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1 [bookmark: OLE_LINK1][bookmark: OLE_LINK2][bookmark: OLE_LINK132][bookmark: OLE_LINK133]Introduction
[bookmark: _Ref516345544]In last RAN plenary meeting, the WI of NR RRM enhancement requirements for R16 was revised [1]. One of the new objective is active spatial relation switch. The detail description is as follow.
	· Spatial relation switch for uplink
· Introduce the delay requirements for spatial relation switch for uplink channels and SRS


In this paper, we will discuss the detail requirement for active spatial relation switch. 
2 Framework on Active Spatial Relation Switch
So far, RAN4 only discusses the TCI state switch requirement for downlink control and data channel, but RAN1 and RAN2 specifications also define the spatial relation for uplink PUCCH, PUSCH, and SRS. The UE’s uplink channel and RS can be QCLed with a SRS or downlink RS based on the spatial relation configuration. 
2.1 QCLed with a downlink RS
Generally, if the uplink channel or RS is configured to QCL with a downlink RS, the active spatial relation switch procedure shall be similar as the procedure of active TCI state switch as follow. The similar known and unknown condition definition from TCI state switch shall be re-used. At first, the network can configure some spatial relation lists and some measurement objects. 
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Figure 1. Active Spatial Relation Switch Procedure for QCLed with DL RS
[bookmark: _Ref31297661]Proposal 1: When active spatial relation is configured to switch to a DL RS, the known and unknown condition shall be defined.
In known condition, when network receives the UE’s measurement reporting, the network may configure the UE to switch to a new spatial relation. When UE receives the spatial relation switch command, the UE only need to decode the command and execute one-shot fine timing tracking.  After that, the UE will finish the active spatial relation switch.
In unknown condition, the network may configure the UE to switch to a new spatial relation without any measurement information. When UE receives the spatial relation switch command, the UE need to decode the command. After that, execute Rx beam sweeping to find the best Rx beam and do the one-shot fine timing tracking.  After that, the UE will finish the active spatial relation switch.
[bookmark: _Ref31297665]Proposal 2: When active spatial relation is configured to switch to a DL RS, Rx beam sweeping shall be also considered in unknown condition.
Scheduling Restriction
When the spatial relation is unknown, the UE should execute the Rx beam sweeping to train the downlink spatial domain filter before transmitting the uplink signals with the same spatial domain transmission filter. During the training phase, the UE only has the previous spatial relation information (which UE adopted before receiving the switch command) and also this information is known to network. Thus, UE shall be allowed to be transmitted signals with previous spatial domain transmission filter, but the signal quality cannot be guaranteed before UE finishes the active spatial relation switching. 
[bookmark: _Ref23446791]Proposal 3: For unknown spatial relation switch, UE is allowed to transmit signals with previous spatial domain transmission filter during the Rx beam training phase.
2.2 QCLed with a SRS
In uplink spatial relation configuration, a different scenario is that the uplink channel or RS can be configured to be QCLed with an uplink SRS. After some QCLed links, the spatial relation shall be QCLed with SRS with its usage configured as ‘beamManagement’.
[bookmark: _Ref31297651]Observation 1: When active spatial relation is configured to switch to a SRS, it means after some QCLed links, the spatial relation shall be QCLed with SRS with its usage configured as ‘beamManagement’.
In this case, UE does not need any additional beam sweeping procedure. Thus, the procedure won’t differentiate known and unknown condition when uplink spatial relation is QCLed to a SRS. At first, the network can configure some spatial relation lists to UE. Then the network directly configure a new spatial relation with SRS index to UE. When UE receives the spatial relation QCLed to a SRS index, UE will only follow the same beam with this uplink SRS. 
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Figure 2. Active Spatial Relation Switch Procedure for QCLed with SRS
[bookmark: _Ref31297691]Proposal 4: When active spatial relation is configured to switch to a SRS, the UE will directly follow the same beam with this uplink SRS without the differentiation between known and unknown condition.
3 Active Spatial Relation Switch for each channel and RS
In this section, we provide some first-level discussion about the active spatial relation switch for different channels and RS
· PUCCH
· PUSCH
· SRS

