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1. Introduction
In previous meeting, agreements for transmission schemes were made as follows;
	Agreements:
· NR supports at least following functionalities
· At least for eMBB, in one OFDM symbol, multiple CCEs cannot be transmitted on the same PRB except for spatial multiplexing to different UEs (MU-MIMO)

Agreements:
· 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)

· A UE assumes fixed number of RS REs per REG for control channel rate matching when the REG contains RS REs

· FFS;  if the fixed number is configurable


In this contribution, we discuss transmission scheme for NR-PDCCH including transmit diversity scheme and multi-layer transmission.
2. Discussions 
2.1. Transmission scheme for the control channel
In current LTE, single-port transmission scheme was adopted for transmissions of EPDCCH, and it is still attractive transmission scheme for the NR control channel transmission as it can acquire beamforming gain with low RS overhead. On the other hand, this scheme requires reasonably accurate channel knowledge at the eNB for deciding suitable beamforming vector for the receiving UE. If the channel knowledge is inaccurate, then a relatively large resource (e.g. higher control channel element (CCE) aggregation level) may be needed to satisfy demodulation requirement of control channel, or other scheme which is robust in such circumstances is necessary. When accurate channel knowledge is not guaranteed at eNB side, single-port transmission scheme is not suitable to support reliable and efficient control channel transmission. In order to support robust transmission even with inaccurate channel information, transmit diversity scheme such as SFBC should be needed.
As mentioned above, single-port transmission scheme is beneficial when the channel information is reasonably accurate, while transmit diversity scheme is robust with inaccurate channel information. Therefore, both two schemes should be considered as control channel transmission schemes for NR system. For USS where UE/PDCCH-dedicated RS is used with possibly accurate CSI, we consider that single port beamforming and localized resource mapping should be supported. If the channel information is inaccurate, transmit diversity scheme with distributed resource mapping can be used for USS. For CSS where shared RS is used and control channel is targeted for a group of UEs, transmit diversity scheme with distributed resource mapping would be necessary. The resource mapping (e.g., localized/distributed) is discussed in our companion contribution [1].
Proposal 1: Support both 1-port beamforming scheme and 2-port transmit diversity scheme (e.g., SFBC) for reliable and efficient DL control channel transmission in NR. 
Proposal 2: For USS, 1-port UE-dedicated beamforming scheme and 2-port transmit diversity scheme are supported. For CSS, 2-port transmit diversity scheme is supported.
Table 1. Simulation Parameters

	Parameters
	Values

	Carrier Frequency
	6GHz

	System Bandwidth
	10MHz

	Subcarrier spacing
	15kHz

	Channel coding
	Turbo code

	Code rate
	1/2 for AL1 candidates

	Channel type
	TDL-C

	RMS delay spread
	30ns, 100ns, 300ns

	Modulation order
	QPSK

	CCE Aggregation level
	AL 1, 2, 4, 8

	Number of Antenna port
	2 APs for SFBC,1 AP for precoder cycling

	Channel estimation
	MMSE

	Resource mapping
	Distributed REG-to-CCE mapping

	Transmission scheme
	SFBC and precoder cycling

	Number of control channel symbol 
	1 OFDM symbol


For transmit diversity scheme, we compare SFBC based on 2 ports and precoder cycling based on 1 port where precoding can change per PRB. (Figure 1 shows RS pattern for each scheme.) Figure 2 represents the FER performances of SFBC and precoder cycling according to the SNR. The channel model is TDL-C with the RMS delay spread 30ns, 100ns and 300ns. MMSE CE is adopted and channel is estimated in every PRB. In other words, the bundling size is 1 PRB. For the channel coding, turbo code is used and the code rate is matched with 1/2 for AL1 candidate. AL 1, 2, 4 and 8 cases which have 1, 2, 4 and 8 CCEs, respectively, are simulated. It is assumed that 1 CCE has 4 REGs and 1 REG has 12 REs (including RS REs), and CCEs are allocated in the frequency domain in one OFDM symbol. Figure 2 (a), (b) and (c) shows the FER performances of two systems according to the RMS delay spread 30ns, 100ns and 300ns, respectively.
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Figure 1. RS mapping (a: SFBC (2 ports), b: Precoder cycling)
From the Figure 2, it is noticed that both performances of two systems improves according to the RMS delay spread and AL. In the AL 8, both systems have the best FER performances. Generally, the SFBC has better performance than that of precoder cycling. Especially in the AL 1, SFBC system offers higher gain compared to precoder cycling (about 2~3dB gain in the FER 10-2). However, the FER performances of precoder cycling becomes closer to the performances of SFBC when the higher AL is considered. In the AL 8, FERs of two schemes are almost same, but the SFBC has still better performance. 
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Figure 2. The performances of SFBC and precoder cycling schemes in different delay spreads
Proposal 3: SFBC could be supported as a transmit diversity scheme of NR-PDCCH.
In addition, SU-MIMO and/or MU-MIMO scheme need to be also considered. In case of SU-MIMO, the target would be limited to the UEs experiencing multi-rank channel, and moreover, it may require more processing time to decode control information at UE side. Also, when multiple layers are supported, it generally requires feedbacks to adapt number of layers, configuration per layers, etc., which would be challenging and may require additional overhead for control channel transmission. In this sense, our preference is to assume single layer transmission from a UE perspective for a control channel. Regarding MU-MIMO scheme, it can offer benefits of dynamic point switching, and also possibility to increase control channel capacity. The MU-MIMO operation can be performed by orthogonal RS ports or quasi-orthogonal RS sequences. 
Proposal 4: MU-MIMO is supported for NR-PDCCH.
Regarding the multiplexing scheme of RS ports, the FDM may be enough for single analog beam (e.g., below 6GHz case), but multiplexing schemes for RS ports should be carefully decided for multiple analog beam (e.g., above 6GHz case). In this case, channel estimation performance and beam selection flexibility for scheduling need to be considered for selecting RS ports multiplexing scheme. The orthogonal multiplexing scheme such as FDM, TDM and CDM of control channel RS ports can acquire good channel estimation performance without inter-layer interference, while it may increase RS overhead depending on the number of layers multiplexed in the same resources. On the other hand, the SDM of control channel RS ports can reduce the RS overhead or increase the number of layers with a given RS overhead, while channel estimation performance may be worse due to inter-layer interference. In addition, the SDM may have restriction on beam selection for scheduling related to each layer because gNB should select low-correlated beams for increasing channel estimation performance. Considering channel estimation performance and beam scheduling flexibility, 2 FDMed RS ports are preferable for NR-PDCCH. This 2 ports can provide MU-MIMO pairing between 2 UEs (receiving 1 port transmission) or 2 port transmits diversity scheme for a UE. 
Proposal 5: The 2 FDMed RS ports are used for DL control channel in NR.
3. Conclusion
In this contribution, we discuss some issues on transmission schemes for NR-PDCCH, and followings are proposed;
Proposal 1: Support both 1-port beamforming scheme and 2-port transmit diversity scheme (e.g., SFBC) for reliable and efficient DL control channel transmission in NR. 
Proposal 2: For USS, 1-port UE-dedicated beamforming scheme and 2-port transmit diversity scheme are supported. For CSS, 2-port transmit diversity scheme is supported.
Proposal 3: SFBC could be supported as a transmit diversity scheme of NR-PDCCH.

Proposal 4: MU-MIMO is supported for NR-PDCCH.
Proposal 5: The 2 FDMed RS ports are used for DL control channel in NR.
4. Reference

[1] R1-1702475, “Discussion on NR-PDCCH structure,” LG Electronics[image: image5.png]


[image: image6.png]



PAGE  
2

