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1 Introduction

Preliminary discussions took place at the RAN1 NR ad-hoc meeting regarding transmission schemes for the NR DL control channel. The following agreement was reached [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 this contribution we provide our views on selection of a transmit diversity scheme for NR-PDCCH. 
2 Discussion
Multi-antenna transmission of control information typically utilizes transmit diversity rather than multi-layer transmission schemes as the control channel prioritizes robust reception over spectral efficiency. LTE PDCCH employed SFBC and SFBC/FSTD for 2Tx and 4Tx respectively. For LTE EPDCCH, 2-antenna port precoder cycling within a PRB was employed due to some of the challenges observed for SFBC (some of which would be described herein). Although some of the same EPDCCH discussions apply here, it is still necessary to re-examine the issues in the context of the NR frame structure and deployment scenarios.
One of the main observations during the EPDCCH standardization is that SFBC in general outperforms precoder cycling especially when the coding rate is high (equivalently for low aggregation levels given a target payload size). Otherwise it was observed that the performance gain of SFBC could be much smaller, and even down to practically same BLER performance as precoder cycling. However, since SFBC requires a pair of REs for the space-frequency code, a well known issue is the so-called orphan RE problem, where there may not be an even number of REs within an OFDM symbol. Rather than lose a lot of REs resulting in rather inefficient resource utilization, it was agreed to adopt precoder cycling in EPDCCH. A key advantage of precoder cycling is that it can be transparent to the UE when the same precoder is applied to both DMRS and control REs. This advantage should carry over to NR design. We first describe precoder cycling (or beamforming) schemes that may be considered for NR,
· Single antenna port transmission: a single antenna port is configured with 2 DMRS REs per PRB. For transparent DMRS the same precoding is applied to both control and RS in a PRB. Thus, any randomization or cycling of precoders is up to the gNB and can only be done at the PRB level.

· Two antenna port transmission: this scheme allows sub-PRB level precoder cycling similarly to EPDCCH. For NR, the precoders for each antenna port are applied to alternating control REs in a PRB. We assume a DMRS overhead of 4 REs (2 per port), which is same as SFBC.   

We address some of the comparisons/limitations of SFBC versus beamforming based (precoder cycling) schemes in the NR context.

1) Inefficient resource utilization of SFBC: as CRS is not present in the NR frame structure, data-RS mapping within a symbol of the control resource set can support contiguous pairs of REs. A simple example is shown in Figure 1 for 2-port SFBC. It can be seen that the RS overhead is 4 REs per RB compared to 2 RS REs for the single antenna port based transmission scheme. Even with this overhead penalty it was shown in Table 4 of Reference [2] that for the same total number of REs contained in a CCE (implying a higher coding rate for SFBC compared to precoder cycling) there was only a small loss for SFBC for the 1-CCE NR-PDCCH, whereas there was still a slight gain for higher aggregation levels.
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Figure 1 DMRS placement allowing pairs of contiguous REs for SFBC
a. For a fixed RS power allocation within a PRB, there is a 3dB difference between the 1-port precoder cycling and 2-port SFBC. Therefore, it can be expected that better channel estimation is obtained for the single antenna port transmission scheme. On the other hand per RB precoder cycling loses spatial diversity within a PRB. This loss can be avoided with the 2-antenna port transmission scheme employing sub-RB level precoder cycling. The tradeoff is similar channel estimation performance as SFBC since there is no 3dB power boost.

b. It should be reiterated that some of the issues with using SFBC for EPDCCH stemmed from the mapping of REs in the minimum resource unit, the EREG. In contrast, the minimum resource unit in NR-PDCCH is a PRB, which is more flexible to resource allocation both for control and data channels.
2) Frequency selectivity: the orthogonality of SFBC may be compromised if the channel is not the same between the pair of REs using the space-frequency code. This effect may be exacerbated for channels with a high degree of frequency selectivity. This may be further compounded for larger subcarrier spacing values in NR. It is not clear at this point without comprehensive evaluations what the overall impact to the BLER performance would be compared to precoder cycling. It may also be the case that highly frequency selective channels are not expected to be typical above 6GHz, where larger subcarrier spacing values are expected to be used. 

In general we observe that there are pros and cons for each transmit diversity scheme. Comprehensive performance evaluations are required taking into account sub-6GHz and above 6GHz deployment scenarios, including impact of time, frequency and phase error above 6GHz. 
Proposal: evaluate performance of SFBC and precoder cycling taking into account the diverse deployment scenarios envisioned for NR including sub-6GHz and above 6GHz deployment scenarios.

3 Conclusion
In this contribution we provided some analysis of two proposed transmit diversity schemes for the NR DL control channel. It was observed that there are pros and cons for both precoder cycling and SFBC and past conclusions from LTE may not be sufficient to make a conclusion in NR. We propose the following
· Proposal: evaluate performance of SFBC and precoder cycling taking into account the diverse deployment scenarios envisioned for NR including sub-6GHz and above 6GHz deployment scenarios
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