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1	Introduction
In RAN Plenary meeting #75, a WID on NR was agreed. The work item targets to develop and specify the functionalities for eMBB operation as well as support the URLLC type of operation.
In this contribution we discuss about QCL framework and configurations including remaining issues related for beam indication for NR-PDCCH and NR-PDSCH. 
2	Discussion
2.1	Beam Indication for NR-PDSCH
2.1.1	Background
RAN1#90 made the following related agreements related to beam indication for NR-PDSCH:
	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



Based on the agreements above, for instance the following table could be formed to represent beam indication for NR-PDSCH:

Table 1 Indicator table for QCL association between DL RS and DMRS of NR-PDSCH
	Indicator state
	RS set
	RS type
	RS index
	DMRS port group

	‘000’
	SS blocks of the cell
	SS block
	SS block index #3
	#0

	‘001’
	SS blocks of the cell
	SS block
	SS block index #4
	#0

	‘010’
	CSI-RS res. set #A
	Periodic CSI-RS
	CRI #2 (of set #A)
	#0

	
	CSI-RS res. set #B
	Periodic CSI-RS
	CRI #4 (of set #B)
	#1

	‘011’
	CSI-RS res. set #C
	Periodic CSI-RS
	CRI #1 (of set #C)
	#0

	‘100’
	CSI-RS res. set #D
	Aperiodic CSI-RS
	CRI #0 (of set #D)
	#0

	…
	…
	…
	…
	…

	‘int2bin(N)’
	…
	…
	…
	…




2.1.2	Number of indicator states

Regarding 
· The value of N is FFS, but is at most [3] bits

we consider that 3 bits is enough for NR-PDSCH indication and would like to confirm the current assumption.

Proposal: 3-bit indicator field in DCI which provides a reference to a one or two DL RSs which are spatially QCL’d with one or two PDSCH DMRS port groups.

2.1.3	Signalling mechanism
FFS for signalling mechanism for the association of a DL RS index to indicator state is as follows:

· 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

As a result of contention based RACH procedure, UE is having one SS block TX beam for NR-PDCCH and NR-PDSCH (used for Msg 2 and Msg 4, as well as, signalling between gNB and UE to finalize RRC connection setup). It’s considered logical to have this certain SS block beam to correspond one/first indicator state in the indicator table and determined implicitly by the UE. The same would apply for beam recovery. In case the UE determines beam failure and triggers beam recovery, the UE will perform beam recovery procedure based on certain SS block or CSI-RS resource. In this case also, the UE would implicitly determine the association of a DL RS index to an indicator state.

Proposal: DL RS corresponding to selected SS block as a result of contention based RACH procedure is implicitly determined by the UE to correspond to the first indicator state in the indicator table.

Proposal: DL RS (SS block or CSI-RS) corresponding to the selected beam recovery resource, if such resource configured to UE, is implicitly determined by the UE to correspond to the first indicator state in the indicator table.

Other associations between DL RS index to an indicator state should be explicitly signalled to the UE.

2.1.4	Relation to NR-PDCCH beam indication

FFS for relation to NR-PDCCH beam indication is as follows:

· FFS: PDCCH beam indication may or may not be based on the beam indication states for PDSCH

For NR-PDCCH, TX beam change is seen more semi-static in nature than needed for NR-PDSCH. That is because the UE should know a priori which TX beam to assume in a certain CORESET for PDCCH. In addition, TX beams for NR-PDCCH may be wider in order to provide robustness and also the number of candidate TX beams for NR-PDCCH monitoring is seen to be less than 8 assumed to max for NR-PDSCH beams. Thus, it’s considered that different indicators for NR-PDCCH and NR-PDSCH are beneficial. It’s to be noted that the system can operate with the common indicator as well. E.g. in case the cell operates using the same beamwidth and the same set of beams for NR-PDCCH and NR-PDSCH, a single common indicator would be enough. Examples are e.g. cases like after RACH procedure or beam recovery procedure, the TX beam for the NR-PDCCH is the same as for the NR-PDSCH.

Proposal: Support separate indicators for QCL association indication between RS and DMRS of NR-PDCCH and between RS and DMRS of NR-PDSCH.

