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1 Introduction

In 3gpp RAN1 Jan. Ad Hoc meeting, transmit diversity was agreed to support for PDCCH

· 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 3gpp RAN1 #88 meeting, evaluation assumption guidelines were agreed to down-select the TxD scheme for PDCCH 
· 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
In this contribution, we will share our view on TxD scheme for PDCCH and show our proposal based on the evaluation results. In addition, the general aspects on some other transmission schemes of NR DL control channels are discussed.
2 Transmit diversity
2.1 SFBC
As a transmit diversity scheme adopted in LTE, SFBC was already used for PBCH, PCFICH, PDCCH and Rank-1 transmission in TM3 in LTE, to support reliable transmission of MIB and DCI, also to handle PDSCH transmission under high speed mobility scenario.  It applied Alamouti scheme on two modulation symbols transmitted on two adjacent sub-carriers, as given in Fig.1, where Si, Si+1 ,… is the modulation symbols. As in LTE R8 to maintain constant power，it should be noted the transmitted symbol sequences after SFBC at port 0 and port 1 are 
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, respectively. The symbol after SFBC will be mapped to different RE location for different antenna port, depending on DRMS pattern. Different from CRS based PDCCH in LTE, DMRS pattern for NR PDCCH is still ongoing. Dual adjacent REs are necessary for SFBC. One possible mapping with DMRS pattern example in the single OFDM symbol was also given in Fig.1. More details on DMRS pattern can be found in the companion contribution [1].
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Figure 1. DMRS based SFBC for PDCCH 
2.2 Precoder Cycling
CRS based RE level precoder cycling was introduced for TM3 in LTE R8. DMRS based precoder cycling was enabled for EPDCCH in LTE R11. For TM3 in LTE R8, The precoder is actually predefined depending on the RE index. The available number of precoders is only limited by size of codebook used. 
The granularity of DMRS based precoder cycling will rely on DMRS design. DMRS and part DCI on same antenna port will use same precoder, therefore, available number of precoders for DCI within one RB is actually limited by number of DMRSs within one RB. If only one DMRS available in single RB, then precoder cycling can be only enabled across different RBs, i.e., RB level precoder cycling.   If two or more DMRS available in single RB, then two or more precoder cycling can be enabled within single RB, here we can have RE level precoder cycling. At meantime, cycling through different RB can be enabled.  It should be noted single precoder per RB will reduce DMRS overhead. 
For localized transmission such as case of single CCE consisting of 4 contiguous REG/RB, to obtain more accurate channel estimation by PRB bundling, Precoder cycling through the 4 contiguous REG/RBs should be avoided.

Due to same precoder used for DMRS and DCI, precoder cycling will be equivalent to antenna port switching. A dual DMRS based precoder cycling scheme within single RB is given in Fig.2. 
It should be noted that the precoder pair (w0,w1) actually depends on proprietary implementation. Different precoder pair (w’0, w’1) can be used for different RBs.  For sub-6GHz scenario, take two physical antennas and two antenna ports for an example, precoder from LTE R8 codebook can be used, which can give 


[image: image4.wmf](

)

ï

ï

þ

ï

ï

ý

ü

ï

ï

î

ï

ï

í

ì

÷

÷

ø

ö

ç

ç

è

æ

ú

û

ù

ê

ë

é

-

ú

û

ù

ê

ë

é

-

÷

÷

ø

ö

ç

ç

è

æ

ú

û

ù

ê

ë

é

ú

û

ù

ê

ë

é

-

÷

÷

ø

ö

ç

ç

è

æ

ú

û

ù

ê

ë

é

-

ú

û

ù

ê

ë

é

÷

÷

ø

ö

ç

ç

è

æ

ú

û

ù

ê

ë

é

ú

û

ù

ê

ë

é

÷

÷

ø

ö

ç

ç

è

æ

ú

û

ù

ê

ë

é

-

ú

û

ù

ê

ë

é

÷

÷

ø

ö

ç

ç

è

æ

ú

û

ù

ê

ë

é

-

ú

û

ù

ê

ë

é

Î

j

j

j

j

j

j

w

w

1

2

1

,

1

1

2

1

,

1

2

1

,

1

1

2

1

,

1

2

1

,

1

1

2

1

,

1

2

1

,

1

1

2

1

,

1

2

1

,

1

2

1

,

1

1

2

1

,

1

1

2

1

,

1

0

 

