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1. Introduction
Several agreements on QCL signalling have been made in the past few meetings. QCL indication is performed via a mixture of RRC, MAC-CE and DCI. Though PDSCH QCL indication is performed via DCI, PDCCH QCL indication can be performed by only MAC-CE. In this contribution we show the benefits of DCI based QCL indication for PDCCH and provide text proposal to enable this indication. We also provide some minor edits to QCL parameters specification to reflect the latest RAN1 agreements.  
2. TCI Based Control Beam Switch
In RAN1 #91, the following agreements were made:
	[bookmark: _Hlk499566078]Agreement:
For the number of TCI states and mapping to DCI bits, N is 3 bits. 
[bookmark: _Hlk499566118]Note: The number of TCI states supported by a UE depends on its capability

Agreement:
The state Is-TCI-Present is configured on a per-CORESET basis
For beam management with beam indication, on all CORESETs configured with Is-TCI-Present=false, the TCI state used for PDCCH is reused for PDSCH reception

Agreement:
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

Agreement:
When the scheduling offset is <=k, the PDSCH uses QCL assumption that is based on a default TCI state (e.g. the first state of the 2^N states used for PDSCH QCL indication)

Agreement:
· 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



2.1. Benefits of DCI Based Beam Switch
RRC and MAC-CE based signalling of QCL indication for NR-PDCCH suffers from increased latency, taking into account NR-PDSCH re-transmission when operating at a low SNR condition.  Multiple factors determine the frequency of control beam switch.  Some example factors include user speed, gNB and UE beam widths, signal blockage, etc.  For robustness to varied deployment scenarios and use cases, fast beam switching is preferable.  DCI based indication of spatial QCL indication between DL RS antenna ports(s), (for example CSI-RS ports/SS Ports) and NR-PDCCH DMRS ports can improve latency significantly compared to RRC/MAC-CE based signalling.  
[bookmark: _Toc485453219]Observation 1: 	In high-speed scenarios, it may be necessary to signal QCL assumption between NR-PDCCH and DL RS antenna port(s) for NR PDCCH beam switch, with very low latency.
Below DCI and MAC CE based PDCCH beam switch are compared in terms of robustness/reliability and latency.
2.1.1. Robustness
MAC-CE based beam switch signalling is confirmed by the ACK of the PDSCH used to carry the MAC-CE. For DCI based indication, there also exists reliable confirmation as listed below.
· Dedicated DCI containing only beam switch signal: ACK alone to indicate beam switch signal reception 
· DCI grant containing beam switch signal and DL allocation: ACK/NACK transmission for PDSCH.  gNB can infer reception of beam switch signal from the reception of PDSCH ACK/NACK.
· DCI grant containing beam switch signal and UL allocation: PUSCH transmission. gNB can infer reception of beam switch signal from the UL PUSCH transmission.
Observation 2: DCI based beam switch with ACK/NACK based confirmation provides similar robustness as MAC CE based indication. 
2.1.2. Latency
For PDCCH beam switch operation, the signalling latency is the time duration between the time of corresponding DL signal transmission and the earliest slot when actual beam switch can safely take place at gNB. To calculate signalling latency, the following delays associated with receiving DL transmission and sending UL signal need to be considered:  
· K0: Delay in slots between DL grant and corresponding DL data (PDSCH) reception,
· K1: Delay in slots between DL data (PDSCH) reception and corresponding ACK transmission on UL,
· K2: Delay in slots between UL grant reception in DL and UL data (PUSCH) transmission, or between a dedicated DCI and corresponding ACK.
· K3: Delay in slots between A/N reception in UL and corresponding retransmission of data (PDSCH) on DL.
· KL2: Processing time to interpret the MAC payload and configure the lower layers based on interpreted payload
The PDCCH and PDSCH processing at UE should be performed within . For MAC CE there will be an additional processing time of  slots required for interpreting the MAC payload and configuring the lower layer based on the interpreted payload. This delay depends on UE implementation and could be 4 to 12 slots. 

