for dynamic beam UL beam indication. This would require addition of a new DCI field in DCI format 0_1 for scheduling PUSCH.
A simpler approach would be for the PUSCH transmission to “follow PDCCH.” In other words, the spatial relation to a DL RS could be obtained from the spatial QCL reference contained in the TCI state associated to a CORESET. The particular CORESET could be the one in which the PDCCH carrying the DCI scheduling PUSCH is transmitted. As mentioned above, this TCI state is activated by MAC-CE, hence this satisfies the goal of having dynamic beam indication for PUSCH. This approach is in-line with the MAC-CE activation of a spatial-relation that is already supported for PUCCH through the RRC parameter PUCCH-SpatialRelationInfo [4]. In the case of multiple configured CORESETs, this approach could lead to a scheduling delay since the UE does not know which CORESET carries the scheduling information until it decodes the DCI. To overcome this problem, a similar approach as for the downlink could be adopted, i.e., the UE could obtain the spatial QCL reference from the TCI state associated with the CORESET with the lowest ID.
A perhaps even simpler scheme is to let PUSCH “follow PUCCH.” An analogous scheme has been included for DL beam management through the definition of the RRC parameter tci-PresentInDCI. In practice, both PUCCH and the PUSCH are typically meant to reach the same destination (the same gNB), so using the same spatial transmit filter for both PUCCH and PUSCH makes very much sense. Since the spatial relation for PUCCH can be updated using MAC CE, the issues related to RRC configuration are avoided. This would serve as a reasonable scheme, and for situations where the NW would want to use something more elaborate, SRS can be configured. Hence, we propose:
[bookmark: _Toc506218094][bookmark: _Toc506277009][bookmark: _Toc506277151][bookmark: _Toc506360468][bookmark: _Toc506553868][bookmark: _Toc506579618]For PUSCH transmission when no SRS is configured, NR supports direct spatial relation indication to a DL RS, i.e., SSB or CSI-RS, through the MAC-CE activated spatial relation used for the purposes of PUCCH transmission.
Default spatial relation for PUCCH
In the previous section, we discussed how the spatial relation for PUCCH are defined; however, in 38.213 there is no description of a default spatial relation for the UE to assume priori to MAC-CE activation. The current text in 38.213 is as follows: 
Extract from 38.213, section 9.2.1:
· a spatial setting provided by higher layer parameter PUCCH-Spatialrelationinfo if it provides a single value for higher layer parameter Spatialrelationinfo; otherwise, the spatial setting is provided by a selection command for the value of Spatialrelationinfo [11, TS 38.321].

In a similar fashion as for DL, we propose the following for a default PUCCH spatial relation:
[bookmark: _Toc506218095][bookmark: _Toc506277010][bookmark: _Toc506277152][bookmark: _Toc506360469][bookmark: _Toc506553869][bookmark: _Toc506579619]After RRC configuration of PUCCH-SpatialRelationInfo and before MAC-CE activation of the spatial relation, UE may assume a default spatial relation with the SSB identified during the RACH procedure.

QCL Assumptions for Aperiodic CSI-RS
To perform measurements on aperiodic CSI-RS, the UE applies a QCL assumption of the CSI-RS resources in the scheduled CSI-RS resource set. Before decoding the DCI, the UE does not know that it will be performing a measurement on aperiodic CSI-RS, it does not know the CSI-RS resource set it will use, and it will not know the QCL properties of the CSI-RS resources in the set. 
This leads to a problem when the UE is equipped with an analog beamformer and needs to make a spatial QCL assumption to perform the measurements. The UE would have to decode the DCI and then adjust its beamformer before it can perform the measurement on the CSI-RS. This procedure takes time.
To handle the delay of DCI decoding and beamformer adjustment, a configurable scheduling offset k was introduced for aperiodic CSI-RS (see Agreements #3,4). The NW would then configure a sufficiently large scheduling delay, which enables the UE to perform the measurement using the correct spatial QCL assumption. The idea is that the required delay would be a UE capability (kmin), to let the NW know a suitable value for the scheduling delay.
Currently, the standard does not specify what QCL assumptions the UE should make if it is scheduled an aperiodic CSI-RS with a scheduling delay which is smaller than kmin. In Agreement #5, the corresponding case for PDSCH scheduling was clarified. A corresponding clarification is needed also for aperiodic CSI-RS. This relates both to when the aperiodic CSI-RS is used for reporting CSI and reporting RSRP.
It should be noted that the UE would have QCL assumptions for the slot where the aperiodic CSI-RS would be transmitted. Since the UE would not have time to decode the DCI and update these assumptions, the only viable option is that the UE would keep these current QCL assumptions for the slot where the aperiodic CSI-RS are transmitted. 
For the case when the aperiodic CSI-RS is transmitted in the PDSCH region, we propose 
[bookmark: _Ref506188340][bookmark: _Toc506201568][bookmark: _Toc506203702][bookmark: _Toc506218098][bookmark: _Toc506277013][bookmark: _Toc506277155][bookmark: _Toc506360470][bookmark: _Toc506553870][bookmark: _Toc506579620] When the scheduling delay for aperiodic CSI-RS is smaller than the minimum scheduling delay of the UE, the UE may assume that the aperiodic CSI-RS transmitted in the PDSCH region is QCL with a default TCI state, where the default TCI state corresponds to the TCI state used for PDSCH QCL indication in the slot where the measurement is performed.
Essentially, Proposal 4 means that the UE would use the same Rx beam as it already prepared for the reception in the corresponding OFDM symbols.
Reporting when CSI-RS-ResourceRep is set to ‘ON’
A CSI-RS resource set can be configured with the higher layer parameter CSI-RS-ResourceRep.  When this parameter is set to ‘ON’, the UE may assume that the CSI-RS resources within the set are transmitted using the same spatial filter. This option was introduced to facilitate UE Rx beam adjustment. 
Since the CSI-RSs resources are transmitted with the same spatial filter, there is no point for the UE to report CRI, as already captured in 38.214:
Extract from 38.214, section 5.2.1.4:
When the UE is configured with higher layer parameter ResourceSetConfig and when the higher layer parameter CSI-RS-ResourceRep is set to 'OFF', the UE shall determine a CRI from the supported set of CRI values as defined in Subclause [TBD] of [5, TS 38.212] and report the number in each CRI report. When the higher layer parameter CSI-RS-ResourceRep is set to 'ON', CRI is not reported.

