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1	Introduction
An objective of the 5G study item [1] is to identify and develop technology components needed for new radio (NR) systems being able to use any spectrum band ranging at least up to 100 GHz. The goal is to achieve a single technical framework addressing all usage scenarios, requirements and deployment scenarios defined in TR38.913 [2].
In this contribution we consider beam management and network initiated beam switch to provide robustness against link blocking. In RAN1#87 the following agreement was made [3]:
	Agreements:
· NR to provide robustness against beam pair link blocking
· Study mechanisms to achieve the above purpose
· E.g., by enabling PDCCH/PDSCH monitoring with N beams
· E.g., N=1, 2, …
· E.g., TDM monitoring, simultaneous monitoring, etc.
· E.g., by enabling composite beams via e.g., SFBC and/or multi-stage control channel
· The examples are not intended to be exhaustive



2	Discussion
As captured in agreements from the RAN1#87, robustness against beam blocking can be provided by having multiple PDCCH candidate beams (which are not sharing the same AoD and AoA parameter pairs in QCL wise) and forming a composite PDCCH beam again from multiple candidate beams which are not sharing the same AoD and AoA parameters. The candidate PDCCH beams refer to the gNB DL beams that the UE has detected and measured to be strong beams, reported those results to the gNB and gNB has configured the beams to a candidate beam set for the UE using which the PDCCH can be transmitted.
To evaluate which solution is better than the other, there may be different assumptions and aspects that influence on the result like used beamwidths at both gNB and UE, number of simultaneous beams e.g. at the UE and whether the cell is having multiple non co-located TRPs or not. On the other hand, use of multi-stage control channel comprising common PDCCH as a first stage and UE specific as the second stage is not considered very practical when using analog or hybrid transceiver architecture because common signaling would require beam sweeping operation introducing potentially significant system overhead. Thus, we don’t see multi-stage control channel practical option in multi-beam DL configuration and do not consider it as an option in subsequent discussion which assumes multi-beam system configuration.
Observation: Multi-stage PDCCH comprising common and UE specific stages, where common requires beam sweeping, is not seen attractive when the gNB operates using analog or hybrid transceiver architecture.
2.1	Composite Beam
Composite beam transmission refers to the simultaneous transmission of multiple beams which may be received by the UE in a transparent way. However, such a definition is facing a few hurdles when the UE is performing Rx beamforming as well. When beam blockage happens in case of narrow beams at both ends, it is likely that both transmitter and receiver should change the beam in order to find a path without suffering from blockage. As an example, let’s assume that a UE is having a capability to form one beam at a time (e.g. one x-pol beam) and that a 3dB beamwidth is more narrow than omni-directional beam. It’s further assumed a multi-TRP scenario (TRP#A and TRP#B) where TRPs are non co-located, see Figure 1 below. 
The UE is being served via a serving beam from TRP #A to which its RX beam aligned with when a blockage happens. It’s assumed that blockage is wider in angular domain than angular spreads between TRP #A and UE. That means that UE is not able to receive any transmission from the gNB unless the UE changes its RX beam and align e.g. with a strong beam from TRP #B. Thus, it’s argued that pure composite beam transmission e.g. from multiple TRPs may not provide any robustness if the UE side beam is not aligned with blockage free transmitting gNB beam. This can be solved by configuring UE with the gNB beams that are used to form a composite beam and UE may re-align its RX beam from one candidate beam to another when the UE detects that the candidate beam towards which its RX beam is aligned has degraded. Here the candidate beams are strong beams that the UE is not able receive simultaneously but with different RX beams that UE has to multiplex in time domain. To enable tracking of candidate beam qualities, there should be a possibility for continuous tracking and measuring of gNB beams. 
As described, the composite beam based transmission may provide robustness against blockages but with the cost of waste of expensive downlink beam resources as illustrated in Figure 1. And especially in case the UE is not able to receive from multiple directions simultaneously, the transmission form TRP #B may not provide any positive contribution upon TRP #A transmission when UE’s RX beam is aligned with TRP #A transmitting beam. 


