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QCL for receiving PDCCH and PDSCH 
In order to support quasi-collocation and various beamforming feature in NR, RAN1 has agreed to support up to M Transmission Configuration Indicator (TCI) states, wherein each TCI state can include one RS Set. TCI state was defined for QCL indication of various cases such as quasi-collocation between the RS Set and PDSCH transmission and quasi-collocation between the RS set and PDCCH transmission. QCL indication helps a UE form the needed channel estimations for receiving DL assignment and receiving data.
QCL for PDSCH
For QCL indication for PDSCH the following agreements are from RAN1#90bis
         For QCL indication for PDSCH: 
         When TCI states are used for QCL indication, the UE receives an N-bit TCI field in DCI 
         The UE assumes that the PDSCH DMRS is QCL with the DL RS(s) in the RS Set corresponding to the signaled TCI state  

Thus, for PDSCH, the QCL indication comes via DCI which points to one of the TCI states. How the TCI states can be configured and managed is discussed in Section 3.
[bookmark: _Toc498591082][bookmark: _Toc498592956][bookmark: _Toc498640014]There is no MAC involvement for associating a TCI state to PDSCH.
QCL for PDCCH
For QCL indication for PDCCH the following agreements are from NR RAN1 Adhoc #3:

The QCL configuration for PDCCH contains the information which provides a reference to a TCI state
•       Alt 1: The QCL configuration/indication is on a per CORESET basis
•       The UE applies the QCL assumption on the associated CORESET monitoring occasions. All search space(s) within the CORESET utilize the same QCL.
•       Alt 2: The QCL configuration/indication is on a per search space basis
•       The UE applies the QCL assumption on an associated search space. This could mean that in the case where there are multiple search spaces within a CORESET, the UE may be configured with different QCL assumptions for different search spaces.
•       Note: The indication of QCL configuration is done by RRC or RRC + MAC CE (FFS: by DCI)
Note: The above options are provided as input to the control channel agenda item discussion 

Then from RAN1#90bis:
Agreements:
· [bookmark: _Toc498592960]UE may assume that the DMRS of PDCCH and the DMRS of PDSCH conveying Msg2 are QCL'ed with the SS block that the UE selected for RACH association and transmission 
· [bookmark: _Toc498592961]UE may assume that the DMRS of PDCCH conveying Msg3 retransmission grant is QCLed with the SS block that the UE selected for RACH association and transmission
Seems the first QCL assumption for PDCCH is based SSB selected during random access procedure. After this as per the RAN1 agreement, the UE will get an RRC configuration for the QCL indication. The RAN1 agreement also mentions MAC CE which could be used to update the QCL indication without changing the configuration. It is however unclear if this is really needed. Further, with the two alternatives on table, it is not possible to define a MAC CE for this purpose yet. 
[bookmark: _Toc498591084][bookmark: _Toc498592958][bookmark: _Toc498640015]RAN1 has not concluded all details related to spatial QCL for PDCCH.
[bookmark: _Toc498592962][bookmark: _Toc498593000][bookmark: _Toc498593019]Activating an RS and indicating QCL to another RS
Activation of CSI-RS
[bookmark: _Hlk498539496]Agreements from RAN1#90bis relating to CSI-RS configuration and activation as well as the QCL reference for the RS:
Agreement: 
SP CSI-RS is activated with RRC + MAC CE

[bookmark: _Hlk498542779]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


Activation of SP CSI-RS resource and indicating QCL
When a SP CSI-RS resource is activated, a similar approach as for Rel-14 eFD-MIMO can be used. RRC configures an amount of SP NZP CSI-RS resources out of which an up to activatedMax number of resources can be activated simultaneously. As more than one resource can be activated at the same time, a bitmap of size maxSPResource is needed. The value for maxSPResource should come from RAN1.
As in NR the activated resource also needs a QCL assumption, it could be indicated in the same MAC CE by giving the QCL reference. For this there are two options. One can indicate a TCI state, or one can indicate an SSB index. The number of bits needed to indicate a TCI state is 2 or 3 pending on RAN1 agreement and up to 6 bits for SSB index. The merit of using SSB index is that options for SSBs are less as each TCI state includes one RS and that RS may be SSB or CSI-RS. Thus, to be able to refer to any SSB, the SSB index is preferred over TCI ID.
[bookmark: _Toc498592964][bookmark: _Toc498593002][bookmark: _Toc498593021][bookmark: _Toc498640009]Introduce one MAC CE to activate/deactivate a SP CSI-RS resource and to indicate QCL reference to it.
[bookmark: _Toc498592965][bookmark: _Toc498593003][bookmark: _Toc498593022][bookmark: _Toc498640010]Use SSB index to indicate QCL reference to the SP CSI-RS resource.
Activation of AP CSI-RS resource and indicating QCL
From RAN1, there are further the following agreements:
Agreements:
Confirm the working assumption with the following refinement 
· N = {0, 1, 2, …, Nmax}  is configurable via RRC signalling
· Decide in RAN1#91 the value of Nmax from one of {3,4,5,6,7,8} taking into account both carrier aggregation and MIMO aspects
· Note: N is the bitwidth of a CSI request field in DCI which includes signaling at least the triggering of CSI report setting(s) and/or aperiodic CSI-RS resource set(s) for channel and/or interference measurement on one or more CCs.
· When the number of RRC configured CSI triggering states for the CSI request field Sc >2^N–1, MAC CE activation signaling maps the (2^N–1) code points of the CSI request field to a subset of the Sc RRC configured CSI triggering states.
· If Sc <2^N, MAC CE activation does not apply
[bookmark: _Hlk498555090][bookmark: _Hlk498556273]For AP CSI-RS triggering, a MAC CE is needed if the number of CSI triggering states configured by RRC is more than 2^N-1 to limit the number of triggering states pointed by DCI to 2^N-1. A trigger state corresponds to a combination of report configs and AP-CSI-RS resource sets i.e., a joint trigger. Thus, the MAC CE that remaps from M>2^N-1 trigger states to 2^N-1 trigger states, “remaps” aperiodic CSI-RS resources as well. RAN2 therefore has to define a MAC CE that can be used to select 2^N-1 trigger states from the larger group of M trigger states configured by RRC. This MAC CE also jointly triggers a combination of one or more reporting configurations and one or more aperiodic CSI-RS resource sets.
[bookmark: _Toc498592966][bookmark: _Toc498593004][bookmark: _Toc498593023][bookmark: _Toc498640011]Introduce one MAC CE that can be used for down selection of M>2^N-1 trigger states to 2^N-1 trigger states. This MAC CE jointly triggers a combination of one or more reporting configurations and one or more aperiodic CSI-RS resource sets.

