3GPP TSG RAN WG1 NR Ad-Hoc Meeting		       	R1- 1700471
Spokane, USA 16th - 20th January 2017

Agenda Item:	5.1.2.2
Source: 	LG Electronics
Title: 	Discussion on providing robustness for beamformed systems
[bookmark: Source][bookmark: Title][bookmark: DocumentFor]Document for:	Discussion/Decision 
1. Introduction
[bookmark: _GoBack]Because of the increased pathloss at higher frequency bands, beamforming is an essential operation for transmission and reception of physical signals and channels to secure sufficient coverage for NR. Main problem of the beamformed systems is the vulnerability to UE mobility/rotation and beam blockage[1]. During RAN1#86bis and #87 meetings, there were discussions and agreements regarding NW/UE initiated/assisted mechanisms for beam recovery or beam change. Several agreements are captured as follows.
< RAN1#86bis meeting>
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., PRACH preamble sequence, DL/UL reference signal, control channel, etc.
· If needed, resource allocation for this mechanisms
· E.g., RACH resource corresponding mechanism, etc.
Agreements:
· Support at least network triggered aperiodic beam reporting:
· Aperiodic beam reporting is supported under P-1, P-2, and P-3 related operations
· FFS beam reporting details
· FFS: UE assisted/initiated aperiodic beam reporting
· FFS: In case of UE assisted/initiated aperiodic beam reporting, UE request message can be transmitted on a reserved/dedicated/common uplink channel (e.g. physical random access channel, physical uplink control channel).
· Further study is needed whether semi-persistent/periodic/event-triggered beam (network triggered or UE assisted/initiated) reporting is needed.

< RAN1#87 meeting>
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
Agreements:
· NR should study the necessity of event-driven UE initiated UL transmission, e.g., in the event of beam quality degradation 
· E.g. due to UE mobility/rotation, blockage, and/or link failure, etc.
· FFS: details of event(s) of beam quality degradation

2. Discussion on potential approaches
In the beamformed systems, UE mobility/rotation and beam blockage could impact on L1, L2, and L3 operations such as frequent HARQ retransmission in L1/L2 and link failure in L3. In RAN2 perspective, how to provide fast link recovery in NR can be an important topic in this regard. However, it will be the best approach to provide physical layer mechanisms to prevent link failure situations (i.e. link quality below certain threshold for a long time) as much as possible. From RAN1 perspective, following approaches can be considered for providing robustness to data/control channels.
Approach1: Multi-beam simultaneous/sequential transmission (e.g. beam cycling)
Approach2: Mechanisms to support fast switching of beam(s)
Approach1 provides more robustness but sacrifices beam gain or spectral efficiency as a compromise. It could be understood as a similar concept to (semi-)OL MIMO transmission in FDD digital beamforming systems from transmission scheme perspective. Especially for control channels (e.g. PDCCH, PUCCH), this approach would give a benefit by considering the huge impact of misdetecting DCI or UCI on the system performance. Multi-beam transmission could be applied all the time to a specific channel or could be applied adaptively. In other words, multi-beam transmission of control/data channels could be activated only when it is needed. If Tx/Rx beam pair is more likely to be stable, single beam transmission could be still more preferable. Since the link stability can be more easily detectable by UE, this approach could be more applicable to UL transmission. 
Proposal1: Support multi-beam simultaneous/sequential transmission for DL/UL control channel(s).
Approach2 provides means for immediate change of beam(s) or beam pair(s). Both network initiated and UE initiated methods can be considered. For network initiated methods, network can trigger or activate DL or UL RS transmission. UE could report beam information only when indicated/configured. Limitation of these methods is when UE does not transmit any signal or feedback information for a relatively long time. For example, periodic beam reporting and periodic CSI reporting can be configured to a UE for fast link adaptation. If the reporting period(s) is too short, original purpose can be met but it could consume too much DL/UL resource. Especially when we consider a large number of TRP beams, the frequent periodic beam management could cause a huge DL RS overhead. In addition, too frequent CSI reporting for UE could result in a huge UE battery consumption. If reporting period(s) is too long, beam could be lost when abrupt UE movement/rotation or beam blockage happens. This could cause too low RSRP/RSRQ and no detection of UL signal(s) or UCI so that RLF would happen, resulting in more than hundreds millisecond interruption. To avoid this situation, UE initiated methods should be considered to be supported in NR. In these methods, UL transmission is done when UE detects degradation of beam/link quality. Even though UE can recognize the beam degradation in advance of TRP, it may not be feasible to report this situation to network if UL container has not been assigned to the UE. UE might need additional beam measurements for better beam reporting so that following two mechanisms can be considered. 
Mechanism1. UL transmission for beam reporting request
Mechanism2. UL transmission for initiation of DL beam management procedure
In Mechanism1, UL signal is transmitted to acquire a UL container for beam information reporting when UE already has beam related measurement thanks to periodically transmitted/configured RS(e.g. MRS, CSI-RS). In Mechanism2, TRP transmits DL RSs for beam management to the UE upon reception of UL signal. UE could report beam information subsequently. In section 3, we discuss some details on UL signal for these mechanisms.
Proposal 2: Support at least one from Mechanism 1 and 2 for supporting fast switching of beam(s).

3. Discussion on UL signal for UE initiated mechanisms
When current TRP/UE beam(s) is invalid, UL signal may need to be transmitted on different TRP/UE beam pair. The use of alternative beam pair may require different UL timing synchronization due to switching to different TRP or different panel that is not perfectly calibrated within a TRP/UE. Another aspect we need to consider is that these mechanisms may require dedicated or reserved UL resource (e.g. SRS, PRACH). Accordingly, to design or select a UL signal for supporting fast beam switching, we should consider timing synchronization error and reserved/dedicated resource overhead.
SRS seems not suitable for above purpose because SRS estimation performance is sensitive to UL timing synchronization error. PRACH preamble seems to be a good choice which is designed to be robust to timing synchronization error. Furthermore, TRP reception of PRACH preamble would support TRP RX beam sweeping so that UE could choose UE Tx beam for PRACH preamble transmission more freely. In this regard, PRACH preamble would be suitable for UL signal for both Mechanism 1 and 2. 
Proposal 3: Consider PRACH preamble for UL signal for Mechanism 1 and 2.
Since the use of contention based PRACH preamble may incur collision, resulting in high latency, non-contention based PRACH preamble can also be considered. In this case, gNB can recognize UE request for beam reporting upon reception of the PRACH preamble, and can allocate PUSCH resource to the UE through DCI. On the other hand, for beam recovery using contention based PRACH preamble, PUSCH resource can be allocated through RACH response. As a result, non-contention based PRACH preamble provides faster beam recovery but requires PRACH preamble resources dedicated for the beam recovery purpose.
Proposal 4: Study both contention and non-contention based PRACH preamble based approaches.
4. Conclusion
In this contribution, we discussed how to provide robustness for beamformed systems. Proposals are captured as following:
Proposal1: Support multi-beam simultaneous/sequential transmission for DL/UL control channel(s).
Proposal 2: Support at least one from Mechanism 1 and 2 for supporting fast switching of beam(s).
· Mechanism1. UL transmission for beam reporting request
· Mechanism2. UL transmission for initiation of DL beam management procedure
Proposal 3: Consider PRACH preamble for UL signal for Mechanism 1 and 2.
Proposal 4: Study both contention and non-contention based PRACH preamble based approaches.
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