Our interpretation is that the UE should still be able to report RI/PMI/CQI or RSRP when the CSI-RS-ResourceRep is set to ‘ON’, but we believe this should be clarified. 
[bookmark: _Toc506360471][bookmark: _Toc506553871][bookmark: _Toc506579621]The UE can be configured to report CSI or RSRP for a CSI-RS resource set when CSI-RS-ResourceRep is set to ‘ON’.
A text proposal is given in the appendix.
CSI-RS for beam management
Subsection 5.1.6.1.2 in [1] discusses “CSI-RS for L1-RSRP computation”. The text contains three paragraphs:
The first paragraph discusses the CSI-RS reception when the configuration option “CSI-RS-ResourceRep” is set to ‘ON’. This is not limited to L1-RSRP computation, and would fit better in subsection 5.1.6.1. 
The second paragraph states that if the NrofPorts is set to ‘two’, the UE should compute a linear average of the RSRP measured on the two ports. However, that description is already included in [5] as shown in the following extract from subsection 5.1.2 of the endorsed version of 38.215:
Extract from section 5.1.2 of 38.215:
CSI reference signal received power (CSI-RSRP), is defined as the linear average over the power contributions (in [W]) of the resource elements that carry CSI reference signals configured for RSRP measurements within the considered measurement frequency bandwidth in the configured CSI-RS occasions.
For CSI-RSRP determination CSI reference signals transmitted on antenna port [300X] or antenna ports [300Y], [300Z] according to 3GPP TS 38.211 [4] shall be used. 

From the extract above, it is clear that the averaging over the two ports is already described, and the appropriate place for this is in 38.215 indeed. The corresponding paragraph in 5.1.6.1.2 in [1] can thus be removed.
The third paragraph in 5.1.6.1.2 discusses under what circumstances CSI-RS can be transmitted in the same OFDM symbol as the SSB. Again, this should not be limited to CSI-RS for L1-RSRP computation: the same limitations are equally applicable to CSI-RS for CSI acquisition. Since this has not yet been agreed, we propose to apply the allocation limitations for CSI-RS for beam management also for CSI-RS for CSI acquisition:
[bookmark: _Toc506553872][bookmark: _Toc506579622]Apply the allocation limitations relevant for CSI-RS for beam management also for CSI-RS for CSI acquisition.
Hence, the third paragraph in 5.1.6.1.2 which describes this allocation restriction should be moved to section 5.1.6.1. 
Hence, all three paragraphs in section 5.1.6.1.2 fit better in other places. We can thus remove section 5.1.6.1.2. A text proposal is given in the Appendix.

Conclusions
In this contribution, we made the following observations:
Observation 1	For mm-wave deployments based on single-port or even dual-port codebook-based UL transmission, and for UEs supporting beam correspondence, configuration and transmission of SRS is not necessary.

We make the following proposals:
Proposal 1	For PUSCH transmission when no SRS is configured, NR supports direct spatial relation indication to a DL RS, i.e., SSB or CSI-RS, through the MAC-CE activated spatial relation used for the purposes of PUCCH transmission.
Proposal 2	After RRC configuration of PUCCH-SpatialRelationInfo and before MAC-CE activation of the spatial relation, UE may assume a default spatial relation with the SSB identified during the RACH procedure.
Proposal 3	When the scheduling delay for aperiodic CSI-RS is smaller than the minimum scheduling delay of the UE, the UE may assume that the aperiodic CSI-RS transmitted in the PDSCH region is QCL with a default TCI state, where the default TCI state corresponds to the TCI state used for PDSCH QCL indication in the slot where the measurement is performed.
Proposal 4	The UE can be configured to report CSI or RSRP for a CSI-RS resource set when CSI-RS-ResourceRep is set to ‘ON’.
Proposal 5	Apply the allocation limitations relevant for CSI-RS for beam management also for CSI-RS for CSI acquisition.
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Appendix
----- Begin text proposal -----
[bookmark: _Toc501048172]5.1.6	 UE procedure for receiving downlink reference signals
[bookmark: _Toc501048173]5.1.6.1	CSI-RS reception procedure
The CSI-RS defined in Subclause 7.4.1.5 of [4, TS 38.211], may be used for time/frequency tracking, CSI computation and L1-RSRP computation.

