Page 1
TSG-RAN WG1 #88bis	R1-1705583
Spokane, USA

[bookmark: Source]Agenda item:	8.1.2.2.3
Source: 	Qualcomm Incorporated
Title: 	Control channel multi-beam operation
[bookmark: DocumentFor]Document for:	Discussion/Decision
Introduction
In RAN #87Adhoc [1], the following agreements were made

Agreements:
· 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

	
Discussion
A key aspect of mm wave communication is the use of beamforming. Beamforming provides significant SNR gain that helps to compensate for the huge path loss observed at high carrier frequencies. However, the beams obtained via beamforming are susceptible to blockage effects. Some examples are human blocking, movement of objects in the environment, etc.  This necessitates the need to develop systems that are robust to blocking. From a control channel perspective, strategies to improve NR-PDCCH robustness to blocking were discussed and some agreements were made in one of the recent meetings. A key idea is to monitor NR-PDCCH on multiple beam pair links (BPLs).  Below we further discuss some of our views on improving control channel robustness both from a multi-link NR-PDCCH perspective, and also multi-link NR-PUCCH perspective.  


Figure 1: An example scenario where UE receives control from multiple TXPs over Beam Pair Links
Our key motivation is to have a simple transmission framework that can provide very good robustness to beam pair blocking. Any additional features that we introduce for robustness should not unnecessarily increase additional resource utilization at gNB, or radically increase UE complexity. The additional robustness features that we introduce should not constrain peak data transmission, during nominal mode of operation when none of the beam pair links are blocked. Our proposed transmission framework comprises of the following steps, and is attempted at a tradeoff between peak data transmission, robustness and simplicity of design. 
Control Beams Determination 
gNB should first specify the PDCCH and PUCCH control beams that can be utilize for multi-link communication. Our proposed PDCCH/PUCCH beam determination is via QCL between the control beams and CSI-RS/SS ports. 
Proposal 1: PDCCH Beam Determination: NR shall support gNB configuration of UE to monitor PDCCH Beams that are QCL with one/or more SS/CSI-RS Port Sets
Proposal 2:  PUCCH Beam Determination: NR shall support gNB configuration of UE to transmit PUCCH using one or more beams derived from Rx Beams corresponding to SS/CSI-RS port sets or Tx Beams QCL with SRS port sets or also derived from PDCCH Rx Beam  
Configuring Beam Monitoring Patterns 
A key aspect for supporting robustness is to configure different PDCCH beam monitoring patterns, which can be dynamically changed via DCI/MAC CE. A PDCCH beam monitoring pattern is a function that maps a unit of time (symbol/slot) to a subset of PDCCH beams. We could also have a case where more than one PDCCH beam is monitored in the same symbol/slot. A PUCCH beam derivation rule is a mapping from the subset of monitored PDCCH beams to a subset of PUCCH beams. gNB may choose a beam monitoring pattern based on the strength of the different PDCCH/PUCCH beams. 
Proposal 3: Control Monitoring Configuration: NR shall support gNB configuring a set of PDCCH beam monitoring patterns across slots /symbols. gNB can additionally configure a set of PUCCH beam derivation rules for deriving PUCCH beam based on monitored PDCCH beam(s). Alternatively, gNB after accounting for UE Tx beam switching time capability, can directly indicate via DCI the PUCCH beam to use.
The control monitoring time granularity can be at slot level or symbol level. Better robustness can be achieved via symbol level monitoring granularity vs slot level monitoring granularity.
Proposal 4: Control Monitoring Granularity: PDCCH Monitoring time granularity of configuration, can be slot level or symbol level configuration based on UE capability.
UE Complexity and Capability Considerations
When PDCCH is monitored over multiple symbols within the same slot, this leads to increased number of blind decodes leading to increased UE complexity/ decoding latency. 
Proposal 5 : If PDCCH is monitored on multiple beams mapped to different control resource sets within the same slot, candidate restriction shall be applied across the resource sets over which NR-PDCCH is monitored to reduce blind decodes. 
Monitoring multi-beams simultaneously over the same frequency-time resource is a function of UE capability. Our proposal to indicate this capability can be as follows.
Proposal 6: UE Side Reception: UE can indicate capability to monitor multiple BPL simultaneously via feedback indicating ability to receive signals from one or more CSI-RS ports simultaneously using UE Rx beam set(s)/ Rx antenna group(s)
UE Side Transmission: UE can indicate capability to transmit PUCCH over multiple BPL simultaneously via feedback indicating ability to transmit signals simultaneously from two or more SRS port sets, or Tx beams derived from Rx beams corresponding to one or more CSI-RS port sets.
Dynamic switching of monitoring Patterns 
A key component of our transmission framework is the dynamic switching of PDCCH monitoring patterns. This can provide very good robustness to BPL blocking in a very short period of time. Consider the following example.
gNB configures two PDCCH Beams  and  that are transmitted over ports, that are QCL with CSI-RS ports  and , respectively. gNB also configures two PUCCH Tx beams  and , which are derived from the rx beams corresponding to the CSI-RS ports  and , respectively. In other words, the PUCCH Tx beams are derived from the PDCCH Rx beams.
gNB can configure a few PDCCH beam monitoring patterns, for example 
· ,   with periodicity (1,1) : B1 on Even slot and B2 on odd slot
· : ,   with periodicity (N,1) : B1 on first N slots, followed by B2, 
· : ,   with periodicity (1,N) : B2 on first N slots, followed by B2, 

