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Introduction
This is a revision of Samsung’s contribution R1-1713595 submitted to RAN1 #90. This revision provides updated views on various DL beam indication aspects in NR. We refer the reader to our companion contributions [1]-[4] for discussion on related proposals on DL and UL beam management. A list of the agreements on beam indication from RAN1 #90 is provided below. For PDSCH beam indication, it was agreed in RAN1 #90 to introduce the concept of an indicator state, which we suggest capturing in the specification, as a QCL Indicator (QI). A QI provides a reference to one or two RS sets, which indicates a QCL relationship for one or two DMRS port groups. 
Agreements:
· For the purposes of beam indication for at least NR unicast PDSCH, support an N-bit indicator field in DCI which provides a reference to a DL RS which is spatially QCL’d with at least one PDSCH DMRS port group
· An indicator state is associated with at least one index of a DL RS (e.g., CRI, SSB Index) where each index of downlink RS can be associated with a given DL RS type,  e.g., aperiodic CSI-RS, periodic CSI-RS, semi-persistent CSI-RS, or SSB, 
· Note: L1-RSRP reporting on SSB is not yet agreed
· Note: One possibility to determine DL CSI-RS type is through the resource setting ID, other options are not precluded
· The value of N is FFS, but is at most [3] bits
· FFS: The case of more than one DMRS port group
· FFS: Whether or not to indicate more than one beam indicator, NR strive to minimize the indicator overhead 
· FFS: Signalling mechanism for the association of a DL RS index (e.g., CRI, SSB index) to an indicator state, e.g., 
· The association is explicitly signaled to the UE
· The association is implicitly determined by the UE
· Combination of the above is not precluded
· FFS: An indicator state may or may not also include other parameter(s), e.g., for PDSCH to RE mapping purposes analogous to PQI in LTE, other QCL parameters
· FFS: Whether or not an indicator state may be associated with more than one DL RS index
· FFS: PDCCH beam indication may or may not be based on the beam indication states for PDSCH

