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1 Introduction
For robust transmission against link blocking, it was agreed in the RAN1# NR AH and RAN1 88 meeting that [1], 
· 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

· Support transmission of DL signal for allowing the UE to monitor the beams for identifying new potential beams

· FFS: Transmission of a beam swept control channel is not precluded

· This mechanism(s) should consider tradeoff between performance and DL signaling overhead
       Agreements:

· Study further multi-beam based NR-PUCCH transmission for robustness against beam pair link blocking

· E.g., UE transmits NR-PUCCH on different UL Tx beams in different NR-PUCCH OFDM symbols

· FFS: multi-beam triggering condition/mechanism (e.g. event-triggered, network configured, etc.)

· FFS: number of OFDM symbols for each beam

In this contribution, we discuss the means to provide robustness against beam pair link blocking including downlink control channel and uplink control channel. 
2 Discussion 
2.1 New design aspects in NR 
In a higher frequency network of NR, due to the large path loss, channel/signal transmission heavily relies on highly directional links. In this case, multiple directional beams are required to cover the DL coverage area and perform initial access, which is called multi-beam based approach.

 An observation from the above 6GHz channel model study item is that the channel will be affected by the blockage, caused by moving or static objects. This blockage issue may greatly impact the channel quality of a radio link. Therefore, it is necessary to study robust transmission schemes to overcome the blockage effect at high frequency bands. 
Observation:  Requirement of robust transmission for DL&UL should be considered in NR.
2.2 Beam diversity for DL control channel 
With the increasing of antenna number especially for high frequency case, beam width used for DL transmission becomes narrower. This will induce more sensitive fluctuation in serving beam’s direction. Due to UE’s movement, high link failure probability may occur.    

In order to overcome blockage, monitoring of NR-PDCCH on M beam pair links simultaneously had been agreed. And to exploit the diversity for control channel with multiple beam pair links, at least the following alternatives can be considered in NR. 

· Beam diversity in search space domain 

· Beam diversity in transmission scheme domain 

At RAN1 87 meeting, at least one basic search space and extended search space had been agreed for NR control channel. Like PDCCH and EPDCCH in LTE, this basic search space and extended search space can both be used to carry downlink control information. It is possible that the same control information can be transmitted in both two search spaces.  

In order to overcome blockage in high frequency, at least for UE specific control information, beam diversity between the two search spaces can be considered in NR. The same control information, e.g. scheduling information for the same PDSCH as shown in figure 1 can be transmitted with different beams. When the control information with Beam 0 is blocked, the backup information with beam 1 can be got in extended search space. This beam diversity can be used for single level DCI structure or two level DCI structures. 
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Figure 1.  Beam diversity between two search spaces in NR
Proposal 1: Beam diversity utilizing different search spaces should be supported in NR. 

As discussed in our contribution [2], open loop transmission in NR is expected to better support reliable transmission in most cases. And for open loop diversity transmission, e.g. SFBC in LTE/LTE-A, which relies on two relatively independent beams/ports, thereby it can bring extra link robustness to downlink transmission.  

In order to overcome blockage issue especially for high frequency, robust transmission scheme with beam diversity needs to be supported for NR control channel. Take for an example, a multi-beam based open loop diversity transmission, scheme can be considered. Different from traditional open loop diversity, e.g. SFBC, in this new diversity scheme, multiple repeated control messages can be simultaneously transmitted with different beams.

In NR, more antenna ports, e.g. 32 ports can be supported to better achieve beamforming gain. While only 2 or 4 ports are needed for traditional diversity scheme, e.g. SFBC. Thereby it is possible to divide 32 ports (e.g. DMRS based) into multiple port groups and signals of each port group are encoded with SFBC in different beams. As shown in Figure 2, two layers within port group 1 are encoded and transmitted with SFBC in beam 1. And two layers within repeated port group 2 are encoded and transmitted with SFBC in beam 2. Similar with beam diversity between different search spaces, same control information is assumed between these port groups. When the blockage occurs in port group 1, backup information in port group 2 can be used. Thereby extra transmission robustness can be achieved by this extended diversity scheme.  
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Figure 2. An illustration of beam diversity with SFBC
Proposal 2: Beam diversity with multiple beam based diversity transmission should be supported for downlink control channel in NR. 
By transmitting control channel on multiple beams, the reliability of control channel transmission is greatly enhanced from the beam diversity. The initial choice of the multiple beams can be based on periodic CSI-RS in P-1 or aperiodic CSI-RS in P-2 in the beam management procedure. But after the beams are selected, fast beam refinement or new potential beam identification during the control channel transmissions should also be considered.

CSI-RS based beam refinement or beam identification is one option. But DMRS of control channel based mechanism should be considered to achieve a fast beam refinement. Since multiple beams have already be configured for control channel transmission to a UE, the UE can be indicated to measure the multiple DMRS resources associated with all these beams, in addition to decoding control channel on just one or several of these beams. According to the measurement on these DMRSs, UE can recommend the best M beams to gNB, so that gNB refine the beams in subsequent subframes to achieve a better beam diversity gain. Since the DMRS resources need to be transmitted along with control channel anyway, this DMRS based beam scheme can achieve a fast beam refinement.

Furthermore, in addition to measuring the DMRS associated with its own beams, UE can also be indicated to measure DMRS associated with other UEs’ beams. The related information of DMRS resources to be measured can be indicated to UE by DCI. If other UEs’ beams have better quality, e.g., RSRP, UE can recommend these better beams to gNB. Alternatively, UE recommends the best M beams selected from all the measured beams to gNB. With this scheme, gNB can identify new potential beams for control channel transmission. Since all the measured DMRS are already configured and transmitted along with control channels to this UE and other UEs, this DMRS based scheme can achieve fast new beam identification.

