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1. Introduction
At last RAN1 NR AH meeting, different transmit diversity schemes for the DL control channel have been identified [1].

•
Transmit diversity scheme for DL control channel is supported.

–
FFS; SFBC or precoder-cycling, etc

•
Other schemes are not precluded

–
FFS number of antenna ports (1 or 2)

And at RAN1#88 meeting [2], the evaluation assumption guidelines for down selection of TxD scheme for DL control channel have been agreed. The candidate schemes including SFBC and precoder-cycling [3] [4] and other schemes are not precluded. 

In this contribution, we discuss a hybrid transmit diversity scheme based on SFBC and precoder-cycling and its feasibility to utilize multi-antenna system of NR.
2. Discussion
2.1 Transmit Diversity
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Figure 1. SFBC and Precoder-cycling at Transmitter

In the previous discussion of NR-PDCCH transmit diversity scheme, the typical port/ antenna configuration of SFBC is 2 ports & 2Tx/ 2Rx and precoder-cycling related configuration is 1 port & 2Tx/ 2Rx. Since NR generally adopts massive antenna system which introduce extra antenna gain and beamforming gain to compete the severe path loss at the higher frequency, one of the common design of NR antenna system is 128 dual polarized antenna element connecting to 64T64R. It is possible to both utilize SFBC and precoder-cycling schemes in this multi-antenna scenario. As shown in Fig. 1, 2 ports and 8Tx solution for transmit diversity scheme is given.
At the transmitter, the control data flow at first is mapped to 2 ports according to SFBC operation and then transmitted on different antennas based on precoder-cycling. In the precoder-cycling, the non-adjacent REGs in frequency domain have different precoding matrix which are cyclic. In the precoder-cycling procedure, the reference signals are DM-RS which UE can use for demodulation. Thus, it is not necessary for the UE to get prior information about the precoder-cycling codebook and the precoder-cycling operation is transparent for UE.

When SFBC scheme is adopted, 2Tx is constant and the extension to more antennas will further need FSTD scheme. The transmit diversity scheme of using both SFBC and precoder-cycling can not only retain the advantage of SFBC in 2Tx scenario but also get the flexibility of precoder-cycling in multi-antenna scenario. And the space diversity gain could be achieved. 
Proposal 1: A hybrid transmit diversity scheme based SFBC and precoder-cycling could be considered for NR-PDCCH especially for massive antenna system.

2.2 Antenna Grouping

In this section, the antenna grouping method for precoder-cycling operation in the example solution (Fig. 1) is further discussed.

[image: image2.emf]Case 1

Case 2


    Figure 2. Dual-Polarization Antenna Grouping for 2 Ports
Fig. 2 shows two common cases of antenna grouping for dual-polarization antenna system. 

For both case 1 and case 2, 1 port corresponds to 4 dual-pol antennas. Considering practical dual-pol antenna system and related connections to TXRU, case 2 is more feasible than case 1. The control data of one port is transmitted on one direction of polarization, and the other port is corresponding to the other direction. And it should be noted in this example, the antenna gain of same polarization is not considered. The relation of antenna elements to one TXRU could be further investigated considering both beam directivity and target coverage. 
It should be further discussed the suitable TX number corresponding to 2 ports NR-PDCCH and the possible antenna grouping method.

Proposal 2: Antenna grouping method is also important for evaluate the transmit diversity scheme of NR-PDCCH.

3. Conclusion

In this contribution, we discuss some considerations on the transmit diversity scheme of NR-PDCCH. The following proposals can be summarized: 
Proposal 1: A hybrid transmit diversity scheme based SFBC and precoder-cycling could be considered for NR-PDCCH especially for massive antenna system.

Proposal 2: Antenna grouping method is also important for evaluate the transmit diversity scheme of NR-PDCCH.

4. References
[1] 3GPP, Chairman's Notes, RAN1 NR Ad-Hoc, January 16- 20, 2017.
[2] 3GPP, Chairman's Notes, RAN1 #88, February 13- 17, 2017.
[3] R1-1702473, Discussion on transmission schemes for NR-PDCCH, LG Electronics.
[4] R1-1702721, Transmit Diversity Scheme for NR-PDCCH, MediaTek Inc.

DATA
RS AP0
RS AP1
Empty
Port 1
Port 2
SFBC

Precoder
cycling
Antenna 1
Antenna 2
Antenna 3
Antenna 4
Antenna 5
Antenna 6
Antenna 7
Antenna 8



Case 1
Case 2



