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Introduction
In RAN1 #91, the following agreements were made:
[bookmark: _GoBack]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
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). In the former, this is akin to specifying reciprocal spatial QCL, although no formal definition of reciprocal QCL was agreed in RAN1 prior to the December release of the specifications. Regardless, 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 on a dynamic basis using MAC-CE, thus enabling a form of dynamic 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]:
[bookmark: _Hlk498512388]Extract from Section 6.2.1 of 38.214:
A UE may be configured to transmit one or more precoded SRS on configured SRS resource(s), where the transmission of precoded SRS is based on precoder determination computed on the reference signals indicated by the higher layer parameters SRS-SpatialRelationInfo. 

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 dynamically indicated by MAC-CE; rather, it is semi-statically (RRC) configured. Hence, for SRS, beam indication is less dynamic than for PUCCH.
In the case of PUSCH, no such spatial relation is explicitly defined. In one mode of operation, the UE may determine the spatial filtering for PUSCH indirectly through a configured SRS for which a spatial relation is defined. This is enabled by the fact that PUSCH DMRS and SRS share the same antenna ports, and PUSCH and PUSCH DMRS are precoded in the same way, as specified in [3]. 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 strictly necessary for the UE to configure and/or transmit SRS. Both link adaptation and TPMI selection may be determined at the eNB 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 greatly simplifies network operation.
[bookmark: _Toc503296337][bookmark: _Toc503296536][bookmark: _Toc503555461][bookmark: _Toc503555465][bookmark: _Toc503555551][bookmark: _Toc503556170]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 strictly 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.
[bookmark: _Toc503296370][bookmark: _Toc503296537][bookmark: _Toc503555462][bookmark: _Toc503555466][bookmark: _Toc503555552][bookmark: _Toc503556171]For the case when no SRS is configured, it is beneficial to have a mode of operation for PUSCH transmission whereby a spatial relation to a DL RS, i.e., CSI-RS or SSB, is determined directly rather than indirectly through an SRS.
To support such a mode of operation, we recognize that a beam management and 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 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 many cases, it may be desirable that both PUCCH and PUSCH are transmitted with the same spatial filtering (same transmit beam). This can be achieved by configuration of the PUCCH-SpatialRelationInfo and the RRC parameter TCI-States [4] such that both lists refer to a common set of DL RSs used for spatial relation/spatial QCL purposes. MAC-CE is then able to activate a common DL RS to be used as the spatial reference for both PUCCH and PUSCH.
[bookmark: _Toc503296371][bookmark: _Toc503296535][bookmark: _Toc503555463][bookmark: _Toc503555467][bookmark: _Toc503555553][bookmark: _Toc503556173]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 activated TCI state associated with a CORESET. The particular CORESET is the one in which the PDCCH carrying the DCI that schedules PUSCH is transmitted.
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. Here we propose:
[bookmark: _Ref503428747][bookmark: _Toc503555464][bookmark: _Toc503555468][bookmark: _Toc503555554][bookmark: _Toc503556174]When the scheduling delay for aperiodic CSI-RS is smaller than the minimum scheduling delay of the UE, the UE will assume that the aperiodic CSI-RS is QCL with a default TCI state, where the default TCI state corresponds to the TCI state used for control channel QCL indication in the slot where the measurement is performed.
Essentially, Proposal 2 means that the UE can use the Rx beam used to receive PDCCH when it performs the measurement on the aperiodic CSI-RS.
Number of TCI states
In Agreements #6 and 7 it was agreed that M candidate TCI states are configured to the UE and that out of these M candidate states, up to 2^N are activated by MAC-CE where N = 3 bits is the size of the TCI field in DCI. In the endorsed version of 38.331, the candidate TCI states are configured as follows:
-- Contains Transmission Configuration Indicator (TCI) states for dynamically indicating (over DCI) a transmission configuration 
	-- which includes QCL-relationships between the DL RSs in one RS set and the PDSCH DMRS ports 
	-- (see 38.214, section 5.1.4)
	tci-States								SEQUENCE (SIZE(1..maxNrof-TCI-RS-Sets)) OF TCI-RS-Set,

In order to complete 38.331, it is necessary to define the maximum number of candidate TCI states Mmax (maxNrof-TCI-RS-Sets) in the above ASN.1 code. So far, RAN1 has not yet agreed on a value for Mmax, hence discussion is needed. Furthermore, since MAC-CE activates a subset of up to 8 TCI states, a value for Mmax is needed in order to specify the MAC-CE message size.
[bookmark: _Toc503556172]In order for RAN2 to specify the configuration of TCI states and specify the corresponding MAC-CE activation message, a RAN1 agreement is needed on the maximum number of candidate TCI states.
[bookmark: _Toc503556175]In RAN1 ad hoc-NR #1, RAN1 agrees on a maximum number of candidate TCI states Mmax
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 strictly necessary.
Observation 2	For the case when no SRS is configured, it is beneficial to have a mode of operation for PUSCH transmission whereby a spatial relation to a DL RS, i.e., CSI-RS or SSB, is determined directly rather than indirectly through an SRS.
Observation 3	In order for RAN2 to specify the configuration of TCI states and specify the corresponding MAC-CE activation message, a RAN1 agreement is needed on the maximum number of candidate TCI states.

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 activated TCI state associated with a CORESET. The particular CORESET is the one in which the PDCCH carrying the DCI that schedules PUSCH is transmitted.
Proposal 2	When the scheduling delay for aperiodic CSI-RS is smaller than the minimum scheduling delay of the UE, the UE will assume that the aperiodic CSI-RS is QCL with a default TCI state, where the default TCI state corresponds to the TCI state used for control channel QCL indication in the slot where the measurement is performed.
Proposal 3	In RAN1 ad hoc-NR #1, RAN1 agrees on a maximum number of candidate TCI states Mmax
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