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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.
This contribution relates to the DM-RS and transmission scheme design for DL control channel for NR. In RAN1 NR ad hoc and RAN1 #88 meetings the following agreements were made [4][5]:
Agreements: [4]  
· NR supports at least following functionalities
· At least for eMBB, in one OFDM symbol, multiple CCEs cannot be transmitted on the same PRB except for spatial multiplexing to different UEs (MU-MIMO)
· A PDCCH candidate consists of a set of CCEs. A CCE consists of a set of REGs. A REG is one RB during one OFDM symbol.
· For one UE, the channel estimate obtained for one RE should be reusable across multiple blind decodings involving that RE in at least the same control resource set and type of search space (common or UE-specific).
· At least for DL data scheduled for a slot, the DL data DMRS location in time is not dynamically varying relative to the start of slot
· 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

Agreements: [5]  
· At least QPSK is supported for the modulation of the PDCCH
· For the purpose of determining CCE size, at least one UE-specific DCI can be transmitted within one CCE (with QPSK and code rates not close to 1)
· An initial estimate of the number of REGs per CCE where a REG is one PRB in one OFDM symbol if DCI sizes are similar to LTE assuming QPSK: Suitable values could range from 4 to 8 REGs. 
· A more precise value needs more decisions on the information carried by the DCIs.

We provide evaluation results for transmission/diversity schemes in a companion contribution [6].
2	Discussion
2.1. DM-RS for a common search space
Common search space (CSS) could be available in the first OFDM symbol(s) of each DL or bi-directional slot. CSS is used e.g. to convey DL control information (such as DL/UL grants) for UEs that don’t have yet UE-specific search space (USS) configured. Shared DM-RS should be used in CSS because it’s difficult to configure it otherwise. UE can derive the DM-RS sequence based on the control resource set location in frequency and time.  

Proposal #1: In CCS, DM-RS reference signal sequence should be cell or virtual cell specific such that UE can derive DM-RS sequence based on the PDCCH location in frequency and time


In order to facilitate synchronization at UE using complementary signals in an implementation friendly manner (especially in case of bandwidth adaptation), eNB can transmit DM-RS in PDCCH CSS and indicate this to the UE even when there is no DCI transmission. The transmission of DMRS in PDCCH CSS is not always on, and it is triggered only when needed [7]. 

Observation #1: Triggered DM-RS in the PDCCH CSS is a way to provide complementary synchronization signal if needed, e.g. in the case of RF bandwidth configuration changes

2.2. 	DM-RS for a user specific search space
The reference signals used in user specific search space need to be configurable in order to support spatial multiplexing, coordinated transmission and decoupling of downlink control and uplink data. Signaling mechanisms providing sufficient capability to configure DM-RS according to scenario of interest need to be established. For that reason, higher layer configuration for UE specific RS should be used for PDCCH.

Proposal #2: The reference signals used in user specific search space is configurable on UE specific manner in order to support various scenarios like spatial multiplexing  

2.3. Support for Tx diversity
Tx diversity needs to be supported at least for group/common grants/assignments. The performance benefit of Tx diversity is clearly visible in the simulation results shown in [6]. Also with beamforming it is beneficial to apply Tx diversity between polarized antennas when instantaneous channel state is not available at transmitter site. The PDCCH occupies very limited space in frequency and time, so the DM-RS overhead in the PDCCH PRBs should be kept low. Therefore, we propose that the number of orthogonal DM-RS ports is limited to 2 in order to leave sufficient space for DL control data. Space-frequency block coding (SFBC) can be seen as the most promising Tx diversity scheme as it achieves full 2nd order spatial diversity within one OFDM symbol. Results shown in [6] indicate that SFBC outperforms 1-antenna port precoder switching when SNR operation point is reasonably high. This is the case e.g. with low CCE aggregation levels and/or low BLER operation point. If MU-MIMO needs to supported, non-orthogonal antenna ports need to be considered. 
Proposal #3: The number of orthogonal antenna ports is limited to two in order to leave sufficient space for DL control data
Proposal #4: SFBC is supported as the Tx diversity scheme that achieves full 2nd order spatial diversity within one OFDM symbol.
A precoder cycling in frequency is a way to virtualize beams/antennas behind the two PDCCH antenna ports. Multiple beams are virtualized into one antenna port (e.g. within one polarization). The precoder cycling is almost transparent to the UE. The specification defines only the granularity where precoder is unchanged. The preferred option could be to make it according to 4-RB grid, which is based on the NR-CCE size of 4 PRBs as proposed in [8]. Results shown in [6] indicate 1-antenna port precoder cycling outperforms SFBC when SNR operation point is low. This is the case e.g. with high CCE aggregation levels/higher BLER operation point.
Proposal #5: Precoder cycling in frequency is supported as a way to virtualize beams/antennas behind one or two PDCCH antenna ports