2.1.5	Other parameters to signal via indicator state signalling

There is an FFS whether or not e.g. PDSCH to RE mapping similar to LTE PQI should be captured by the indicator state: 
· 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

Based on the agreement from RAN1#88bis:

	…
· Data channel (PDSCH, PUSCH) duration and starting position
· Specification supports data channel having minimum duration of 1 OFDM symbol of the data and starting at any OFDM symbol to below-6GHz, in addition to above-6GHz
· Note: This may not be applied to all type of UEs and/or use-cases
· UE is not expected to blindly detect the presence of DMRS or PT-RS
· FFS: Whether a 1 symbol data puncturing can be indicated by preemption indication
· FFS: combinations of data duration and granularities of data position
· Specification supports data having frequency-selective assignment with any data duration
…




PDCCH DCI is expected to include separate fields for indicating e.g. PDSCH duration and starting position. Thus, it’s considered that spatial QCL indicator state doesn’t need to include parameters for PDSCH to RE mapping purpose.

Observation: PDCCH DCI is expected to include separate fields for indicating e.g. PDSCH duration and starting position. Spatial QCL indicator state doesn’t need to include parameters for PDSCH to RE mapping purpose.

2.2	Beam Indication for NR-PDCCH
2.2.1	Background
RAN1#90 made the following related agreements related to beam indication for NR-PDCCH:
	Agreements:
· After entering RRC CONNECTED mode, UE assumes the DM-RS ports of UE-specific PDCCH to be spatially QCL-ed with the SS block identified during initial access by default unless indicated otherwise
· Note: The above QCL assumption may or may not be used for MSG2 and MSG4 – for discussion in initial access session
· FFS: Details
· FFS: Whether or not the default QCL assumption is contained in a default indicator state if supported
· Note: This does not necessarily mean that the PDCCH beam indication is through DCI
· In RRC CONNECTED mode, 
· RRC only or RRC+ MAC CE signaling is used to indicate QCL relation (at least w.r.t spatial RX parameters) between DMRS port(s) of UE-specific PDCCH and either SS Block or P/SP CSI-RS resource(s)
· FFS: necessity of DCI signalling
· FFS: Use of Aperiodic CSI-RS 
· FFS: RAN1 to study impact of delay (including determination of Rx beam) and reliability on the beam mgmt scenarios aiming to provide input to RAN2 with regard to higher layer protocols




2.2.2	On use of aperiodic CSI-RS
FFS for potentially use of aperiodic CSI-RS for QCL association between RS and DMRS of PDCCH is as follows:
· FFS: Use of Aperiodic CSI-RS 

Beam recovery and radio link monitoring procedures rely on measuring RSs associated to NR-PDCCH to be monitored. Thus, it’s logical that these RSs should be periodical as UE needs to continuously monitor link quality. As a result we don’t see a motivation to associate aperiodic CSI-RSs to DMRS of PDCCH in spatial QCL sense.

Proposal: Aperiodic CSI-RS is not associated to DMRS of PDCCH in spatial QCL manner. 

2.2.3	On necessity of DCI signalling
Related to necessity of DCI signalling to indicate QCL relation (at least w.r.t spatial RX parameters) between DMRS port(s) of UE-specific PDCCH and either SS Block or P/SP CSI-RS resource(s) our view is that RRC+MAC CE based signalling is enough. Rationale is that RRC+MAC CE based method provides more flexibility in terms of size of configuration size – NR-PDCCH DMRS may be associated with different type of DL RSs: SS blocks and periodic CSI-RS, for instance. 

Proposal: RRC only or RRC+ MAC CE signaling is used to indicate QCL relation (at least w.r.t spatial RX parameters) between DMRS port(s) of UE-specific PDCCH and either SS Block or P/SP CSI-RS resource(s) – no DCI based signalling.