Therefore, we have the following proposal:
Proposal 3: Beam management based on DMRS of control channel should be supported in NR.
Both previous two beam diversity schemes can be regarded as multiple repetition transmission of one control message over multiple different beam pair links. Another possible solution is to transmit one control message with only one out of multiple beam pair links with different types. For example, different beam pair link types can be based on different transmission beam types including UE-specific Tx beam (i.e. narrow beam), UE group-specific Tx beam (i.e. mid-width beam) and cell-specific Tx beam (wide beam). Fortunately, one hyper cell inherently has the capability to allocate different Tx beam to different UEs (as shown in Figure 3). For example, even if only one TRP has one analog beam for a snapshot, resource specific beamforming operation always assure that different resource can be covered with different beams from multiple TRPs of one hyper cell. The resource covered with wide beam can be used to transmit UE-group or common signaling for the robustness. Moreover multiple beam pair links based on different Tx beams can be monitored simultaneously for one UE and the multiple monitoring resource associated to multiple beam pair links can be multiple search spaces. Then, once blockage or link quality degradation was detected for UE-specific narrow beam pair link, the group-specific or common “wide” beam pair link can be used for the robust NR-PDCCH transmission.
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Figure 3. Beamforming fall back operation
Proposal 4: Multiple beamforming capabilities should be supported for downlink control channel in NR for robustness.  

For robustness, a UE can be configured to monitor NR-PDCCH on multiple beam pair links. This operation requires additional indication for assisting UE to choose proper receiving beam(s). Such indication can be spatial QCL assumption between DM-RS port(s) of NR-PDDCH and other DL RS antenna port(s), representing different beams. In some cases, this QCL-based indication may suffer from large overhead. To reduce configuration overhead for UE to monitor multiple beams, instead of indicating QCL relationship, a possible solution is index the maintained beam pair links and indicates a set of such indices to UE. If it is used for beam switching, only one beam pair link index is indicated to UE. Otherwise multiple indices are signaled for monitoring multiple beam pair links. Alternatively, one can also apply bitmapping to the maintained beam pair links, with predefined ordering and mapping. When a UE is configured to switch to a new beam pair link, only one bit in this bitmap is set to one. When a UE is configured to monitor multiple beam pair links, more than one bit in this bitmap is set to one. The beam pair link indices and the bitmap discussed above can be carried by MAC-CE or the 2nd step of DCI with the first priority, which the latter can provide a better balance between overhead and latency. 
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Figure 4 Indication of beam pair link index
Proposal 5: To enable control channel transmission over multiple beam pairs, NR supports indication of indices and/or bitmapping of maintained beam pair links in MAC-CE or the 2nd step DCI if the two-stage DCI supported.
2.3 Beam diversity for UL control channel 
In addition to NR-PDCCH, the study of multi-beam based NR-PUCCH transmission for robustness had been agreed at last meeting. Multiple UL Tx beams can be located in one panel or multiple panels. And the multiple UL Tx beams can be swept across multiple NR-PUCCH symbols. 

Based on the measurement and monitor for uplink signal, e.g. SRS, gNB can trigger multiple beams’ PUCCH transmission. For example, when gNB finds that the link quality degrades below some threshold or near beam failure, it can trigger multiple beams’ PUCCH transmission.  

For short duration PUCCH or long duration PUCCH, the resource includes time, frequency and code domain can be configured to UE by RRC layer signaling and/or DCI signaling etc. And in order to support multiple beam based PUCCH transmission, the configuration of beam information including beam number should also be jointly considered in the PUCCH resource configuration.  For example, the extended PUCCH resource configuration can be listed as following: 

{Start slot#, slot number, Start symbol#, symbol number, frequency information, beam number etc.}
As shown in figure 5, a K beams’ short duration PUCCH transmission in time domain can be found. 

[image: image6.emf]Dynamic indication 

for short duration

Repeated K symbols for K beams 

Repeated K symbols for K beams 


Figure 5 An illustration of K beams’ short duration PUCCH 
In addition, when the repeated multi-beam PUCCH transmissions are across multiple slots, the determination of PUCCH resource for ACK/NCK should be carefully considered. May be more resource conflicts between repeated resource determination and new resource requirement will be brought. 
Proposal 6: The configuration of beam number related information should be introduced to derive multi-beam based PUCCH resource.  

Proposal 7: Event triggered multiple beam based PUCCH transmission should be considered in NR.  

3 Conclusion
In this contribution, robustness against beam pair link blocking is discussed. Based on these discussions, we have the following proposals:
Observation:  Requirement of robust transmission for DL&UL should be considered in NR.
Proposal 1: Beam diversity utilizing different search spaces should be supported in NR.

Proposal 2: Beam diversity with multiple beam based diversity transmission should be supported for downlink control channel in NR. 
Proposal 3: Beam management based on DMRS of control channel should be supported in NR.  
Proposal 4: Multiple beamforming capabilities should be supported for downlink control channel in NR for robustness.  

Proposal 5: To enable control channel transmission over multiple beam pairs, NR supports indication of indices and/or bitmapping of maintained beam pair links in MAC-CE or the 2nd step DCI if the two-stage DCI supported.
Proposal 6: The configuration of beam number related information should be introduced to derive multi-beam based PUCCH resource.  

Proposal 7: Event triggered multiple beam based PUCCH transmission should be considered in NR.
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