 (1)

Furthermore, for mmwave deployment operation, above antenna ports can be selected from multi-beams based on beam management mechanism. 
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Figure 2. Dual DMRS based Precoder Cycling for PDCCH in NR 
3 Simulation Results
Link level simulation was conducted for performance comparison of above mentioned transmit diversity scheme for different payload sizes, aggregation level under different channel conditions. Specifically, DCI size of 20bit and 60bits, NR-PDCCH with aggregation levels {1, 2, 4, 8} and each NR-CCE of 4 REGs/RB during single symbol are considered. The resource mapping methods of both localized and distributed transmission presented in companion contribution [2] are used to form NR-PDCCH with different aggregation levels. More detail on simulation assumption can be found in Table 1 in Appendix
First, different precoder cycling alternatives were compared, including 2DMRS based RE level precoder cycling as given in Fig.2 and single DMRS based RB level precoder cycling. For RB level precoder cycling, we have two options: Option 1 is to use same DMRS overhead, two REs with power boosting and other two REs are unused; Option 2 is to use half DMRS overhead, i.e., two REs. The other two REs will be used for DCI transmission, which imply to use lower code rate for same DCI size. The different precoders from equation (1) were used for localized transmission. The simulation results were depicted in Fig.3 - Fig. 5.
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Figure 3. Performance Comparison of Precoder Cycling for DS = 30ns, DCI Size = 20 and 60bits.
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Figure 4. Performance Comparison of Precoder Cycling for DS = 300ns, DCI Size = 20 and 60bits.
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Figure 5. Performance Comparison of Precoder Cycling for DS = 1000ns, DCI Size = 20 and 60bits.
From the above simulation results, we can have
Observation 1
· Due to finer cycling granularity, dual DMRS based precoder cycling can obtain more diversity gain, i.e., BLER will decline with SNR more quickly than single DMRS based options;  

· For low aggregation level, dual DMRS based precoder cycling is better than single DMRS based options, especially at region of  BLER equal to or less than 1%, for different DCI sizes under different Delay spread;
· For high aggregation level, using same overhead with power boosting, single DMRS based precoder cycling is slightly better than other schemes at low SNR region, but it will become surpassed by dual DMRS based scheme at high SNR region, for different DCI sizes under different Delay spread.
Based on the above observation, dual DMRS based precoder cycling was further compared with SFBC. For localized transmission, the simulation results were given in Fig. 6- Fig. 8, where PRB bundling will be used if possible. 
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Figure 6. Performance Comparison of SFBC and Precoder Cycling. Localized, 30ns.
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Figure 7. Performance Comparison of SFBC and Precoder Cycling, Localized, 300ns.
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Figure 8. Performance Comparison of SFBC and Precoder Cycling, Localized,1000ns.
From the above simulation results, we can have
Observation 2

· For localized transmission, SFBC is much better than dual DMRS based precoder cycling, for different DCI sizes and aggregation levels under different delay spread. 

For distributed transmission, the simulation results were given in Fig. 9- Fig. 11.
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Figure 9. Performance Comparison of SFBC and Precoder Cycling. Distributed, 30ns.
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Figure 10. Performance Comparison of SFBC and Precoder Cycling, Distributed, 300ns.
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Figure 11. Performance Comparison of SFBC and Precoder Cycling, Distributed, 1000ns.
From the above simulation results, we can have 

Observation 3

· For distributed transmission, SFBC is better than dual DMRS based precoder cycling for low aggregation level and they will become close to each other for high aggregation level, for different DCI sizes under different delay spread. 

Based on above discussion and observations, we have 

Proposal 1: 
· SFBC is preferred over precoder cycling for NR PDCCH. 