2.4. DMRS patterns for PDCCH specific DM-RS
The assumed size of NR-CCE is 4 PRBs in frequency. In order to minimize complexity, DM-RS occupies four subcarriers from each PRB. Orthogonal DM-RS antenna ports can be multiplexed by using either FDM or CDM. Figure 1 presents possible DM-RS patterns by assuming PDCCH resource unit size of 12 sub-carriers.  With CDM the orthogonal cover code [1 -1] is applied for the second layer.
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Figure 1 Example of DM-RS patterns
Figure 2 compares the performance of CDM and FDM approaches for multiplexing DM-RS with PDCCH. Results show that CDM and FDM with the same DM-RS overhead perform equally. PDCCH and PDSCH can be located in the same PRBs within adjacent cells. In the preferred case, DM-RS pattern of PDCCH equals at least subset of DM-RS patterns used in PDSCH. This enable to coordinate correlation property of DM-RS between PDCCH and PDSCH.  
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Figure 2 Performance comparison between FDM and CDM DM-RS

Proposal #6: DM-RS occupies four subcarriers from each REG

Proposal #7: Both CDM and FDM approaches are considered for multiplexing DM-RS with PDCCH

Proposal #8: DM-RS pattern of PDCCH equals at least subset of DM-RS patterns used in PDSCH
3	Conclusions
In this contribution we have discussed the DM-RS and transmit diversity scheme of DL control channel. Based on the discussion, we make the following proposals and an observation:
Observation #1: Triggered DM-RS in the PDCCH CSS is a way to provide complementary synchronization signal if needed, e.g. in the case of RF bandwidth configuration changes
Proposal #1: In CCS, DM-RS reference signal sequence should be cell or virtual cell specific such that UE can derive DM-RS sequence based on the PDCCH location in frequency and time

Proposal #2: The reference signals used in user specific search space is configurable on UE specific manner in order to support various scenarios like spatial multiplexing
Proposal #3: The number of orthogonal antenna ports is limited to two in order to leave sufficient space for DL control data
Proposal #4: SFBC is supported as the Tx diversity scheme that achieves full 2nd order spatial diversity within one OFDM symbol.
Proposal #5: Precoder cycling in frequency is supported as a way to virtualize beams/antennas behind one or two PDCCH antenna ports
Proposal #6: DM-RS occupies four subcarriers from each REG.
Proposal #7: Both CDM and FDM approaches are considered for multiplexing DM-RS with PDCCH
Proposal #8: DM-RS pattern of PDCCH equals at least subset of DM-RS patterns used in PDSCH

References 
[1] RP-160671, “Study on New Radio Access Technology”, NTT DoCoMo
[2] RP-170847, “New WID on New Radio Access Technology”, NTT DoCoMo
[3] TR 38.913, “Study on Scenarios and Requirements for Next Generation Access Technologies”, 3GPPRAN1 Chairman’s Notes, 3GPP TSG RAN WG1 Meeting #87, 3GPP
[4] RAN1 Chairman’s Notes, 3GPP TSG RAN WG1 Meeting NR Ad-Hoc, 3GPP.
[5] RAN1 Chairman’s Notes, 3GPP TSG RAN WG1 Meeting #88, 3GPP
[6] R1-1705224, “Evaluation of transmission/diversity schemes for DL control channel”, Nokia, Alcatel-Lucent Shanghai Bell
[7] R1-1705231, “On the usage of PDCCH DMRS as a complementary synchronization signal in DL”,	Nokia, Alcatel-Lucent Shanghai Bell
[8] R1-1705225, “On the NR PDCCH structure”, Nokia, Alcatel-Lucent Shanghai Bell




image1.emf
CDM-p1 FDM-p1


image2.emf
0,00001

0,0001

0,001

0,01

0,1

1

-8 -6 -4 -2 0 2 4 6

BLER

SNR [dB]

TDL-C 1000 2x2 SFBC 32 bits 

CDM-p1

FDM-p1