A schematic of beam switching operation using MAC-CE vs DCI is shown in the figure below. 
Figure 2‑1 Timeline of DCI and MAC CE based Beam Switching
The latency for DCI-Based beam switch is   if the DCI carries grant or   if the DCI does not carry DL/UL grant, where a 1 slot delay for switching the beam after sending the ACK is assumed. The latency for MAC CE based indication is  if the first transmission is successful or  if a retransmission is required. For simplicity, we have assumed that PDCCH+PDSCH CRC requires (K0+K1) slots. 
Noting that data channel has higher target BLER as compared to PDCCH and ACK. We compare the average latency below. For MAC-CE, the average delay taking into account retransmission and ignoring multiple retransmissions is  * + (1-*. Similarly, for DCI based operation, the average latency is approximated by ignoring multiple retransmissions and assuming TargetBLER =1%. 
Table 1: Latency Comparison of MAC CE vs DCI
	
	(K0+K1, K3, KL2, PDSCH Target Bler)
	Average Latency  for  MAC CE in slots
	Average Latency for DCI Based in slots (% Improvement w.r.t MAC -CE)
*Note K3=2
	Average Latency for Dedicated DCI in slots (% Improvement w.r.t MAC -CE)
*Note K2 = 1, K3 =2 

	Case 1: Nominal Operation with 10% Target BlER
	(4,4,8,10%)
	12.8
	5.07(60%)
	2.04(84%)

	Case 2: Lower L1 Processing Delay
	(2,2,8,10%)
	10.4
	3.05(71%)
	2.04(80%)

	Case 3: Scheduling constraint due to Analog BF (larger K3)
	(4,12,8,10%)
	13.6
	5.07(63%)
	2.04(85%)

	Case 4: Self-Contained Operation
	(1,1,4,10)
	5.2
	2.04(61%)
	2.04(60%)


[bookmark: _Toc485453288]The above table indicates that latency improvement can be quite significant using DCI based switch compared to MAC CE based indication. With subcarrier spacing of 60 kHz, MAC-CE based signaling can have a latency more than 2 ms if a retransmission is required, which could be problematic in high-speed scenarios.   Based on the above discussions we see a strong need to support DCI Based PDCCH in NR. 
To minimize specification impact the existing TCI based framework can be reused for PDCCH beam switch with no change to DCI format. DCI based signaling can complement MAC-CE based switching for high mobility scenarios and for applications that require low latency.
2.2. TCI based dynamic beam switch support for Control 
PDSCH beam switch is performed dynamically via DCI indication of beam switch. It has been already agreed and specified that TCI state for PDSCH can be dynamically indicated in DCI. The processing time at the UE to decode the grant and switch the beam should be taken into consideration. To account for this processing time, a threshold will be configured Threshold-Sched-Offset, and only when the offset (the time between the DL grant and DL data) is larger than the threshold, the PDSCH will be received using the new beam. As per agreement, in general  TCI states can be configured in RRC. Also, as per agreement in last meeting, the M TCI states can be reused for control, and MAC-CE can be utilized to indicate the TCI state for the Control Channel QCL.
A missing piece is DCI based beam switch for control.  A minor tweak in the existing TCI framework can be used to enable DCI based beam switch as shown in example below.
Table 2: Example TCI State Configuration
	TCI State
	TCI State
	RSs

	Associated with Data Beam Switch 
	000
	SSB 3 

	
	001
	SSB 8

	
	010
	CSI-RS 10

	
	011
	CSI-RS 20

	Associated with Control + data beam Switch
	100
	SSB 3 

	
	101
	SSB 8

	
	110
	SSB 14

	
	111
	SSB 18



A parameter in RRC ControlBeamSwitch-inDCI can be specified, and if enabled will associate the TCI states with Data beam switch if MSB of indicated TCI state is 0, whereas will associate with joint Control and data beam switch when the MSB of the indicated TCI state is 1. A threshold Threshold-Control-Offset can be specified (or configured) for Control switch such that the UE will switch its control beam Threshold-Control-Offset slots after the transmission of the PDSCH ACK/NACK for the received DL grant. An example is shown below


