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1	Introduction
Rel-14 NR study item [1] has been closed and a new Rel-15 WI dealing with New Radio Access Technology [2] has been approved. The work item should specify the NR functionalities for enhanced mobile broadband (eMBB) and ultra-reliable low-latency-communication (URLLC) as defined in [3]. The NR under this work item should consider frequency ranges up to 52.6 GHz.
In this contribution we evaluate interleaved CCE-to-REG mapping schemes for DL control channel with differet REG bundle sizes and with different granularities for wideband precoding. The following agreements and working assumptions were made in RAN1 #88bis [4].
Agreements:  
· A CCE may be mapped to REGs with interleaved or non-interleaved REG indices within a CORESET
· Definition of a REG bundle: The UE may assume that the same precoder is used for the REGs in a REG bundle and that the REGs in a REG bundle are contiguous in frequency and/or time 
· REG bundling per CCE is supported for NR-PDCCH
· FFS: Whether this applies to common search space
· FFS: Whether all REGs have DMRS or not
· FFS: Whether wideband precoding is supported and the definition of a REG bundle if it is supported
· FFS: whether REG bundle size is different for mapping of NR-PDCCH with or without interleaved mapping of CCE to REGs
· FFS on REG bundle size
· FFS whether REG bundle size is configurable
Working assumption:   
· One-port transmit diversity scheme with REG bundling per CCE is used for NR-PDCCH
· FFS the bundling size
· FFS: REG bundling is also for localized mapping in time and/or frequency-domain
· Companies are encouraged to provide evaluation results for 10 MHz and 20 MHz for larger aggregation levels and 5 MHz and 10 MHz for smaller aggregation levels
Working assumption:   
· A NR-CCE is defined as 6 REGs
· Candidate bundle sizes for distributed REG-to-CCE mapping: 2 or 3 REGs if NR-CCE is defined as 6 REGs
· FFS: impact of the NR-CCE definition on CORESET size, CCE aggregation levels, data resource allocation granularity, etc.

We provide more details related to PDCCH transmission scheme design in a companion contribution [5].
2	Simulation assumptions
We consider 1-antenna port precoder cycling as the transmission scheme for NR-PDCCH. We consider two options for wideband precoder granularity:
· Option #1: Precoder granularity is always 6 REGs. Precoder is unchanged within six consecutive REGs (of 6-PRB grid) whereas different precoders are applied for different groups of six REGs.
· Option #2: Precoder granularity size equals to size of REG bundle (2 or 3 REGs). Precoder is unchanged within each REG bundle whereas different precoders are applied for different REG bundles.



In the simulations, the channel estimation principle is coupled with wideband precoding option:
· Option #1: Allocated REGs within the 6-PRB grid are used for channel estimation
· Option #2: Allocated REGs within the current REG bundle are used for channel estimation.

The evaluated frequency diversity options are shown in Figure 1. We considered two options in this simulation: 
· REG bundle size = 2 REGs: [1, 2, 4, 8] CCEs
· REG bundle size = 3 REGs: [1, 2, 4, 8] CCEs
In all cases CCE size equals to 6 REGs.
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Figure 1. Considered frequency diversity options


DMRS allocation within REG assumed in the simulations is shown in Figrue 2. In the simulation cases, each REG (12 REs) contains 4REs for DMRS.
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Figure 2. DMRS allocation in the simulation.

Simulation parameters are listed in Table 1.

Table 1 Simulation parameters
	Parameter
	Value

	Number of Tx/Rx antennas
	2/2

	Tx diversity method
	1-AP PS

	Modulation
	QPSK

	Channel
	TDL A 30 ns, 3 km/h

	Carrier bandwidth
	20 MHz

	Carrier frequency
	4 GHz

	Channel estimation method
	MMSE 

	Channel coding
	TBCC

	Number of coded Bits
	20+16 CRC

	Subcarrier spacing
	15 kHz

	DMRS overhead
	33%



3	Simulation results

3.1. Performance results for aggregation levels 1, 2, 4 and 8 CCEs
[bookmark: _GoBack]Simulation results for 1CCE, 2CCE, 4CCE and 8CCE cases are shown in Figure 3-Figure 7. Based on the results, it can be noted that:
· REG bundle size of 2 REGs outperforms REG bundles size of 3 REGs especially when SNR operation point is high. This is the case e.g. with low CCE aggregation levels and/or low BLER operation point. With 8CCEs, the performance difference between REG bundle sizes 3 and 2 is very minor.
· Wideband precoder granularity of 6 REGs outperforms granularity of REG bundle especially when SNR operation point is low. This is the case e.g. with high CCE aggregation levels and/or higher BLER operation point. With 8CCEs precoder granularity of 6 REGs provides better performance (BLER = 1%).

Based on the results we make the following Observations:
Observation #1: REG bundle size of 2 REGs outperforms REG bundles size of 3 REGs when SNR operation point is high. This is the case e.g. with low CCE aggregation levels and/or low BLER operation point.

Observation #2: Wideband precoder granularity of 6 REGs outperforms granularity of REG bundle when SNR operation point is low. This is the case e.g. with high CCE aggregation levels and/or higher BLER operation point.
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Figure 3. 1-CCE case 
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Figure 3. 2-CCE case
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Figure 4. 4-CCE case
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Figure 5. 8-CCE case

4	Conclusions
In this contribution we have evaluated the performance of interleaved CCE-to-REG mapping schemes for DL control channel with differet REG bundle sizes and with different granularities of wideband precoding. Based on the results we make the following observations:
Observation #1: REG bundle size of 2 REGs outperforms REG bundles size of 3 REGs when SNR operation point is high. This is the case e.g. with low CCE aggregation levels and/or low BLER operation point.

Observation #2: Wideband precoder granularity of 6 REGs outperforms granularity of REG bundle when SNR operation point is low. This is the case e.g. with high CCE aggregation levels and/or higher BLER operation point.
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