[bookmark: _Ref178064866]Configuring and updating spatial QCL of a TCI state
We have the following RAN1 status for TCI state configuration:
Agreement:
Support at least the explicit approach for the update of spatial QCL reference in a TCI state.
· FFS: Additional support for implicit update.
· Note: In the explicit approach, the TCI state is updated using either RRC or RRC + MAC-CE based approach
· Note: In the implicit approach, when a set of aperiodic CSI-RS resources are triggered, the triggering DCI includes a TCI state index which provides spatial QCL reference for the triggered set of CSI-RS resources. Following the measurement, the spatial QCL reference in the RS set corresponding to the indicated TCI state is updated based on the preferred CSI-RS determined by the UE. Other operations of implicit approaches are not precluded.
Agreement:
· Down-select to one of the following 2 options for the DCI field size for TCI in RAN1#91
· Alt-1: Fixed number of bits [2 or 3] bits
· Alt-2: A higher layer signaling parameter indicates the number of bits (2 or 3)

According to the RAN1 agreements, RRC may configure a number of candidate TCI states for a UE, wherein each TCI state has TCI ID and RS set or individual RS as the QCL indication. The configuration of TCI states can also use combination of RRC and MAC CE. For example, some TCI states could be SSB “specific”, or CSI-RS “specific”. This would mean that RRC configures certain amount of SSBs as candidate resources for a TCI state, say state 0, and then one uses MAC CE to pick one resource to be the “active” resource in that TCI state. Another state may be configured with candidate P CSI-RS resources and MAC CE selects one of those for this state. With this approach, there is no need to update the RRC configuration of the TCI states but one can operate only with MAC CEs when a state needs update of the QCL RS. Such MAC CE has the index of the TCI state to be updated and index for the resource (out of the candidate RSs configured for this state) that is used/activated/assumed to be the QCL reference for that state.  
[bookmark: _Toc498591086][bookmark: _Toc498592959][bookmark: _Toc498640016]In order to enable flexible options for the TCI states, RRC+ MAC CE approach should be used for TCI state maintenance.
[bookmark: _Toc498592968][bookmark: _Toc498593006][bookmark: _Toc498593025][bookmark: _Toc498592969][bookmark: _Toc498593007][bookmark: _Toc498593026][bookmark: _Toc498640012]Introduce one MAC CE that can update an RS for the spatial QCL assumption for a TCI state.
Timing aspects related to MAC CE for RS update
One more issue is the delay between the reception of the MAC CE and the UE being prepared for RS monitoring. Considering NR supports various transmission durations due to multiple numerologies, mini-slot formats, slot formats and processing delay, it is preferred that the timing of the RS update procedure TCI state is defined in ms rather than depends on the PDSCH transmission duration length. 
[bookmark: _Toc498640013]The RS update delay of a TCI state via MAC CE is in milliseconds, the exact delay value depends on further input from RAN1/RAN4.
Conclusion
In section 2 we made the following observations:
Observation 1	There is no MAC involvement for associating a TCI state to PDSCH.
Observation 2	RAN1 has not concluded all details related to spatial QCL for PDCCH.
Observation 3	In order to enable flexible options for the TCI states, RRC+ MAC CE approach should be used for TCI state maintenance.

Based on the discussion in section 2 we propose the following:
Proposal 1	Introduce one MAC CE to activate/deactivate a SP CSI-RS resource and to indicate QCL reference to it.
Proposal 2	Use SSB index to indicate QCL reference to the SP CSI-RS resource.
Proposal 3	Introduce one MAC CE that can be used for down selection of M>2^N-1 trigger states to 2^N-1 trigger states. This MAC CE jointly triggers a combination of one or more reporting configurations and one or more aperiodic CSI-RS resource sets.
Proposal 4	Introduce one MAC CE that can update an RS for the spatial QCL assumption for a TCI state.
Proposal 5	The RS update delay of a TCI state via MAC CE is in milliseconds, the exact delay value depends on further input from RAN1/RAN4.
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