2.2.4	On monitoring multiple NR-PDCCH with different RX beams
Given the agreements from RAN1#AH:

	Agreements: (RAN1#AH Spokane)
· NR-PDCCH transmission supports robustness against beam pair link blocking
· UE can be configured to monitor NR-PDCCH on M beam pair links simultaneously, where
· M≥1. Maximum value of M may depend at least on UE capability.
· FFS: UE may choose at least one beam out of M for NR-PDCCH reception
· UE can be configured to monitor NR-PDCCH on different beam pair link(s) in different NR-PDCCH OFDM symbols
· FFS: NR-PDCCH on one beam pair link is monitored with shorter duty cycle than other beam pair link(s). 
· FFS: time granularity of configuration, e.g. slot level configuration, symbol level configuration
· FFS: Note that this configuration applies to scenario where UE may not have multiple RF chains
· FFS: The definition of monitoring NR-PDCCH on beam pair link(s).
· Parameters related to UE Rx beam setting for monitoring NR-PDCCH on multiple beam pair links are configured by higher layer signaling or MAC CE and/or considered in the search space design
· FFS: Required parameters
· FFS: Need to support both higher layer signaling and MAC CE




When UE is configured to monitor multiple NR-PDCCH requiring UE to apply different RX beams, the UE is configured with a time domain pattern indicating when NR-PDCCH may be transmitted using the certain TX beam. For instance UE may be configured to have two TX beams for NR-PDCCH monitoring: one for primary TX beam and the other for secondary TX beam. One example is described Figure 1.
[image: ]
[bookmark: _Ref492504175]Figure 1 Monitoring of multiple NR-PDCCHs where each requires different RX beam at UE.
When connection via “primary beam” works properly and there is active data transmission on-going, semi-static time domain pattern may introduce some negative impact on spectral efficiency as can be seen from the figure where some time domain resources are used to monitor “secondary beam”. Thus, it’s considered that there could be some mechanism at least temporarily to ignore the configured monitoring pattern e.g. in case there is active and successful data transmission via “primary beam”. Such mechanism could be an indication field DCI that could indicate to the UE that monitoring of secondary beam can be ignored for N slots. Alternatively or additionally, the mechanism could include some HARQ ACK/NACK feedback from UE in order to verify the indication and to confirm that connection via “primary beam” is working properly.  
[bookmark: _Hlk492469853]Proposal: Specify mechanism to temporarily ignore configured NR-PDCCH monitoring pattern in case of multiple NR-PDCCH beams to monitor requiring different RX beams at UE:
· FFS: Indication in DCI to ignore semi-static monitoring pattern for N slots where N is FFS. In this case UE would assume the same TX beam for PDCCH as used to transmit DCI
· FFS: In addition, mechanism may include HARQ ACK/NACK feedback from UE in order to verify the indication


3	Conclusion
This contribution discussed about beam indication for NR-PDCCH and NR-PDSCH. Based on discussion the following proposals and observations were made:

Proposal: 3-bit indicator field in DCI which provides a reference to a one or two DL RSs which are spatially QCL’d with one or two PDSCH DMRS port groups.

Proposal: DL RS corresponding to selected SS block as a result of contention based RACH procedure is implicitly determined by the UE to correspond to the first indicator state in the indicator table.

Proposal: DL RS (SS block or CSI-RS) corresponding to the selected beam recovery resource, if such resource configured to UE, is implicitly determined by the UE to correspond to the first indicator state in the indicator table.
Proposal: Support separate indicators for QCL association indication between RS and DMRS of NR-PDCCH and between RS and DMRS of NR-PDSCH.
Observation: PDCCH DCI is expected to include separate fields for indicating e.g. PDSCH duration and starting position. Spatial QCL indicator state doesn’t need to include parameters for PDSCH to RE mapping purpose.
Proposal: Aperiodic CSI-RS is not associated to DMRS of PDCCH in spatial QCL manner. 

Proposal: RRC only or RRC+ MAC CE signaling is used to indicate QCL relation (at least w.r.t spatial RX parameters) between DMRS port(s) of UE-specific PDCCH and either SS Block or P/SP CSI-RS resource(s) – no DCI based signalling.

Proposal: Specify mechanism to temporarily ignore configured NR-PDCCH monitoring pattern in case of multiple NR-PDCCH beams to monitor requiring different RX beams at UE:
· FFS: Indication in DCI to ignore semi-static monitoring pattern for N slots where N is FFS. In this case UE would assume the same TX beam for PDCCH as used to transmit DCI
· FFS: In addition, mechanism may include HARQ ACK/NACK feedback from UE in order to verify the indication
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