4 Multi-layer transmission
Among techniques to improve spectral efficiency, the most well-known one is multi-layer transmission, which can be further divided into the case where each of the multiple layers is transmitted to different UEs (i.e., single-layer MU-MIMO) or where a UE receives multiple layers (i.e., SU-MIMO). 
4.1 MU-MIMO
Supporting MU-MIMO transmission scheme with non-orthogonal reference signal can provide area splitting gains of downlink control channel in NR, i.e., the same resource is used multiple times in the same cell. This is achievable using UE-specific downlink control channel resources and/or scrambling sequences without additional signalling overhead. 
However, supporting MU-MIMO transmission with orthogonal reference signals needs more considerations since it requires that two UEs share the same NR-REG associated to different antenna ports. There may then be an issue that a UE must know which antenna port to use. Two basic approaches can be considered to solve this issue, either a UE tries every possible antenna port, or a UE is configured with one antenna port explicitly or implicitly. Although the former case introduces no additional signalling overhead, it may result in an increased number of blind decoding. We therefore prefer the latter one where the antenna port(s) is(are) indicated explicitly or implicitly. Further study is still needed based on both pros and cons of the two indication schemes.
For explicit indication, a UE is configured with the used antenna port(s), which has minimal UE complexity. The demerits are mainly from two aspects. One is the cost of additional control signaling which will result in a relatively larger size of control region. Therefore, it will affect the flexibility of the resource configuration and cause the net performance loss. The other one is so called antenna port blocking problem where two UEs having the same antenna port configured cannot efficiently receive a UE-specific downlink control channel in the same control subband. Hence, even if the search space is non-overlapping between UEs, there may be blocking due to a co-incident of same configure antenna port. 

For implicit indication, the antenna port(s) that may be used for downlink control channel transmission is associated to the resources a downlink control channel is using. This completely avoids the above mentioned antenna port blocking problem. The drawback is that the transmission scheme becomes dependent on the aggregation level and the subband(s) used so that causes increased channel estimation complexity. 

Proposal 2: MU-MIMO with non-orthogonal reference signals is supported for downlink control channel. 
Proposal 3: MU-MIMO with orthogonal reference signals can be considered with the antenna port(s) indicated explicitly or implicitly.

5 Conclusions
In this contribution, different transmit diversity schemes including SFBC and precoder cycling alternative were discussed and evaluated under simulation assumption agreed in 3gpp meeting. Based on the discussion and simulation results, we have 
Observation 1

· Due to finer cycling granularity, dual DMRS based precoder cycling can obtain more diversity gain, i.e., BLER will decline with SNR more quickly than single DMRS based options;  

· For low aggregation level, dual DMRS based precoder cycling is better than single DMRS based options, especially at region of  BLER equal to or less than 1%, for different DCI sizes under different Delay spread;

· For high aggregation level, using same overhead with power boosting, single DMRS based precoder cycling is slightly better than other schemes at low SNR region, but it will become surpassed by dual DMRS based scheme at high SNR region, for different DCI sizes under different Delay spread.

Observation 2

· For localized transmission, SFBC is much better than dual DMRS based precoder cycling, for different DCI sizes and aggregation levels under different Delay spread. 

Observation 3
· For distributed transmission, SFBC is better than dual DMRS based precoder cycling for low aggregation level and they will become close to each other for high aggregation level, for different DCI sizes under different Delay spread. 

Proposal 1: 
· SFBC is preferred over precoder cycling for NR PDCCH; 

Proposal 2: MU-MIMO with non-orthogonal reference signals is supported for downlink control channel. 
Proposal 3: MU-MIMO with orthogonal reference signals can be considered with the antenna port(s) indicated explicitly or implicitly.
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Appendix

Table 1. Link level simulation parameters
	Parameters 
	Value

	carrier frequency
	4 GHz

	Channel model 
	TDL-C

	Delay spread
	(30,300,100)ns

	UE speed
	UE speed 3 km/h

	Antenna configuration
	2Tx at UE and 2Rx at gNB

	System Bandwidth
	10MHz

	DMRS density
	33%

	DMRS Multiplexing
	CDM,FDM

	Channel estimation
	MMSE based

PRB bundling if possible

	Number of OFDM symbols for of PDCCH
	1

	Subcarrier spacing
	15 kHz

	DCI size
	20 and 60 bits + 16 bit CRC

	Channel coding 
	Polar code

	Aggregation levels
	1, 2, 4, 8
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