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1. Introduction
At RAN1#86bis, there were following agreements related to the DL control channel [1]. In this contribution, some initial evaluation results are provided to further progress the DL control channel design.
	Agreements:
· NR should support at least the following.
· In frequency-domain, a PRB (or a multiple of PRBs) is the resource unit size (may or may not including DM-RS) for control channel

· This is at least for the case where the DL control region consists of one or a few OFDM symbol(s) of a slot or a mini-slot

· FFS: whether a PRB or a multiple PRBs is the resource unit size
· FFS: If multiple PRBs is the resource unit size, the multiple PRBs are contiguous

· FFS: whether the resource unit size for a DL control channel is called as NR-REG or not
Agreements:
· NR should support at least the following
· A DL control channel can be mapped on one or more NR-CCEs

· This is at least for the case where the DL control region consists of one or a few OFDM symbol(s) of a slot or a mini-slot

· A NR-CCE includes a positive integer number of PRBs (FFS: exact value)
· FFS: whether a NR-CCE contains contiguous PRBs

· FFS: whether multiple NR-CCEs may share one or more PRBs
· FFS: whether NR-CCE is mapped on frequency-domain only or on both frequency and time-domain.


2. Evaluations
In LTE, one REG with 4 REs is the basic resource unit used for the PDCCH. The structure of a PDCCH transmission is based on CCEs where each CCE consists of 36 useful REs (9 REGs). Different number of CCE aggregation levels, e.g., 1, 2, 4, or 8 can be used for a PDCCH transmission depending for example on the DCI payload size, eNB power balancing, and channel conditions (UE SINR). With an interleaving operation, the REGs of a PDCCH are distributed over the whole DL system bandwidth and span all OFDM symbols in the DL control region, to enable exploitation of frequency diversity, inter-cell interference randomization, and flexible power balancing to achieve desired coverage. The performance of PDCCH transmission in LTE can be considered as a baseline for the NR DL control channel.
Based on the agreements in RAN1#86bis, it is assumed that one PRB is the resource unit size for the NR control channel (multiple PRBs can also be considered based on further evaluations for trade-offs between frequency diversity and channel estimation [2]). A NR-CCE includes a positive integer number of PRBs. Considering LTE PDCCH performance/BLER as a reference; the following cases are to be evaluated:

· The proper number of PRBs for a NR-CCE

· The performance difference between NR-CCE with contiguous PRBs and non-contiguous PRBs (i.e., localized manner vs. distributed manner). This is only intended to evaluate gains from the combination of frequency hopping and TxD – localized transmissions are not precoded.
Assuming 4 DMRS subcarriers among 12 subcarriers per PRB, there are 8 available REs in a PRB during one OFDM symbol for DCI transmission. It is expected that a NR-CCE can be composed of 4 or 5 PRBs, to achieve the similar performance as that in LTE, in which one CCE is composed of 36 REs. A final determination can be made once the exact DCI formats are known in order to determine a minimum code rate associated with 1 NR-CCE. The aggregation levels of 1, 2, 4, and 8 CCEs in LTE are considered as baseline. Additional higher aggregation levels are considered as well, to avoid excessive reliance on power boosting, since this may be needed to URLLC transmission which requires much higher reliability compared to LTE or to account for a possibly worse BLER for DL control channels in NR relative to LTE due to potentially worse channel estimation particularly at low SINRs.  

Simulation Assumptions
Table 1 lists the assumptions used in the simulations.

Table 1 Simulation Assumptions
	Attributes 
	Values or Assumptions 

	Carrier Frequency 
	2GHz

	System Bandwidth
	20MHz

	DCI Payload Size 
	30 / 60 bits (including CRC)

	Modulation 
	QPSK

	Channel coding
	TBCC

	Sub-carrier spacing 
	15kHz

	Channel model 
	CDL-C (RMS DS 300ns)

	BS antenna configuration 
	2Tx, SFBC 

	Channel estimation 
	MMSE – for LTE PDCCH, only CRS in first symbol is used, for NR PDCCH, DMRS frequency-domain interpolation was assumed possible across PRBs 


Simulation Results
In Fig. 1, the BLER of several cases with single CCE transmission is compared, assuming a DCI size of 60 bits (including CRC). With 4 PRBs per NR-CCE, the BLER performance is dominated by the high code rate, and marginal difference is observed between the localized (no-FH) and distributed (FH) cases. With 5 PRBs per NR-CCE, the BLER performance is accordingly improved, and about 2dB gain is obtained in the distributed transmission (compared to localized transmission) due to frequency diversity. 
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Fig. 1

In Fig. 2, the BLER performance with 8-CCE aggregations is compared, assuming the same DCI size of 60 bits (including CRC). Due to the lower code rate, the BLER performance gap between localized and distributed cases is reduced to ~0.6 dB compared to the ~2 dB for single CCE transmission. 
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Fig. 2

In Fig. 3, the BLER performance is further evaluated, assuming a reduced DCI size of 30 bits (including CRC) and increased CCE aggregation level (e.g., 16). This can reflect transmission of UE-common DL control channels or fall-back UE-specific DL control channels. For NR-CCE, only the distributed transmission case is shown. It is observed that about 2dB gain is obtained by either reducing the DCI size or increasing CCE aggregation level. The loss of about 1 dB relative to the expected 3 dB gain (e.g. by doubling the CCE aggregation level) can be attributed to losses from channel estimation at lower SINRs and this demonstrates the importance for improved channel estimation including the capability for DMRS power boosting.
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Fig. 3

In summary, from the simulation results, we can observe that:

· 4-5 PRBs per NR-CCE can be a reasonable choice, which provides similar or better performance compared to LTE
· However, the simulation assumptions related to channel estimation may be optimistic for NR PDCCH (depending on the exact design) and can be considered as somewhat pessimistic for the LTE PDCCH (not time domain interpolation across OFDM symbols with CRS in previous subframes or present subframe)
· In general, the diversity gain due to distributed NR-CCE transmission is significant, even though it may depend on the code rate, transmission BW (e.g., control subband), and channel conditions. 
· To ensure reliability in low SNR regions or for URLLC transmission, considering compact DCI or increasing the CCE aggregation levels are straightforward approaches and reasonable gain can be obtained. Power boosting can be a complementary mechanism.
3. Conclusions
In this contribution, the observations are as follows:
· 4-5 PRBs per NR-CCE can be a reasonable choice, which provides similar or better performance compared to LTE
· However, the simulation assumptions related to channel estimation may be optimistic for NR PDCCH (depending on the exact design) and can be considered as somewhat pessimistic for the LTE PDCCH (not time domain interpolation across OFDM symbols with CRS in previous subframes or present subframe)
· In general, the diversity gain due to distributed NR-CCE transmission is significant, even though it may depend on the code rate, transmission BW (e.g., control subband), and channel conditions. 
· To ensure reliability in low SNR regions or for URLLC transmission, considering compact DCI or increasing the CCE aggregation levels are straightforward approaches and reasonable gain can be obtained. Power boosting can be a complementary mechanism.
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