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[bookmark: _GoBack]Introduction
In RAN1#86bis, the following agreement was made:
Agreements:
· NR supports mechanism(s) in the case of link failure and/or blockage for NR
· Whether to use new procedure is FFS
· Study at least the following aspects:
· Whether or not an DL or UL signal transmission for this mechanism is needed
· E.g., RACH preamble sequence, DL/UL reference signal, control channel, etc.
· If needed, resource allocation for this mechanisms
· E.g., RACH resource corresponding mechanism, etc.


In this contribution, we discuss the need of multiple beam pair links and how to handle beam pair link failures.
[bookmark: _Ref178064866]Discussion
[image: ]Narrow beam transmission and reception schemes will be needed at higher frequencies to compensate the high propagation loss. For a given communication link, a beam can be applied at both the TRP and the UE, which will be referred to as a beam pair link (BPL) in this contribution. The task of the beam management procedure is to discover and maintain beam pair links.Figure 1 The UE measures beamformed CSI-RS from two TRPs and two beam pair links (BPL) can be identified

In the example of Figure 1, two BPLs have been discovered and are being maintained by the network. Note that even in the case of a single TRP, multiple BPLs are still possible, considering reflections etc. A BPL is discovered and monitored by the network using measurements, either uplink measurements using uplink sounding or downlink measurements using the reference signals used for beam management, i.e., CSI-RS. 
 Due to the high penetration loss through objects and poor diffraction around object edges at high frequencies a BPL will be sensitive to blocking. Blocking can occur either slowly/gradually or very suddenly depending on the UE speed and the motion of objects in the environment. The narrower the beams, the more chance there is for sudden blocking to occur. To establish more robust communication in a multi-beam system, multiple BPLs can be used between a TRP (or multiple TRPs) and a UE. There can be one or more active BPL(s) used for ongoing transmission and reception of data and control signals, and one or more monitored BPL(s) used for backup purposes.
We therefore believe that it is useful to monitor multiple BPLs in parallel for a given UE:
· Robustness is achieved since a BPL may suddenly be blocked and control and data transmission can quickly be carried over to the alternative BPL
· Distributed MIMO transmissions can be supported by using SU-MIMO transmissions to the UE from multiple TRPs at the same time
· In LOS conditions, the rank per BPL is limited to two (dual polarizations) while distributed MIMO allows for higher rank transmissions. 
In the case one or multiple BPL is used simultaneously for a UE, and in case of multiple BPLs it is useful to introduce some priority, e.g. for PDCCH search space monitoring purpose. Hence, we introduce the notion of active and monitored BPL where the UE monitors the PDCCH assuming at least the active BPL while the monitored BPLs are maintained to serve as a backup or to discover new BPLs. Hence, measurements are scheduled for each BPL separately for beam refinement or beam discovery, where discovery is more targeted the monitored link.  
The TRP can switch active BPL to a monitored BPL by signaling a BPL switch command to the UE. In case the TRP notice a slow blocking of a BPL the TRP can signal a BPL switch command, through the active BPL, to the UE such that the monitored BPL becomes the new active BPL. However, in case the blocking is too sudden the TRP will not have time to signal a BLP switch command to the UE and the link used for control and data signals between TRP and UE will be lost.  When such blocking occurs, we refer to the event as a “beam pair link failure” or BPLF. There is a need for NR to handle BPLF in a quick and efficient way to maintain high and reliable performance for the users.
[bookmark: _Toc466016523]Using multiple beam-pair links can improve the robustness in beam-based systems
[bookmark: _Toc465934478][bookmark: _Toc465888816][bookmark: _Toc465888886][bookmark: _Toc466016525]An active beam pair link is supported for which the UE is monitoring PDCCH
[bookmark: _Toc465934479][bookmark: _Toc466016526]One or more monitored beam-pair links is supported to improve the robustness and to discover new links
[bookmark: _Toc466016524]There is a need to handle BPL failure in a quick and efficient way to maintain high and reliable performance for the users.
One way to mitigate BPLF is for the UE to receive the DL control signaling (PDCCH) over both the active and monitored BPLs but with a larger duty cycle for the monitored BPL compared to the active BPL. For example, the control signaling can be scheduled every slot on the active link and scheduled every Nth  slot on the monitored link. In this way, in case the active BPL is blocked and the UE cannot decode the control signaling, the UE can receive control signaling transmitted on the monitored link. 
[bookmark: _Toc465934480][bookmark: _Toc465888817][bookmark: _Toc465888887][bookmark: _Toc465934481][bookmark: _Toc466016527]Study PDCCH reception on monitored BPLs as a mean for increase robustness against BPL blocking.

The control signaling on the monitored link can contain a BPL switch command, to change the used BPL as being active.
The handling of active and monitored BPLs, as well as discovering new BPLs, should be controlled by the network as much as possible. However, in some cases when a BPLF has occurred it might be difficult for the network to re-establish the connection, i.e. find a new suitable BPL between the TRP and the UE. If the BPLF last too long it will cause a radio link failure (RLF), which introduce extra latency and overhead signaling.

Conclusions
[bookmark: _In-sequence_SDU_delivery]In this contribution we made the following observations:
Observation 1	Using multiple beam-pair links can improve the robustness in beam-based systems
Observation 2	There is a need to handle BPL failure in a quick and efficient way to maintain high and reliable performance for the users.

Based on the discussion in this contribution we propose the following:
Proposal 1	An active beam pair link is supported for which the UE is monitoring PDCCH
Proposal 2	One or more monitored beam-pair links is supported to improve the robustness and to discover new links
Proposal 3	Study PDCCH reception on monitored BPLs as a mean for increase robustness against BPL blocking.


	1/3	
image1.jpg
TRPA

N
N

N _BPLH#L
N

N
R

UE|

BPLH2
-
"

s
-

TRPB