The UE may be configured to use the same OFDM symbols for the CSI-RS and CORESET when those are spatially quasi co-located and PRBs associated with CSI-RS are the outside of PRBs configured for CORESET.

If the UE is configured with CSI-RS in the same OFDM symbol(s) as a CORESET, the UE shall not expect to be configured with CSI-RS and a CORESET in the same PRBs.

[bookmark: _GoBack]If QCL-TypeD is applicable, and the UE is configured with CSI-RS in the same OFDM symbols(s) as a CORESET, the UE may assume that the CSI-RS and the PDCCH DMRS transmitted in the CORESET are quasi co-located with QCL-TypeD.

If the UE is configured with CSI-RS in the same OFDM symbol(s) as an SS/PBCH block, the UE shall not expect to be configured with CSI-RS and an SS/PBCH block in the same PRBs. In such a case, the UE may assume that the same subcarrier spacing is used for CSI-RS and the SS/PBCH block(s) within the same component carrier. In this case, the SS/PBCH block with subcarrier spacing 240 kHz is precluded.

If QCL-TypeD is applicable, and the UE is configured with CSI-RS in the same OFDM symbol(s) as an SS/PBCH block, the UE may assume that the CSI-RS and the SS/PBCH block are quasi co-located with QCL-TypeD.

[bookmark: _Toc501048174]For a CSI-RS resource set, if the UE is configured with the higher-layer parameter CSI-RS-ResourceRep set to 'ON', the UE may assume that the CSI-RS resources, described in Subclause 5.2.2.3.1, within the resource set are transmitted with the same downlink spatial domain transmission filter, where the CSI-RS resources in the resource set are transmitted in different OFDM symbols. The UE is not expected to be configured with different periodicities in the higher layer parameter CSI-RS-timeConfig or different number of antenna ports in the higher layer parameter NrofPorts for the CSI-RS resources within the set. If CSI-RS-ResourceRep is set to 'OFF', the UE may not assume that the CSI-RS resources within the resource set are transmitted with the same downlink spatial domain transmission filter and with the same number of antenna ports in every symbol.
5.1.6.1.1	CSI-RS for tracking
--- Unchanged text omitted ----
-	same Pc and Pc_SS value across all resources. The UE may also assume that the antenna port associated with the SS/PBCH block given by the CSI-RS for time/frequency tracking burst configuration and the antenna port associated with the CSI-RS for time/frequency tracking burst are quasi co-located with respect to Doppler shift, average delay and if configured, the spatial Rx parameter.
[bookmark: _Toc501048175]5.1.6.1.2	CSI-RS for L1-RSRP computation Void
If a UE is configured with the higher-layer parameter CSI-RS-ResourceRep set to 'ON', the UE may assume that the CSI-RS resources, described in Subclause 5.2.2.3.1, within the resource set are transmitted with the same downlink spatial domain transmission filter, where the CSI-RS resources in the resource set are transmitted in different OFDM symbols. The UE is not expected to receive different periodicity in CSI-RS-timeConfig and NrofPorts in every CSI-RS resource within the set. If the CSI-RS-ResourceRep is set to 'OFF', the UE may not assume that the CSI-RS resources within the resource set are transmitted with the same downlink spatial domain transmission filter and with same NrofPorts in every symbol.
If a UE is configured with the higher layer parameter NrofPorts set to 'two', the UE shall compute a linear average of each CSI-RS port's RSRP. 
The UE may be configured to use the same OFDM symbols for the CSI-RS and SSB/PBCH when those are spatially quasi co-located and PRBs associated with CSI-RS are the outside of PRBs configured for SSB/PBCH.
----- End text proposal -----

----- Begin text proposal -----
[bookmark: _Toc501048183]5.2.1.4	Reporting configurations
--- Unchanged text omitted ---
When the UE is configured with higher layer parameter ResourceSetConfig and when the higher layer parameter CSI-RS-ResourceRep is set to 'OFF', the UE shall determine a CRI from the supported set of CRI values as defined in Subclause [TBD] of [5, TS 38.212] and report the number in each CRI report. When the higher layer parameter CSI-RS-ResourceRep is set to 'ON', CRI is not reported. 
When the higher layer parameter CSI-RS-ResourceRep is set to 'ON', CRI is not reported. The UE shall still report RI/PMI/CQI, RI/i1, RI/i1/CQI, RI/CQI or RI/LI/PMI/CQI or RSRP, depending on the value of the higher layer parameter ReportQuantity.
----- End text proposal -----