3.1 Active Spatial Relation switch for PUCCH
The procedure of active spatial relation switch for PUCCH is similar as active TCI state switch for PDSCH in downlink which is shown as follow. RRC is required at first to configure with up to 8 spatial relations, followed by MAC CE based PUCCH spatial relation activation. MAC CE activates one of the spatial relation for PUCCH. The UE will transmit the PUCCH using a same Rx spatial domain filter as a reception of a SSB or CSI-RS or a transmission of a SRS. Thus, RAN4 shall define the MAC based active spatial relation switch when active spatial relation switches for PUCCH. 
As we discussed above, when active spatial relation is configured to switch to a DL RS, the UE requirements will be different for known and unknown case. When active spatial relation is configured to switch to a SRS, we only need to consider MAC CE parsing time.
[bookmark: _Ref23436004]Proposal 5: RAN4 shall define the MAC based active spatial relation switch for PUCCH.
[image: ]
Figure 3. PUCCH Spatial Relation Activation Procedure
3.2 Active Spatial Relation switch for PUSCH
The PUSCH spatial relation activation behavior is different as downlink PDSCH which is indicated by DCI. PUSCH spatial relation is explicitly demonstrated in spec and follows either the PUCCH or SRS spatial relation depending on the DCI command received, i.e., DCI format 0_0 or 0_1.
When DCI format 0_0 is recevied, PUSCH always follows the same spatial domain transmission filter as for PUCCH. 
[image: ]
Figure 4. PUSCH Spatial Relation Activation Procedure in DCI format 0_0
	TS38.214 6.1
For PUSCH scheduled by DCI format 0_0 on a cell, the UE shall transmit PUSCH according to the spatial relation, if applicable, corresponding to the dedicated PUCCH resource with the lowest ID within the active UL BWP of the cell, as described in Subclause 9.2.1 of [6, TS 38.213].


When DCI format 0_1 is configured, the UE shall transmit PUSCH using the same antenna ports as the SRS port(s) in the SRS resource(s) indicated by SRI(s). The indicated SRI in slot n is associated with the most recent transmission of SRS resource identified by the SRI.
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Figure 5. PUSCH Spatial Relation Activation Procedure in DCI format 0_1
	TS38.214 6.1.1 and 6.1.2
The UE shall transmit PUSCH using the same antenna port(s) as the SRS port(s) in the SRS resource indicated by the DCI format 0_1 or by configuredGrantConfig according to subclause 6.1.2.3


[bookmark: _Ref23434473]Observation 2: The spatial relation of PUSCH will follow PUCCH when configured by DCI format 0_0 or follow SRS when configured by DCI format 0_1.
Considering PUSCH spatial relation shall only follow the related PUCCH or SRS spatial relation, there is no explicit PUSCH active spatial relation switch procedure, if the requirements for PUCCH and SRS are ready. Thus, RAN4 does not need to define new active spatial relation switch requirement for PUSCH.
[bookmark: _Ref23436016]Proposal 6: For PUSCH spatial relation switch RAN4 either does not define the requirement or directly refers to the requirements for SRS and PUCCH.
3.3 Active Spatial Relation switch for SRS
The SRS resources also can be periodic, semi-persistent, or aperiodic. Periodic SRS is configured by RRC. Semi-persistent SRS is activated by MAC-CE. Aperiodic SRS is triggered/activated by DCI command. The issue in spatial relation for SRS is whether to define known condition and whether to consider only known case in some specific scenarios. 
[image: ]
Figure 6. SRS Spatial Relation Activation Procedure
[bookmark: _Ref31297710]Proposal 7: RAN4 shall define
· the RRC based active spatial relation switch for periodic SRS.
· the MAC based active spatial relation switch for semi-persistent SRS.
· the DCI based active spatial relation switch for aperiodic SRS.
As we discussed above, if the SRS is associated with another uplink SRS, UE will directly use the same beam for this uplink SRS. UE does not need the additional Rx beam sweeping time. 
[bookmark: _Ref23436020]Proposal 8: If the SRS-SpatialRelationInfo is configured as srs, the spatial relation switch is always in known condition.
When network configures periodic/semi-persistent SRS transmission, if the SRS is associated with the DL RS, the similar framework can be reused as PUCCH transmission. The active spatial relation switch shall differentiate between known and unknown condition. 
[bookmark: _Ref23436023][bookmark: _Ref31297720]Proposal 9: When network configures the periodic/semi-persistent SRS transmission and the SRS-SpatialRelationInfo with DL RS, both known and unknown requirement shall be defined.  
For aperiodic SRS, generally, it could be believed as an urgent sounding behaviour. It means the network doesn’t want additional beam training time and needs this sounding information as soon as possible. As defined in TS38.214 6.2.1, the time interval between the DCI command and the aperiodic SRS transmission is about slotOffset which is a very short time duration. Thus, the aperiodic SRS should always associated with a known spatial relation.
	For a UE configured with one or more SRS resource configuration(s), and when the higher layer parameter resourceType in SRS-Resource is set to 'aperiodic':
…
· 
If the UE receives the DCI triggering aperiodic SRS in slot n, the UE transmits aperiodic SRS in each of the triggered SRS resource set(s) in slot where k is configured via higher layer parameter slotOffset for each triggered SRS resources set and is based on the subcarrier spacing of the triggered SRS transmission, µSRS and µPDCCH are the subcarrier spacing configurations for triggered SRS and PDCCH carrying the triggering command respectively.


[bookmark: _Ref23434478]Observation 3: The time interval between DCI command and aperiodic SRS transmission is very short and hasn’t considered the additional beam sweeping time in RAN1 specification.
[bookmark: _Ref23436026]Proposal 10: Only define the delay requirement of aperiodic SRS spatial relation switch in known condition.
4 Conclusion
In the contribution, we discuss the issues for active spatial relation switch. We have the following observations and proposals:
Observation 1: When active spatial relation is configured to switch to a SRS, it means after some QCLed links, the spatial relation shall be QCLed with SRS with its usage configured as ‘beamManagement’.
Observation 2: The spatial relation of PUSCH will follow PUCCH when configured by DCI format 0_0 or follow SRS when configured by DCI format 0_1.
Observation 3: The time interval between DCI command and aperiodic SRS transmission is very short and hasn’t considered the additional beam sweeping time in RAN1 specification.
Proposal 1: When active spatial relation is configured to switch to a DL RS, the known and unknown condition shall be defined.
Proposal 2: When active spatial relation is configured to switch to a DL RS, Rx beam sweeping shall be also considered in unknown condition.
Proposal 3: For unknown spatial relation switch, UE is allowed to transmit signals with previous spatial domain transmission filter during the Rx beam training phase.
Proposal 4: When active spatial relation is configured to switch to a SRS, the UE will directly follow the same beam with this uplink SRS without the differentiation between known and unknown condition. 
Proposal 5: RAN4 shall define the MAC based active spatial relation switch for PUCCH.
Proposal 6: For PUSCH spatial relation switch RAN4 either does not define the requirement or directly refers to the requirements for SRS and PUCCH.
Proposal 7: RAN4 shall define
· the RRC based active spatial relation switch for periodic SRS.
· the MAC based active spatial relation switch for semi-persistent SRS.
· the DCI based active spatial relation switch for aperiodic SRS.
Proposal 8: If the SRS-SpatialRelationInfo is configured as srs, the spatial relation switch is always in known condition.
Proposal 9: When network configures the periodic/semi-persistent SRS transmission and the SRS-SpatialRelationInfo with DL RS, both known and unknown requirement shall be defined.
Proposal 10: Only define the delay requirement of aperiodic SRS spatial relation switch in known condition.
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