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Introduction
The agreements on transmission schemes for DL control channel in RAN1 Spokane ad-hoc meeting is as follows [1]:
	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 RAN1 #88 meeting, there were agreements on simulation assumptions for performance comparison of candidate transmit diversity schemes. In this contribution, we provide link-level evaluation results of TxD schemes for NR-PDCCH and make some observations based on the results. The following schemes are evaluated:
· Per-RE 2-port SFBC
· 1-port and 2-port precoder cycling

Discussion
In this section, we provide BLER results of TxD schemes at 4 GHz carrier frequency under RAN1 #88 agreements. In all simulations, 2x2 antenna configuration and low UE mobility is considered. Simulation parameters are described in Table 1 in Annex.

SFBC vs. 1/2-port precoder cycling
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             (a) 20 bits (4 REGs/CCE)                          (b) 60 bits (6 REGs/CCE)
Fig. 1. BLER comparison of TxD schemes in TDL-A 300ns, localized PRB
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(a) 20 bits (4 REGs/CCE)                          (b) 60 bits (6 REGs/CCE)
Fig. 2. BLER comparison of TxD schemes in TDL-B 300ns, localized PRB

Fig. 1 and 2 show BLER results in TDL-A/B 300ns for 20 and 60 bits payload sizes when the PDCCH is allocated on localized PRBs. For the CCE size, 4 and 6 REGs per CCE are assumed for 20 bits and 60 bits, respectively, in all simulations. In both TDL-A and TDL-B, it is observed that SFBC outperforms both 1-port and 2-port precoder cycling for all ALs. The performance gain of SFBC increases for low ALs due to lack of diversity gains in the precoder cycling schemes.
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(a) 20 bits (4 REGs/CCE)                          (b) 60 bits (6 REGs/CCE)
Fig. 3. BLER comparison of TxD schemes in TDL-B 300ns, distributed PRB

Fig. 3 shows the BLER results in TDL-B 300ns for 20 and 60 bits payload sizes when the PDCCH is allocated on distributed PRBs over 10 MHz bandwidth. The allocated PRB indices are [0:8:24], [0:4:28], [0:2:30], and [0:1:31] for AL=1, 2, 4, and 8, respectively. The same tendency is observed in this figure, i.e., SFBC outperforms 1-port and 2-port precoder cycling for all ALs.
Effect of delay spread
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(a) SFBC                               (b) 1-port precoder cycling
Fig. 4. BLER comparison of TxD schemes in TDL-A over various delay spreads

In this section, the effect of delay spread is examined. In Fig. 4, BLER performance of SFBC and 1-port precoder cycling is depicted for AL=1, 2, 4, and 8 and delay scaling of 30ns, 300ns, and 1000ns. The effect of inter-symbol interference was not taken into account in the 1000ns case. In general, larger delay spread incurs performance degradation at BLER > 10% area since the channel estimation accuracy is decreased due large frequency selectivity. The performance degradation is larger in SFBC since the coherence bandwidth becomes smaller than 1~2 subcarrier spacings and the channel orthogonality is broken. However, at the same time, the larger frequency selectivity from larger delay spread provides larger frequency diversity gains. As a result, for both SFBC and 1-port precoder cycling, the overall performance at around BLER 1% shows robustness over the delay spread, which means that the performance gap between SFBC and 1-port precoder cycling is uncorrelated with the delay spread property at least in our simulation environment.


Effect of PRB bundling
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                    (a) SFBC                               (b) 1-port precoder cycling
Fig. 5. BLER comparison of TxD schemes in TDL-A over various PRB bundling sizes

Fig. 5 shows the effect of PRB bundling on the BLER performance. SFBC and 1-port precoder cycling were evaluated again since they show better performance than 2-port precoder cycling. The used PRB bundling sizes are 1, 2, and 4 for 1-port precoder cycling and 1~32 for SFBC. (Here we simply use the same terminology of “PRB bundling” for SFBC as well.) For 1-port precoder cycling, the PRB bundling size larger than 4 is not considered since it severely degrades the diversity gains. In Fig. 5(a), it is observed that SFBC obtains up to 2 dB gains from larger PRB bundling size for AL=8. The performance gain is saturated with PRB bundling with 8 PRBs. However, for 1-port precoder cycling, the SNR gain from PRB bundling is smaller than that of SFBC especially when the AL is low due to the loss of frequency diversity. Since the evaluation results in other sections are based on the PRB bundling size of 2 for all TxD schemes, there are potentials for further performance increase for 2-port SFBC in Figs. 1~4 at the price of increased channel estimation complexity.

Conclusion
In this contribution, we provide BLER comparison among transmit diversity schemes for DL control channel. Based on our evaluation results in Section 2, we have the following observations and proposals:
Observation 1: SFBC outperforms 1-port and 2-port precoder cycling for TDL-A 30ns, 300ns, 1000ns and TDL-B 300ns for both 20 bits and 60 bits DCI payload sizes with both localized and distributed PRB allocation.
Observation 2: The performance of SFBC can be further increased if larger PRB bundling size (e.g., 8 PRBs) is adopted in the MMSE channel estimation.
Proposal 1: Support 2-port SFBC as the TxD scheme for NR-PDCCH at least for below 6GHz.
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Annex: Link-level evaluation assumptions

Table 1. Link-level simulation parameters
	Parameter
	Value

	Carrier frequency
	4GHz

	Channel model
	TDL-A, B

	Delay spread
	30ns, 300ns, 1000ns

	UE mobility
	3km/h

	Subcarrier spacing
	15kHz

	gNB and UE antennas
	2x2

	Transmission scheme
	2-port SFBC

	DCI payload size
	20, 60 bits

	Number of control symbols
	1

	PRB allocation
	Localized, distributed in frequency

	Channel coding
	TBCC

	Channel estimation
	MMSE estimation + linear interpolation

	PRB bundling
	1~32 for Section 2.3
2 for others

	Receiver
	MMSE (for 2-port precoder cycling)
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TDL-B 300ns, distributed PRB, DCI 20bits, 4 REGs/CCE
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TDL-A, 1-port precoder cycling, localized PRB, DCI 20bits, 4 REGs/CCE
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TDL-A, SFBC, localized PRB, DCI 20bits, 4 REGs/CCE
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TDL-A, 1-port precoder cycling, localized PRB, DCI 20bits, 4 REGs/CCE
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TDL-A 300ns, localized PRB, DCI 20bits, 4 REGs/CCE
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