	
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]3GPP TSG RAN WG1#88	R1-1702936
Athens, Greece 13th - 17th Feb 2017

[bookmark: Source]Agenda item:	8.1.2.2.1
Source: 	Samsung
Title: 	Control signalling for control beam management
[bookmark: DocumentFor]Document for:	Discussion and Decision
Introduction
In our companion tdoc [5], we present our views on the beam management procedure for PDCCH with the following observations and proposals.  
Observation 1: The beam management procedure for UE-common PDCCH should not require active management by the network based on UE feedback. 
Proposal 1: The RS used for beam measurement by the UE for beam management of the UE-common PDCCH (to determine the best Rx beam) is based on a cell-specific RS.
Observation 2: The beam management procedure for UE-specific PDCCH requires active management by the network based on UE feedback. 
Observation 3: The control signalling to support such beam procedure would need to be transmitted on a relatively more stable or robust beam.
Proposal 2: The RS used for beam measurement and reporting by the UE for beam management of the UE-specific PDCCH is at least based on a cell-specific RS. The need to support UE-specific RS is FFS.
In this contribution, we present our views on the control signalling mechanisms to support our proposed beam management procedure for PDCCH.
Control signalling for control beam management
We focus our discussion on the control signalling for beam management of UE-specific PDCCH. In general, there are three options for the control signalling for control beam management, and their pros and cons are summarized below:
Option 1: RRC signalling
· Advantages: 
· More reliable signalling (error probability ~10-6) compared to MAC CE signalling (error probability ~10-3) and DCI signalling (error probability ~10-2). 
· RRC signalling is ACK/NACK-ed by the UE
· Disadvantages: 
· Longer signalling latency (up to 15ms based on LTE, although it can be shorter typically) compared to MAC CE signalling (~6ms based on LTE numerology) and DCI signalling (~a few OFDM symbols). 
· Signalling overhead is larger compared to the DCI signalling approach since PDSCH is needed. PDCCH scheduling the RRC message needs larger size than that for the PDCCH for DCI signalling.
Option 2: MAC CE signalling
· Advantages: 
· More reliable than DCI signalling. 
· Signalling is ACK/NACK-ed by the UE. 
· Signalling latency is slightly lower compared to RRC signalling. 
· Disadvantages: 
· Signalling latency is larger than DCI signalling
· Signalling overhead is larger compared to the DCI signalling approach since PDSCH is needed. PDCCH scheduling the MAC CE needs larger size than that for the PDCCH for DCI signalling.
Option 3: DCI signalling
· Advantages: 
· Lower signalling latency compared to RRC and MAC CE signalling. 
· Signalling overhead is smaller since PDSCH is not needed. 
· Disadvantages: 
· Less reliable compared to RRC and MAC CE signalling. 
· Signalling is not ACK/NACK-ed by the UE. 
It should be noted that a PDCCH would be needed for all three options above, i.e. to schedule the RRC signalling, the MAC CE signalling or deliver the DCI directly. The PDCCH can be transmitted on the same beam used for UE-common PDCCH, or the current beam used for UE-specific PDCCH (before switching).
As mentioned in [5], the beams used for UE-specific PDCCH should still be relatively more robust and stable than the beams used for PDSCH. Any beam management procedure operating on beams used for control channel should also be reliable. MAC CE signalling seems to be provide a good balance between reliability and latency. The MAC CE signalling latency for NR would be shorter considering the larger subcarrier spacing for >6 GHz.
Observation: MAC CE signalling can provide good reliable and reasonable latency.
Proposal: MAC CE signalling is used for beam indication procedure for PDCCH.
Conclusions
This contribution discussed the beam indication mechanisms for beams used for PDCCH, with the following observation and proposal.
[bookmark: _GoBack]Observation: MAC CE signalling can provide good reliable and reasonable latency.
Proposal: MAC CE signalling is used for beam indication procedure for PDCCH.
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Appendix
At RAN1#86bis [2], RAN1 #87 [3] and RAN1# NR ad hoc [4], the following agreements on beam management for control channel were achieved, respectively:
	RAN1#86bis Agreements:
· Support using same or different beams on control channel and the corresponding data channel transmissions
· FFS the antenna ports for control channel and the corresponding data channel (e.g., sharing some ports or not)
· Study detailed aspects related to beams/beam pairs indication/reporting involving usage of control and data channels and involving one or more TRPs



	RAN1#87 Agreements:
· NR supports with and without a downlink indication to derive QCL assumption for assisting UE-side beamforming for downlink control channel reception
· FFS: details
· E.g., QCL assumption details
· E.g., indication signaling (e.g. DCI, MAC CE, RRC, etc.)
· E.g., beam-related indication for DL control and data channels



RAN1 NR#1 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

· For reception of DL control channel, support indication of spatial QCL assumption between an DL RS antenna port(s), and DL RS antenna port(s) for demodulation of DL control channel 
· FFS: signaling method 
· Note: Indication may not be needed for some cases:

