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1 Introduction
For robust transmission against link blocking in NR, it was agreed in the RAN1#87 meeting that, 
· E.g., by enabling PDCCH/PDSCH monitoring with N beams

· E.g., N=1, 2, … (with discussion on Separate or joint encoding for PDSCH; Single DCI or multiple DCI for control)

· E.g., TDM monitoring, simultaneous monitoring, etc.

· E.g., by enabling composite beams via e.g., SFBC and/or multi-stage control channel 
Agreements for NR control channel:

· The time/freq. resource containing at least one search space is obtained from MIB/system information/implicitly derived from initial access information
· Time/freq. resource containing additional search spaces, can be configured using dedicated RRC signaling

In this contribution, we discuss the means to provide robustness against beam pair link blocking. 
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. In addition, with the increasing of antenna number especially for high frequency case, beam width used for data transmission may become narrower. Therefore, it is necessary to study robust transmission schemes to overcome the blockage effect at high frequency bands. 
Proposal 1:  Robust transmission for DL control and data channel should be supported in NR.

2.2 Beam diversity for data channel 
With the increasing of antenna number especially for high frequency case, beam width used for data 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.    

As discussed in beam management procedure [2], beam group based transmission is beneficial to overcome the frequent link failure of narrower beam’s transmission. A beam group is comprised of N (N>=1) beams. Similar channel characteristic for multiple beams within one group can be assumed. In order to overcome blockage, multiple repeated data with same content can be transmitted based on PMIs in one PMI group. When one beam within this PMI group is blocked, the data with other beams in this group can be used as a backup. In addition, if the channel condition rapidly deteriorates, the combination of multiple repeated data/transmissions can also be considered to improve the received quality of signal.
To achieve this beam group based data transmission, eNB can configure a PMI group size (i.e. the number of PMIs in one PMI group) to UE. After acquiring the configuration of beam group, beam group based information including group index or optimal beam index in this group is reported to gNB. In LTE, the minimum report granularity of precoding information is a PMI which corresponds to one beam. While for NR, the minimum report granularity of precoding information is one PMI group which corresponds to N (N>=1) beam(s) as shown in figure 1.

Compared with SFBC scheme, this configurable PMI group size can achieve dynamic tradeoff between reliability and spectrum efficiency. The reliability can be acquired by diversity in time domain (i.e. beam group size is more than one) and spectrum efficiency can be acquired by closed loop transmission (i.e. beam group size is one). 
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Figure 1.  An illustration of beam grouping

Proposal 2: Repeated transmission with multiple beams for data channel should be considered in NR. 
Proposal 3: The number of beams used for repeated transmission can be configurable by gNB. 
2.3 Beam diversity for control channel 
Similar with robust transmission for data channel, reliability enhancement for downlink control channel is also necessary. In order to exploit the diversity for control channel, at least the following alternatives can be considered in NR. 

· Beam diversity in search space domain 

· Beam diversity in transmission scheme domain 

At last 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 2 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  2.  Beam diversity between two search spaces in NR
Proposal 4: Beam diversity utilizing different search spaces should be supported in NR. 
As discussed in our companion contribution [3], 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 high frequency case, reliability requirement becomes more significant. In order to overcome the blockage issue especially for high frequency, transmission diversity scheme which can enable N beams’ control channel transmission/detection needs to be supported. Take for an example, a multi-beam based transmission diversity, double SFBC scheme can be considered. Different from traditional SFBC with only one codeword, a new SFBC with more than one repeated codeword can be assumed.  Each one of two repeated codewords is transmitted with SFBC in different beam. As shown in figure 3, two layers within codeword 1 are encoded and transmitted with SFBC in beam 1. And two layers within repeated codeword 2 are encoded and transmitted with SFBC in beam2. Similar with beam diversity between different search spaces, same control information is assumed between the two repeated codewords. When the blockage occurs in codeword 1, the backup information in repeated codeword 2 can be used.  
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Figure  3. An illustration of beam diversity with double SFBC
Proposal 5: Beam diversity with multiple beam based SFBC should be supported for downlink control channel in NR. 

In LTE, one UE can be always instantly scheduled with transmit diversity or single port transmission with more robustness from semi-static configured transmission mode (TM). This operation is regarded as the fall back operation for PDSCH to solve short-term link quality degradation and/or TM reconfiguration. Similarly, different aggregation level for PDCCH/EPDCCH also can be regarded as one fall back operation. On considering the beam blockage for downlink control channel of NR, two possible blockage cases are UE-specific digital narrow beam and UE-specific analog narrow beam due to the UE’s movement and/or rotation. One straightforward scheme to decrease the blockage probability is to use wider beam transmission as one fall back operation for narrow beam transmission. Fortunately, one hyper cell inherently has this capability. 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 multiple beam (“wide” beam) can be used to transmit UE-group or common signaling with more robustness. Then, once blockage or link quality degradation was detected for UE-specific narrow beam, the resource with group-specific or common “wide”beam can be used as fall back operation and the specific example is shown in figure 4.
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Figure 4 Beamforming fall back operation
Proposal 6: Multiple beamforming capabilities should be supported for downlink control channel in NR for robustness.  
3 Conclusion
In this contribution, robustness against beam pair link blocking is discussed. Based on these discussions, we have the following observation and proposals:
Proposal 1:  Robust transmission for DL control and data channel should be supported in NR.

Proposal 2: Repeated transmission with multiple beams for data channel should be considered in NR. 
Proposal 3: The number of beams used for repeated transmission can be configurable by gNB. 

Proposal 4: Beam diversity utilizing different search spaces should be supported in NR.

Proposal 5: Beam diversity with multiple beam based SFBC should be supported for downlink control channel in NR. 

Proposal 6: Multiple beamforming capabilities should be supported for downlink control channel in NR for robustness.  
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