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1. Introduction

At the RAN1#87 meeting, the mechanisms to provide robustness against beam pair link blocking and beam recovery. It was agreed to continue to study such mechanism which would be initiated or triggered by network as follows.
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

In this document, we describe our views on detailed mechanism to offer robustness against beam pair link blocking focusing on the NR-PDCCH and NR-PDSCH. Our companion document [1] also discusses beam recovery including both NW-initiated and UE-initiated approaches.
2. Robustness for Control Channel
For multiple beam operations at TRP, TRP Tx/Rx beams are created using a number of transmit antennas in order to compensate large path-loss especially for higher carrier frequency. In general, beam-width becomes narrower as the number of antenna elements increases. Also, the number of beams that can be created becomes larger. These complicate the multiple beam operations for higher carrier frequency since it would be challenging to 1) find appropriate beam quickly, 2) offer robustness against mobility, Doppler frequency, interruptions by obstacle (i.e., beam pair link blocking) and 3) recover the beam quickly if it is lost. This document focuses on 2) how to offer robustness against the above factors. 

In order to ensure robustness against beam pair link blocking, it would be beneficial to monitor or transmit the same DL channel/signal using different beams. For example, if the best TRP Tx beam index is not available at TRP or the TRP Tx beam index used is outdated or no longer best for the UE, multiple beams would be used to get the DL channel signals received successfully. Especially, such a robust transmission is needed for the control channel where stricter requirement is needed. If common search space or UE-group search space are to be defined, robust transmissions become rather necessary since the UE-specific TRP Tx beam index will not be available. How to use multiple beams are still open issues as captured in the agreements in Sect. 1. There are several approaches to achieve the robust transmissions for the DL control channel.
· Approach 1: Transmit diversity and/or cycling beam-forming
· Transmit diversity such as SFBC and cycling which is adopted for distributed transmission of EPDCCH can be considered. Especially, transmit diversity and/or cycling beam-forming becomes a candidate for common control channels.
· Approach 2: Search space design considering multiple beams
· For NR, multi-beam operations should be taken into account when designing NR-PDCCH. More specifically, search spaces can be designed taking into account multi-beam operations. It would be desired that different beams can be applied to different NR-PDCCH candidates in the search space to be monitored by a UE. If only one NR-PDCCH candidate is defined in a control channel unit (CCU), different beams can be applied to different NR-PDCCH candidates as shown in Fig. 1(a). Assuming that each CCU can be de-modulated using a given DM-RS, what needs to be specified is the corresponding DM-RS port for the NR-PDCCH. On the other hand, as shown in Fig. 1(b), different NR-PDCCH candidates associated with different beams for multiple UEs can be created in the same control channel unit, that is, MU-MIMO for the NR-PDCCH. In this case, UE may need to know which DM-RS ports to use for demodulation. When multiple beam indices for a UE are available at the TRP, those DM-RS ports will be configured by higher layer signaling. In both Figs. 1(a) and 1(b), the DCI will be transmitted using one of the beams or using multiple beams. 
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Figure 1 – Monitoring multiple NR-PDCCH candidates in the search space.

Both approaches are considered for NR and transmit diversity and/or cycling beam-forming are to be supported for the NR-PDCCH. Based on the above discussion, we propose the followings.

· Proposal 1: Robust transmission scheme, i.e., transmit diversity (.e.g., SFBC) and/or cycling beam-forming, should be supported for NR-PDCCH. 
· Proposal 2: Monitoring multiple NR-PDCCH candidates associated with multiple TRP Tx beams should be supported.
· Consider using different DM-RS ports associated with different TRP Tx beams
· Search space may span multiple symbols
· Proposal 3: Multiple TRP Tx beams can be applied to different PRBs or control channel units carrying the same DCI
· DCI transmission may also span multiple symbols
3. Robustness for Data Channel