gNB in this case configures a default rule for determining beam for PUCCH, as : use  Tx beam if PDCCH beam is .
For example, say the default monitoring pattern is  based on UE reports of SNR of the beams, etc. If suddenly there is a failure in the BPL corresponding to , the gNB can potentially identify this through few DTXs on this beam. gNB can quickly change the monitoring pattern to a new pattern for example  via DCI/MAC CE. In this manner the amount of time that data transmission is lost is minimized, by this dynamic switch of monitoring patterns.  
[bookmark: _GoBack]Proposal 7: Dynamic Switch of PDCCH Monitoring Pattern and PUCCH beam: In NR, gNB shall support dynamic signaling (MAC CE or DCI based), to indicate the new PDCCH beam monitoring pattern to monitor. If DCI based monitoring pattern switch, additional PDCCH confirmation via ACK/NACK shall be supported. gNB can also signal via DCI/MAC CE the new rule to use to derive PUCCH Beam, or explicitly indicate the PUCCH beam to use in DCI (after accounting for UE Tx beam switching time).
If suppose in our example if PDSCH beam is also blocked, then via DCI gNB can also indicate a new beam for PDSCH. cross slot scheduling or cross symbol scheduling can be employed to allow UE sufficient time to switch it’s Rx beam. In our view PDSCH should always use the best beam. Cycling of PDSCH beams (unlike control beams) across slots creates a significant penalty on throughput. PDSCH beam shall be switched only after identification that the current beam is blocked. As agreed in last meeting, DCI can be used to indicate beam switch for PDSCH. The time at which the indication of beam switch should be applied should allow sufficient time for UE to switch to the new beam.   
Proposal 8:  Cross slot PDSCH scheduling can be employed to allow UE sufficient time to switch its beam.
Continuing with our example if suppose the UE indicates capability to monitor two PDCCH beams simultaneously on the same time-freq resource every slot, the UE can indicate this capability to gNB. gNB can configure just one monitoring pattern, which is simultaneously monitoring both beams  and  in every slot. In this example, the PUCCH beam to be used for transmission is indicated via DCI. For this same example if one of the beams is blocked, the gNB does not have to indicate a beam monitoring pattern switch to UE. gNB can utilize a working beam to signal PDCCH and UE will be able to still receive PDSCH data without interruption. Hence there is a tradeoff between UE capability/complexity and additional DCI signaling. 
gNB/UE can initiate beam recovery for the non-working PDCCH/PUCCH beams. The beam failure identification can be done via measurements of SS/CSI-RS/SRS port sets.
Conclusions
The elements of control beam determination, configuration of PDCCH beam monitoring patterns, ability to dynamically switch PDCCH/PUCCH beam monitoring patterns, dynamically switch PDSCH beam, leads to a transmission scheme which is very robust to BPL blocking.
The following proposals have been made:
Proposal 1: PDCCH Beam Determination: NR shall support gNB configuration of UE to monitor PDCCH Beams that are QCL with one/or more SS/CSI-RS Port Sets
Proposal 2:  PUCCH Beam Determination: NR shall support gNB configuration of UE to transmit PUCCH using one or more beams derived from Rx Beams corresponding to SS/CSI-RS port sets or Tx Beams QCL with SRS port sets or also derived from PDCCH Rx Beam  
Proposal 3: Control Monitoring Configuration: NR shall support gNB configuring a set of PDCCH beam monitoring patterns across slots /symbols. gNB can additionally configure a set of PUCCH beam derivation rules for deriving PUCCH beam based on monitored PDCCH beam(s). Alternatively, gNB after accounting for UE Tx beam switching time capability, can directly indicate via DCI the PUCCH beam to use. 
Proposal 4: Control Monitoring Granularity: PDCCH Monitoring time granularity of configuration, can be slot level or symbol level configuration based on UE capability.
Proposal 5 : If PDCCH is monitored on multiple beams mapped to different control resource sets within the same slot, candidate restriction shall be applied across the resource sets over which NR-PDCCH is monitored to reduce blind decodes. 
Proposal 6: UE Side Reception: UE can indicate capability to monitor multiple BPL simultaneously via feedback indicating ability to receive signals from one or more CSI-RS ports simultaneously using UE Rx beam set(s)/ Rx antenna group(s)
UE Side Transmission: UE can indicate capability to transmit PUCCH over multiple BPL simultaneously via feedback indicating ability to transmit signals simultaneously from two or more SRS port sets, or Tx beams derived from Rx beams corresponding to one or more CSI-RS port sets.
Proposal 7: Dynamic Switch of PDCCH Monitoring Pattern and PUCCH beam: In NR, gNB shall support dynamic signaling (MAC CE or DCI based), to indicate the new PDCCH beam monitoring pattern to monitor. If DCI based monitoring pattern switch, additional PDCCH confirmation via ACK/NACK shall be supported. gNB can also signal via DCI/MAC CE the new rule to use to derive PUCCH Beam, or explicitly indicate the PUCCH beam to use in DCI (after accounting for UE Tx beam switching time).
Proposal 8:  Cross slot PDSCH scheduling can be employed to allow UE sufficient time to switch its beam.
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