Agreements
· Support the QCL indication of DM-RS for PDSCH via DCI signaling:
· The N-bit indicator field in the agreed WF R1-1714885 is extended to support:
· Each state refers to one or two RS sets, which indicates a QCL relationship for one or two DMRS port group (s), respectively
· Each RS set refers to one or more RS(s) which are QCLed with DM-RS ports within corresponding DM-RS group
· Note: The RSs within a RS set may be of different types
· If there are more than one RS per RS set, each of them may be associated with different QCL parameters, e.g. one RS may be associated with spatial QCL while another RS may be associated with other QCL parameters, etc
· Configuration of RS set for each state can be done via higher layer signaling
· E.g., RRC/RRC + MAC CE
· FFS the timing when the QCL is applied relative to the time of the QCL indication
Agreements
· FFS the indicator state referred in below text may or may not be the indicator state defined in R1-1714885
· Following ways of configuring QCL relations between a reference RS and a targeted RS are supported
· If configured, at least spatial QCL relation between SS Block (ref) and at least P/SP CSI-RS is signaled 
· FFS signaling details, e.g., by RRC, etc.
· FFS: AP CSI-RS for targeted RS
· If configured, at least spatial QCL relation between a P/SP CSI-RS resource (ref) and another (different) at least P/SP CSI-RS resource is signaled 
· FFS signaling details, e.g., by RRC, etc.
· FFS: AP CSI-RS for targeted RS
· FFS : Other candidate relations
Beam Indication Procedures
The configuration for beam indication for PDSCH and PDCCH will be performed via a mix of RRC, MAC-CE and DCI signalling. For PDSCH beam indication, it has been agreed in RAN1 #90 that for at least unicast PDSCH, the scheduling DCI message contains a N-bit indicator field (representing the value of the QI state) which provides a reference to a DL RS which is spatially QCL’d with at least one PDSCH DMRS port group. 
In our view, the configuration of QCL reference for beam indication occurs in three steps:
Step 1: For providing initial configuration for PDSCH beams, RRC provides one or two RS sets (per QI state), such that each RS set provides candidate QCL references (including spatial RX parameters) used to receive the DM-RS port group (s) of PDSCH. For PDCCH beam indication, RRC could link each CORESET to an RS set which provide QCL reference to receive the DM-RS port (s) of (at least) UE-specific PDCCH in that CORESET.
Step 2: MAC-CE signalling can be used to replace/activate a QCL reference for a QI state/CORESET. For example, if RRC associates the QI = 0 state with SS Block Time Index = k, based on L1-RSRP reporting from the UE, the gNB could send a MAC-CE replacing SSB index = k with a different SSB Block Index k’ at a later different time. 
Step 3: For PDSCH beam indication, DCI signalling could update the QCL reference for a QI state via triggering of AP CSI-RS resource. Depending on whether the concept of QI state is reused for PDCCH beam indication or not, it is FFS whether the update of QCL reference via DCI triggering of AP CSI-RS could also be used to update the QCL reference used to receive the DM-RS port (s) for UE-specific PDCCH which is associated to that state.
Below sub-sections provide our views on each of these steps.
[bookmark: _Ref492802857]RRC Configurations
[bookmark: _GoBack]Assuming a maximum of N QI states, RRC signalling configures a QI state with one or two RS sets (Table 1), which indicates a QCL relation to one or two DMRS port group (s). Each RS within the set may be associated with different QCL parameters, e.g. one RS may be associated with spatial QCL while another RS may be associated with other QCL parameters, etc. For example, in a NC-JT scenario comprising of simultaneous reception from TRP1 and TRP2, the QCL parameters for TRP 1 (respectively TRP 2)’s transmission could be provided via RS Set 1 (respectively RS Set 2). The number of QI states can be kept to a small number (say a maximum of [8] states) relative to the total number of candidate beams (e.g. 256 CRI values) since the association between a QI state and the DL RS index (beam) can anyway be subsequently updated via MAC-CE or DCI signalling. In our view, the DL RS type for association to a QI value can be either SS Block or P/SP CSI-RS. We prefer that association of a QI value to an AP CSI-RS resource be configured (semi-)dynamically, via either MAC-CE signalling or DCI signalling.
[bookmark: _Ref492757533]Table 1: RRC Configuration for PDSCH Beam Indication
	QI value
	RS Set (s)
	Comment

	0
	{RS Set 1, RS Set 2}
	1) A QI state may be associated with either 1 or 2 RS Sets. Each RS set refers to one or more RS(s) [of type P/SP CSI-RS or SS Block] which are QCLed with DM-RS ports within corresponding DM-RS group.
2) FFS: whether RRC can configure the RS within an RS Set to belong to an AP CSI-RS resource 

	1
	{RS Set 3, RS Set 4}
	

	2
	{RS Set 5, RS Set 6}
	

	3
⁞
	{RS Set 7, RS Set 8}
         ⁞
	

	
	{RS Set , RS Set 
	



For PDCCH beam indication signalling, it is FFS whether the beam indication framework used for PDSCH can be reused for indicating the PDCCH beam. In one alternative, the RRC CORESET configuration could include an QI value acts as a reference to a RS set, which provides QCL reference to DM-RS port (s) for UE-specific PDCCH on that CORESET. The set of QI values for configuring CORESET may or may not be independent from the set of QI values used for maintaining PDSCH beams. An alternative and potentially simpler way is to explicitly link a CORESET index to the index of the DL RS providing spatial QCL reference for the UE-specific PDCCH DM-RS on that CORESET.
[bookmark: _Ref492581333]Table 2: RRC Configuration for CORESET (s)
	CORESET
	RS Set