If the ACK/NACK was missed, then the gNB may choose to retransmit the DCI again. Based on the above discussion we have the following text proposal.
Proposal 1: 	The following TP is proposed to support DCI Based NR-PDCCH beam switch in subclause 5.1.5 in TS 38.214 v2.0.0. 
--------------------------------------------------------- Beginning of change -------------------------------------------------------------
If the TCI-PresentinDCI is set as 'Enabled', the UE shall use the TCI-States according to the value of the 'Transmission Configuration Indication' field in the detected PDCCH with DCI for determining PDSCH antenna port quasi co-location. The UE may assume that the antenna ports of one DM-RS port group of PDSCH of a serving cell are quasi co-located with the RS(s) in the RS set with respect to the QCL type parameter(s) given by the indicated TCI state if the offset between the reception of the DL DCI and the corresponding PDSCH is equal to or greater than a threshold Threshold-Sched-Offset, where the threshold is FFS. For both the case when TCI-PresentInDCI = 'Enabled' and TCI-PresentInDCI = 'Disabled' If the offset is less than a threshold, the UE may assume that the antenna ports of one DM-RS port group of PDSCH of a serving cell are quasi co-located based on the TCI state used for PDCCH quasi-colocation indication of the lowest CORESET-ID in the latest slot in which one or more CORESETs are configured for the UE. 
If the TCI-PresentinDCI is set as ‘Enabled’ and ControlBeamSwitch-inDCI is also set as ‘Enabled’, and UE receives a DL DCI scrambled with a C-RNTI, in the monitored CORESET wherein the MSB of the indicated TCI state is ‘1’, the UE after a Threshold-Control-Offset from the transmission of an UL ACK/NACK for the received DCI, may assume that the antenna ports of the PDCCH DM-RS of the CORESET will be quasi-collocated with the RS set corresponding to the indicated TCI state.     
--------------------------------------------------------- End of change --------------------------------------------------------------------
 
Proposal 2: 	The following fields are proposed to be added to the ControlResourceSet IE in TS 38.331 v2.0.0 to enable DCI based NR-PDCCH Beam Switch. 
--------------------------------------------------------- Beginning of change -------------------------------------------------------------
ControlBeamSwitch-InDCI						ENUMERATED {enabled} OPTIONAL,
Threshold-Control-Offset						ENUMERATED {FFS values} OPTIONAL,

--------------------------------------------------------- End of change --------------------------------------------------------------------

3. Minor Corrections
3.1. QCL between SSB and Broadcast DMRS
The following agreement was not captured accurately in the specification and we provide the following text proposal in this regard.
	Agreements:
· Support QCL between SSB and other broadcast signaling w.r.t. all parameters, i.e., spatial QCL, average channel gain, Doppler shift, Doppler spread, average channel delay, and channel delay spread.
· The broadcast signaling corresponds to the DMRS of NR-PDCCH transmitted in the CORESET for RMSI and the DMRS of NR-PDSCH for RMSI/broadcast OSI, the DMRS of NR-PDCCH transmitting Paging DCIs and the DMRS of NR-PDSCH transmitting Paging Messages, the DMRS of PDCCH and the DMRS of PDSCH conveying Msg2, the DMRS of PDCCH conveying Msg3 grant, the DMRS of PDCCH and if applicable the DMRS of PDSCH conveying Msg4.



