
3GPP TSG RAN WG1#88bis					          	                 	R1-1705224
Spokane, WA, USA, 3rd - 7th April 2017

Agenda item:		8.1.3.1.1
Source:	Nokia, Alcatel-Lucent Shanghai Bell
Title:	Evaluation of transmission/diversity schemes for DL control channel
Document for:		Discussion and Decision
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.
This contribution relates to evaluation of transmission diversity scheems for DL control channel. The following assumption guidelines for down selection of TxD scheme for DL control channel were agreed in RAN1#88 [4]:

Agreements: [4]
· Evaluation assumption guidelines for down selection of TxD scheme for DL control channel:
· Aggregation levels: 1, 2, 4, 8 (Proponents can evaluate higher aggregation levels in addition, e.g., 16, 32)
· DCI size: 20 and 60 bits + 16 bit CRC
· CCE size: Proponents can choose within the agreed initial estimate of 4 to 8 REGs per CCE
· Practical channel estimation
· MMSE for reference, other schemes can be evaluated in addition 
· Proponents should state assumptions on 
· Number of RS used for interpolation in time and frequency
· PRB bundling assumption
· Antenna configurations and correlations corresponding to models at carrier frequencies of 4 GHz and 30 GHz (Prioritize 4 GHz)
· DMRS density 33% (other densities can be evaluated in addition)
· Number of OFDM symbols for transmission of PDCCH: 1 (companies may additionally evaluate for other values)
· Subcarrier spacing: 15 kHz (Other subcarriers spacing may be evaluated in addition)
· Channel model
· TDL-A, TDL-C
· Delay spread 30 ns, UE speed 3 km/h, (proponents can also evaluate 70 and 500 km/hr)
· Delay spread 300 ns, UE spread 3 km/h
· Delay spread 1000 ns, UE spread 3km/h

We provide more details related to PDCCH transmission scheme design in a companion contribution [6].
2	Simulation assumptions
We evaluated the link performance of the following transmission shemes for DL control channel:
· 1-antenna port transmission
· SFBC
· 1-antenna port precoder cycling: Preceoder is unchanged within four consecutive REGs (of 4-PRB grid) whereas different precoders are applied for different groups of four REGs

A precoder cycling in frequency is a way to virtualize beams/antennas behind one or two PDCCH antenna ports. Multiple beams can be virtualized into one antenna port (e.g within one polarization). The precoder cycling is almost transparent to the UE. The specification needs to define only the granularity where precoder is unchanged. In the simulation for 1-antenna port precoder cycling scheme, we assume that precoding cycling is applied to two Tx antennas to virtualize the one antenna port according to 4-RB grid. 




The evaluated frequency diversity options are shown in Figure 1. We considered two main options in this simulation: 
· Localized allocation of REGs/CCEs: [1, 4, 8] CCEs
· Distributed allocation of REGs/CCEs: [1, 4, 8] CCEs
In all cases CCE size equals to 4 REGs.
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Figure 1. Considered frequency diversity options

Two different optinos were considered for channel estimation with distributed 1-CCE case:
· DMRS bundling within the 4-PRB grid (baseline)
· No bundling, where only the allocated REGs are used for channel estimation.
 

DMRS allocation within REG assumed in the simulations is shown in Figrue 2. In both cases, each REG (12 REs) contains 4REs for DMRS. In the case of SFBC (Figure 2b), multiplexing between two antenna ports is based on FDM.
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Figure 2. DMRS allocation in the simulation. a) 1-antenna port case, b) 2-antenna port cases

Simulation parameters are listed in Table 1.

Table 1 Simulation parameters
	Parameter
	Value

	Number of Tx/Rx antennas
	1/2, 2/2

	Tx diversity method
	1-AP, SFBC, 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 (over 4 REGs)

	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, 4 and 8 CCEs
Simulation results for 1CCE, 4CCE and 8CCE cases are shown in Figure 3-Figure 6. Based on the results, it can be noted that:
· Distributed allocation of REGs provides considerable peroformance gain compared to localized allocation of REGs (Note! situation does not hold if CSI would be available at the transmitter)
· 1-antenna port transmission is clearly the worst option. This is due to the fact that it suffers from the lack of antenna diversity.
· SFBC outperforms 1-antenna port precoder cycling when SNR operation point is high. This is the case e.g. with low CCE aggregation levels and/or low BLER operation point.
· 1-antenna port precoder cycling outperforms SFBC when SNR operation point is low. This is the case e.g. with high CCE aggregation levels and/or higher BLER operation point.

Based on the results we make the following proposals:
Proposal #1: Support SFBC as a transmission diversity scheme for NR PDCCH

[bookmark: _GoBack]Proposal #2: Support precoder cycling as an implementation specific transmission diversity scheme for gNB for virtualizing beams/antennas behind one or two PDCCH antenna ports.
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Figure 3. 1-CCE case, channel estimation over 4 REGs (PRB bundling).
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Figure 4. 4-CCE case
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Figure 5. 8-CCE case

3.2. Impact of PRB bundling 
Figure 6 shows the impact of PRB bundling in 1-CCE scenario and distributed REG-to-CCE mapping. Results show that PRB bundling over 4RBs can provide considerable improvement for channel estimation. This applies to all considered transmission schemes. Based on the results we make the following proposal:
Proposal #3: Support PRB bundling for each DMRS antenna port. 4-PRB grid is assumed for PRB bundling.
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Figure 6. Impact of PRB bundling, 1-CCE distributed allocation

4	Conclusions
In this contribution we have evaluation of transmission diversity scheems for DL control channel. Based on the results and discussion we make the following proposals:
Proposal #1: Support SFBC as transmission scheme for NR PDCCH

Proposal #2: Support precoder cycling as an implementation specific transmission diversity scheme for gNB for virtualizing beams/antennas behind one or two PDCCH antenna ports.

Proposal #3: Support PRB bundling for each DMRS antenna port. 4-PRB grid is assumed for PRB bundling.
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