	0
	RS Set 1

	1
	RS Set 2



Proposal 1: RRC Signalling is used to configure up to [8] QI values for PDSCH beam indication. Each QI value is linked to one or two RS sets. The RRC configured RS types in each set can correspond to either P/SP CSI-RS or SS Block (FFS whether the RRC configured RS type can belong to an AP CSI-RS resource). 
Proposal 2: RRC Signalling is used to link a CORESET to one RS set which configures the QCL reference for the DMRS ports of UE-specific PDCCH on that CORESET. It is FFS whether the QI concept can be reused for purposes of PDCCH beam indication.
MAC-CE based update of QCL reference to a QI state
Due to UE mobility, orientation and environmental effects such as blockage, it is inevitable that on any given QI value, the preferred TX-RX beam pair will be time-varying. To facilitate beam tracking, RAN1 has agreed to introduce beam group reporting wherein the UE reports its preferred set of TX beams (ranked via RSRP measurement) for each RX beam set. Based on the UE feedback, the gNB determines whether to retain the existing DL RS index for a given QI value or to update (replace) the QCL reference for a given QI value with a different DL RS index. 
For beam tracking on a semi-dynamic manner, it is desirable to update the association between QI/CORESET and DL RS index (es), at least via RRC/RRC + MAC-CE signalling. We envisage usage of this signalling framework for updating QCL references based on P/SP CSI-RS and SS Block. To associate a QI value to an AP CSI-RS resource, our preference is to employ DCI triggering of that AP CSI-RS resource and providing the QI value within that DCI. In that case, the UE can assume that the triggered AP CSI-RS can be received using identical QCL parameters as the RS belonging to the RS Set (s) associated to that QI value. See Table 3 and Table 4 for an example.
[bookmark: _Ref492581359]Table 3: MAC-CE configuration of QI and associated DL-RS index for PDSCH beam indication
	QI Value
	DL RS Index
	QCL RS type

	0
	SS Block Time Index (-es) or CRI (s)
	SS block or P/SP CSI-RS (FFS: support for AP CSI-RS)

	1
	SS Block Time Index (-es) or CRI (s)
	

	2
	SS Block Time Index (-es) or CRI (s)
	

	3
	SS Block Time Index (-es) or CRI (s)
	



[bookmark: _Ref492581389]Table 4: MAC-CE configuration of CORESET and associated DL-RS index for QCL reference
	CORESET Index
	 DL RS Index
	QCL RS type