[bookmark: _Ref469487137]Figure 1 PDCCH using composite beam (transmitting beams from different TRPs of the cell).
Observation: Use of composite beam from multiple gNB beams can provide robustness against blockages but with the cost of consuming expensive hardware/beam resources. 
To be able to inform gNB about the loss of one serving beam, the UE should also be provided UL PUCCH or PUSCH resources in similar manner, i.e. via different UL RX beams to which the UE may align its TX beam. Upon reception of the report the gNB may update the current serving beam set to the UE for PDCCH reception. 
2.2	Multiple PDCCH Monitoring Beams 
In addition to composite beam approach, another approach would be to have multiple candidate/serving beams for PDCCH transmission. Given the limited number of simultaneous RX beams at UE there is a need to exist a time domain pattern for the PDCCH beams so that the UE is able to know what would be the transmitting beam for PDCCH at certain slot. One way to implement that is to consider so called primary and secondary beams. Primary beam is a beam used  primarily for PDCCH transmission and secondary beam(s) act as backup beam(s) that gNB may configure more seldom mainly targeting at recovering the PDCCH connection if primary beam has degraded e.g. due to blockage. Similarly to the case with a composite beam approach, the UE should be provided UL PUCCH or PUSCH resources correspondingly, i.e. via secondary UL RX beams to which the UE is able to align its TX beam. These uplink control information resources may be semi-statically allocated within the same primary/secondary beam configuration. Upon reception of the report the gNB may update the current serving beam set to the UE for PDCCH reception.


Figure 2 Using primary and secondary PDCCH beams for PDCCH transmission.

Using multiple PDCCH monitoring beams may not consume that much additional beam/hardware resources as in composite beam case but may be subject to longer delay in recovering from the beam blockage in cases the secondary beam’s occurrence is lower than primary beam’s occurrence. One may of course configure multiple PDCCH transmission in the same time, but such operation ends up having the same requirements and system resources consumption as composite beam transmission.
Observation: Using multiple TDM PDCCH monitoring beams require defining and configuring association between time slots PDCCH may be transmitted and gNB beams.
Observation: Using multiple TDM PDCCH monitoring beams may not consume beam/hardware hardware resources in similar manner to composite beam case but may introduce longer delay in recovering from beam blockage.
A summary of the pros and cons for the two types of PDCCH configurations is presented in below table.

Table 1: Pros/cons for various ways of PDCCH transmission
	Composite beam
	· Multiple beam utilization in multiple TRPs
· Possible to receive the composite beam only with simultaneous RX beamformers active.
+  Single DCI monitoring

	Multiple beam
	· Multiple beam utilization in multiple TRPs
· Multiple DCI monitoring (if simultaneous PDCCH beams are transmitted)
· Slow in beam recovery (if TDM between PDCCH beams)
+  Possible to receive one beam/DCI at a time.



A common signaling and configuration mechanism can be defined for both usage of composite beam or multiple PDCCH monitoring beams for DCI monitoring: time domain pattern which indicates the UE the reference DL beams from which the PDCCH may be transmitted at certain time slot. Composite beam case may be implemented by having the same pattern for two or more DL beams whereas the multiple monitoring beam can be implemented by having different patterns for two or more DL beams as illustrated in Figure 3. It’s further considered that both options may be beneficial options and also that given the common signaling and configuration framework it is up to network implementation which one to use. 

[image: ]
[bookmark: _Ref471282581]Figure 3 Configuration examples for composite beam and multiple PDCCH beams for DCI monitoring. 
Proposal: Define a common signaling and configuration framework to enable use of both composite beam and multiple PDCCH monitoring beams for DCI monitoring in a serving cell. 
2.3	On CSS/USS usage for DCI monitoring 
In both composite beam and multiple beam usage, the UE is assumed to be in Connected mode and having a valid C-RNTI. Thus, it is considered that PDCCH transmissions in both cases should be transmitted in USS for the UE.
Observation: PDCCH in both composite beam and multiple PDCCH beam usage can be transmitted using USS for the UE.
When the UE determines the link failure it may trigger beam recovery procedure. As a baseline solution, normal RACH procedure could be used and it’s expected that the PDCCH for Msg2 (RAR) using CSS and Msg4 (Contention Resolution) would be transmitted using USS. It’s considered to be up to gNB implementation whether use one or composite beam for downlink transmissions in the RACH procedure.
3	Conclusions 
In this contribution we discussed about options for improving robustness against link blockages, and especially from PDCCH reception point of view. The following observation and proposals were made:
Observation: Multi-stage PDCCH comprising common and UE specific stages, where common requires beam sweeping, is not seen attractive when the gNB operates using analog or hybrid transceiver architecture.
Observation: Use of composite beam from multiple gNB beams can provide robustness against blockages but with the cost of consuming expensive hardware/beam resources.
Observation: Using multiple PDCCH monitoring beams require defining and configuring association between time slots PDCCH may be transmitted and gNB beams.
Observation: Using multiple PDCCH monitoring beams may not consume beam/hardware hardware resources in similar manner to composite beam case but may introduce longer delay in recovering from beam blockage.
Observation: PDCCH transmission in both composite beam and multiple PDCCH beam usage can be transmitted using USS for the UE.
Proposal: Define a common signaling and configuration framework to enable use of both composite beam and multiple PDCCH monitoring beams for DCI monitoring in a serving cell. 
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