As is the case with control channel, mobility or interruptions by obstacle is also issue for the data channel. If only one TRP Tx beam index is applied and the beam is not appropriate for the UE, the throughput performance is degraded. One of the solutions is using multiple beams for the data channel. Beam diversity gain is expected and the throughput performance is improved even if TRP does not know the best TRP Tx beam index. Especially, for TRP-specific or UE-group specific transmission such as SIB, RAR, and message 4, a robust data transmission such as transmit diversity and/or cycling beam-forming would be beneficial. Fig. 2 shows an example of the cycling beam-forming for the PDSCH. Different TRP Tx beam index is applied to different symbol within one PDSCH. N is the number of applied beams. The same TRP Tx beam index is applied every N symbols.
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Figure 2 – cycling beam-forming for PDSCH.

In order to investigate the gains of the cycling beam-forming, we show the block error rate (BLER) performance of the PDSCH with N as a parameter in Fig. 3. For comparison, we also plot the BLER performance for the random beam-forming. The number of TxRUs is 2 and the number of antenna elements per TxRU is 32. For the cycling beam-forming, N beams are randomly selected within 32 beams and different Tx beam is used for different TxRUs. For the random beam-forming, one beam selected randomly is applied to all symbols. We also assume ideal channel estimation. Table I. in the Annex gives detailed simulation conditions. We observe from Fig. 3 that the performances of cycling beam-forming are superior to that for the random beam-forming since beam diversity gains are obtained. The performance is improved as N increases. However, the performance gap between cycling beam-forming with N = 4 and that with N =8 is not so large. To apply N beams, N DM-RS antenna ports are needed. According to simulation result, cycling beam-forming using 4 DM-RS ports seems good candidate considering the trade-off between beam diversity gain and DM-RS overhead. Further evaluation under the realistic channel estimation is needed.
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Figure 3 – BLER performance of cycling beam-forming and random beam-forming for PDSCH with the number of applied beams as a parameter.

· Proposal 4: Transmission scheme with cycling beam-forming should be supported for NR-PDSCH.
· Number of DM-RS antenna ports to use is selected from {2, 4}
4. Conclusion
In this contribution, we presented the multiple beam operations to ensure robustness for control channel and data channel. Below we summarize our proposals. 
· Proposal 1: Robust transmission scheme, i.e., transmit diversity (.e.g., SFBC) and/or cycling beam-forming, should be supported for NR-PDCCH. 
· Proposal 2: Monitoring multiple NR-PDCCH candidates associated with multiple TRP Tx beams should be supported.
· Consider using different DM-RS ports associated with different TRP Tx beams
· Search space may span multiple symbols
· Proposal 3: Multiple TRP Tx beams can be applied to different PRBs or control channel units carrying the same DCI
· DCI transmission may also span multiple symbols
· Proposal 4: Transmission scheme with cycling beam-forming should be supported for NR-PDSCH.

· Number of DM-RS antenna ports to use is selected from {2, 4}
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Annex

Table I – Simulation Conditions

[image: image4.png]Parameters Value
Carrier Freq. 30 GHz
Subcarrier spacing 60 kHz
System bandwidth 40 MHz
Num. of RBs 50
Num. of OFDM symbols 14
Number of TXRUs TRP =2, UE=2

TRP antenna configuration

(M,N,P,Mg,Ng) = (4,8,2,1,1); (dV,dH) = (0.5, 0.5)A with
directional antenna element (HPBW=65°, directivity 8dB)

UE antenna configuration

(M, N, P, Mg, Ng) =(2,4,2,1,1) ; (dV,dH) = (0.5, 0.5)A, with
directional antenna element (HPBW=900, directivity 5dB)

Number of layers

1

RS configuration

No reference signal

Num. of rank

1

MCs #5 (QPSK, coding rate = 0.281)
Channel coding scheme LTE turbo coding
CFI 1

Channel model

CDL-C, delay spread values = 100 ns

Channel est. Ideal channel estimation
UE speed 3 km/h
Phase noise No phase noise
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