	0
	SS Block Time Index (-es) or CRI (s)
	SS block or P/SP CSI-RS

	1
	SS Block Time Index (-es) or CRI (s)
	



Proposal 3: RRC/RRC + MAC-CE signalling is used for signalling QCL reference for the following use-cases:
· Signalling linkage between QI state and a DL RS index (providing QCL reference), chosen from either P/SP CSI-RS or SS Block, and is assigned to the RS set (s) associated with the QI state. 
· Signalling linkage between a CORESET and a DL RS index (providing QCL reference), chosen from either P/SP CSI-RS or SS Block, and is assigned to the RS set associated with the CORESET. 
· FFS: The DL RS index can also correspond to an AP CSI-RS resource.
DCI based update of QCL reference to a QI state
To employ refined beams for receiving PDSCH, the gNB could dynamically trigger beam refinement procedures via P2/P3 DCI messages and provide QCL reference via an “on-demand” resource such as AP CSI-RS. In our view, for AP CSI-RS, there is no need for an RRC based configuration QCL reference for AP CSI-RS resource (s). Rather, the DCI message which triggers the AP CSI-RS could also contain a reference to the RS Set (s) which can be assumed as QCL reference to receive the AP CSI-RS. Following measurement on the triggered AP CSI-RS, the UE can subsequently assume that for the QI value included within the DCI, the triggered AP CSI-RS provides the new spatial QCL reference for reception of the DM-RS port group (s) associated with PDSCH on that QI state. 
Unlike PDSCH, beam management for PDCCH is expected to be less dynamic since the use-cases, data rates and reliability requirements for PDSCH and PDCCH are significantly different. Indeed, it has been agreed in RAN1#89 that RRC and MAC CE signalling is supported for QCL indication for UE-specific NR PDCCH, with FFS on the necessity of DCI signalling. In our view, the network should have sufficient flexibility to address the following beam management use-cases for PDSCH and PDCCH:
Use-case 1: The PDSCH and the CORESET carrying the scheduling PDCCH are received using independent QCL references. Two examples for this use-case are as follows:
· In use-case 1a, the scheduled PDSCH and the CORESET carrying the scheduling PDCCH are received using coarse (wide) beams (e.g. using SS Block, P/SP CSI-RS as QCL reference) which may or may not be identical.
· In use-case 1b, the scheduled PDSCH is received on refined beams (e.g. following triggering of AP CSI-RS) while a CORESET (carrying the UE-specific PDCCH scheduling that PDSCH) is received using wide beams e.g. using SS Block, P/SP CSI-RS as QCL reference.
Use-cases 1a and 1b are straight-forwardly realized via RRC/RRC + MAC-CE signalling (as described in Proposal 3) and, if necessary, refining PDSCH beams via dynamically linking a QI value to an AP CSI-RS resource.
Use-case 2: The PDSCH and the CORESET carrying the scheduling PDCCH are received using identical QCL references. This type of linkage provides two benefits. Firstly, such a linkage facilitates fall-back PDSCH reception which may be useful by (re-) transmitting a UE-specific PDSCH on a wider coverage PDCCH beam and such a fall-back mode adds robustness with respect to UE mobility and signal blockage. Secondly, due to the latencies arising from PDCCH decoding and RX beam switching in case of same slot DL assignment, the UE may not know in advance which RX beam to switch to (relative to the RX beam used to receive its PDCCH) in order to buffer (potential) PDSCH samples in that slot [4]. On the other hand, suppose the UE knows that to buffer up potential PDSCH samples on a certain CORESET, it can reuse identical RX beam as that used for receiving the PDCCH on that CORESET. Then the UE can, similar to LTE UE implementations, buffer potential PDSCH samples in parallel with monitoring PDCCH candidates to determine whether it has a DL assignment in that slot.
To facilitate the fall-back option described in Use-case 2, a higher-layer parameter Y could be included within the CORESET configuration which enables/disables inclusion of an QI within DCI messages sent via that CORESET. If Y is enabled, when the UE detects a DCI scheduled within that CORESET, the UE assumes that the DL RS associated with the QI (carried within the DCI message) also provides QCL reference for AP CSI-RS (if triggered by the DCI) or PDSCH (if the DCI provides a DL assignment). If Y is disabled, then the UE assumes that QI field is not present within any DCI message delivered via that CORESET. The UE would apply the same QCL reference associated with the CORESET for receiving the PDSCH/AP CSI-RS scheduled on that CORESET. 
A final issue is regarding the necessity of DCI signalling for purposes of PDCCH beam indication. In our view, the need for DCI based PDCCH beam indication for purposes of refining PDCCH beams is quite limited. One way to facilitate whether or not refined beams can be used for receiving the PDCCH-DMRS on a CORESET is to introduce a higher-layer CORESET parameter X (similar to above) which determines whether or not the QCL reference for that CORESET may be dynamically updated via DCI triggering of AP CSI-RS. If X disables dynamic update of a CORESET, then the QCL reference for that CORESET will be obtained via the most recent RRC/RRC + MAC-CE signalling received for that CORESET. If X is enabled, the QCL reference for that CORESET may be dynamically updated via DCI triggering of AP CSI-RS, which shares the same initial QCL reference as that CORESET. 
Proposal 4: Introduce a higher-layer signalled CORESET parameter Y which enables/disables the inclusion of an QI field within a DCI message carried within a UE-specific PDCCH on a CORESET.
· If Y is enabled, then when the UE detects a DCI scheduled via a UE-specific PDCCH within that CORESET, the UE assumes that the DL RS associated with the QI (carried within the DCI message) also provides QCL reference for receiving AP CSI-RS (if triggered by the DCI) or for receiving PDSCH (if the DCI provides a DL assignment).
· If Y is disabled, then the UE assumes an QI field is not carried within any DCI message delivered via that CORESET. The UE applies the QCL reference associated with the CORESET to also receive the scheduled PDSCH/triggered AP CSI-RS on that CORESET.
Proposal 5: Introduce a higher-layer signalled CORESET parameter X for enabling/disabling dynamic update of QCL reference for a UE-specific PDCCH carried within that CORESET.
· If X is enabled, the QCL reference for that CORESET can be dynamically updated via DCI triggering of AP CSI-RS, which shares the same initial QCL reference as that CORESET. 
· If X is disabled, the QCL reference for a CORESET is provided via the last RRC/RRC + MAC-CE signalling received for that CORESET
Proposal 6: Dynamic update of spatial QCL reference is provided by DCI triggering of an AP CSI-RS resource.
· If the triggering DCI includes a QI field, the DL RS index linked to that QI field is assumed to share spatial QCL relation with that AP CSI-RS resource. 
· If the triggering DCI does not include a QI field, the QCL reference for that AP CSI-RS resource is derived based on the QCL reference corresponding to the DM-RS port (s) of the UE-specific PDCCH which carries the triggering DCI.
· Upon measurement of that AP CSI-RS resource, the UE shall subsequently replace the existing spatial QCL reference for that QI with the AP CSI-RS resources.
Conclusions
In this contribution, we discussed further DL beam indication details. Our proposals are given below.
Proposal 1: RRC Signalling is used to configure up to [8] QI values for PDSCH beam indication. Each QI value is linked to one or two RS sets. The RRC configured RS types in each set can correspond to either P/SP CSI-RS or SS Block (FFS whether the RRC configured RS type can belong to an AP CSI-RS resource). 
Proposal 2: RRC Signalling is used to link a CORESET to one RS set which configures the QCL reference for the DMRS ports of UE-specific PDCCH on that CORESET. It is FFS whether the QI concept can be reused for purposes of PDCCH beam indication.
Proposal 3: RRC/RRC + MAC-CE signalling is used for signalling QCL reference for the following use-cases:
· Signalling linkage between QI state and a DL RS index (providing QCL reference), chosen from either P/SP CSI-RS or SS Block, and is assigned to the RS set associated with the QI state. 
· Signalling linkage between a CORESET and a DL RS index (providing QCL reference), chosen from either P/SP CSI-RS or SS Block, and is assigned to the RS set associated with the CORESET. 
· FFS: The DL RS index can also correspond to an AP CSI-RS resource.
Proposal 4: Introduce a higher-layer signalled CORESET parameter Y which enables/disables the inclusion of an QI field within a DCI message carried within a UE-specific PDCCH on a CORESET.
· If Y is enabled, then when the UE detects a DCI scheduled via a UE-specific PDCCH within that CORESET, the UE assumes that the DL RS associated with the QI (carried within the DCI message) also provides QCL reference for AP CSI-RS (if triggered by the DCI) or PDSCH (if the DCI provides a DL assignment).
· If Y is disabled, then the UE assumes an QI field is not carried within any DCI message delivered via that CORESET. The UE applies the QCL reference associated with the CORESET to also receive the scheduled PDSCH/triggered AP CSI-RS on that CORESET.
Proposal 5: Introduce a higher-layer signalled CORESET parameter X for enabling/disabling dynamic update of QCL reference for a UE-specific PDCCH carried within that CORESET.
· If X is enabled, the QCL reference for that CORESET can be dynamically updated via DCI triggering of AP CSI-RS, which shares the same initial QCL reference as that CORESET. 
· If X is disabled, the QCL reference for a CORESET is provided via the last RRC/RRC + MAC-CE signalling received for that CORESET
Proposal 6: Dynamic update of spatial QCL reference is provided by DCI triggering of an AP CSI-RS resource.
· If the triggering DCI includes a QI field, the DL RS index linked to that QI field is assumed to share spatial QCL relation with that AP CSI-RS resource. 
· If the triggering DCI does not include a QI field, the QCL reference for that AP CSI-RS resource is derived based on the QCL reference corresponding to the DM-RS port (s) of the UE-specific PDCCH which carries the triggering DCI.
· Upon measurement of that AP CSI-RS resource, the UE shall subsequently replace the existing spatial QCL reference for that QI with the AP CSI-RS resources.
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