Proposal 3: 	The following TP correction is proposed for subclause 10.1 in TS 38.213 v2.0.0. 
--------------------------------------------------------- Beginning of change -------------------------------------------------------------
A UE may assume that the DM-RS antenna port associated with PDCCH reception in the Type0A-PDCCH common search space and the DM-RS antenna port associated with SS/PBCH reception are quasi co-located with respect to, average channel gain, delay spread, Doppler spread, Doppler shift, average delay, and spatial Rx parameters
--------------------------------------------------------- End of change --------------------------------------------------------------------
And in addition the following TP correction is proposed for subclause 5.1 in TS 38.214 v2.0.0 
--------------------------------------------------------- Beginning of change -------------------------------------------------------------
When receiving PDSCH for RMSI or broadcasted Other System Info the UE may assume that the DM-RS port of PDSCH is quasi co-located with the associated SS/PBCH block with respect to [spatial RX parameters] average channel gain, delay spread, Doppler spread, Doppler shift, average delay, and spatial Rx parameters.
When receiving PDSCH for Random Access Response the UE may assume that the DM-RS port of PDSCH is quasi co-located with the SS/PBCH block the UE selected for RACH association and transmission, as defined in Subclause [TBD] of [6, TS 38.213], with respect to [spatial RX parameters] average channel gain, delay spread, Doppler spread, Doppler shift, average delay, and spatial Rx parameters.
--------------------------------------------------------- End of change --------------------------------------------------------------------
4. Conclusions
The contribution provides our design on QCL Indication for DCI based control beam switch, and some minor corrections for QCL parameters in the specification. The following observations and proposals have been made:
Observation 1: 	In high-speed scenarios, it may be necessary to signal QCL assumption between NR-PDCCH and DL RS antenna port(s) for NR PDCCH beam switch, with very low latency.
Observation 2: DCI based beam switch with ACK/NACK based confirmation provides similar robustness as MAC CE based indication. 
Proposal 1: 	The following TP is proposed to support DCI Based NR-PDCCH beam switch in subclause 5.1.5 in TS 38.214 v15.0.0. 
--------------------------------------------------------- Beginning of change -------------------------------------------------------------
If the TCI-PresentinDCI is set as 'Enabled', the UE shall use the TCI-States according to the value of the 'Transmission Configuration Indication' field in the detected PDCCH with DCI for determining PDSCH antenna port quasi co-location. The UE may assume that the antenna ports of one DM-RS port group of PDSCH of a serving cell are quasi co-located with the RS(s) in the RS set with respect to the QCL type parameter(s) given by the indicated TCI state if the offset between the reception of the DL DCI and the corresponding PDSCH is equal to or greater than a threshold Threshold-Sched-Offset, where the threshold is FFS. For both the case when TCI-PresentInDCI = 'Enabled' and TCI-PresentInDCI = 'Disabled' If the offset is less than a threshold, the UE may assume that the antenna ports of one DM-RS port group of PDSCH of a serving cell are quasi co-located based on the TCI state used for PDCCH quasi-colocation indication of the lowest CORESET-ID in the latest slot in which one or more CORESETs are configured for the UE. 
If the TCI-PresentinDCI is set as ‘Enabled’ and ControlBeamSwitch-inDCI is also set as ‘Enabled’, and UE receives a DL DCI scrambled with a C-RNTI, in the monitored CORESET wherein the MSB of the indicated TCI state is ‘1’, the UE after a Threshold-Control-Offset from the transmission of an UL ACK/NACK for the received DCI, may assume that the antenna ports of the PDCCH DM-RS of the CORESET will be quasi-collocated with the RS set corresponding to the indicated TCI state.     
--------------------------------------------------------- End of change --------------------------------------------------------------------
 
Proposal 2: 	The following fields are proposed to be added to the ControlResourceSet IE in TS 38.331 v2.0.0 to enable DCI based NR-PDCCH Beam Switch. 
--------------------------------------------------------- Beginning of change -------------------------------------------------------------
ControlBeamSwitch-InDCI						ENUMERATED {enabled} OPTIONAL,
Threshold-Control-Offset						ENUMERATED {FFS values} OPTIONAL,

--------------------------------------------------------- End of change --------------------------------------------------------------------

Proposal 3: 	The following TP correction is proposed for subclause 10.1 in TS 38.213 v2.0.0, 
--------------------------------------------------------- Beginning of change -------------------------------------------------------------
A UE may assume that the DM-RS antenna port associated with PDCCH reception in the Type0A-PDCCH common search space and the DM-RS antenna port associated with SS/PBCH reception are quasi co-located with respect to, average channel gain, delay spread, Doppler spread, Doppler shift, average delay, and spatial Rx parameters
--------------------------------------------------------- End of change --------------------------------------------------------------------
and in addition the following TP correction is proposed for subclause 5.1 in TS 38.214 v15.0.0 
--------------------------------------------------------- Beginning of change -------------------------------------------------------------
When receiving PDSCH for RMSI or broadcasted Other System Info the UE may assume that the DM-RS port of PDSCH is quasi co-located with the associated SS/PBCH block with respect to [spatial RX parameters] average channel gain, delay spread, Doppler spread, Doppler shift, average delay, and spatial Rx parameters.
[bookmark: _GoBack]When receiving PDSCH for Random Access Response the UE may assume that the DM-RS port of PDSCH is quasi co-located with the SS/PBCH block the UE selected for RACH association and transmission, as defined in Subclause [TBD] of [6, TS 38.213], with respect to [spatial RX parameters] average channel gain, delay spread, Doppler spread, Doppler shift, average delay, and spatial Rx parameters.
--------------------------------------------------------- End of change --------------------------------------------------------------------
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