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1 Introduction

In 3GPP RAN1 #88bis meeting, one-port transmit diversity with REG bundling per CCE was made as working assumption for NR-PDCCH, from chairman notes:
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.

Based on the above working assumptions, in this contribution the performance of transmit diversity scheme with different REG bundling size will be evaluated for distributed and localized CCE-REG mapping. Our proposal will be provided based on the simulation results. Furthermore, we will discuss the transmission scheme with single and multiple beams. 
2 Transmit diversity
2.1 SFBC for NR PDCCH
As shown in contribution [1], SFBC scheme has robust performance at least for some channel conditions, e.g., different delay spread and SNR regions. This is one consideration for control channel since coverage is one key concern, especially for high speed scenario, where no accurate channel state information such as PMI/precoder is available from CSI report or based on channel reciprocity.  

Another consideration is from URLLC service, which requires typical BLER of 10-5 with 5ms E2E delay for traffic, and so even much lower BLER for control channel.  SFBC scheme could achieve full diversity gain, which means a steeper performance curve of BLER vs SNR, i.e., much more quickly reaching target BLER when higher reliability is required. 
However, considering the tight timeframe for 5G NR standardization, in the remainder of this paper we progress the design under the working assumption, i.e, single port transmit diversity with REG bundling for NR PDCCH.
2.2 Single port transmit diversity with REG bundling
For single port transmit diversity scheme, only one DMRS will be available within one RB for single UE. Furthermore, single port transmit diversity can be based on transparent precoding, i.e., DMRS and DCI use same precoder. The effective channel estimation for DCI can be directly derived from the precoded DMRS. Therefore, the precoder actually used for DCI and DMRS is not necessary for UE to know and it will depend on proprietary implementation at base station. The same precoder can be used over one PRB or multiple contiguous PRBs. For distributed transmission, multiple different precoders can be cycled across different RBs or RB groups, i.e., the granularity of precoder cycling can be one RB or multiple RBs. Usually the finer granularity will achieve more diversity gain. For localized transmission, wideband precoding can be used, based on CSI feedback about instantaneous channel condition.
According to the working assumption, one CCE can be defined as 6 REGs. One REG is one RB during one OFDM.  REG bundling can be used per CCE. REG bundling can be enabled in frequency domain and time domain. The example pattern of 2 REG bundling in time domain, 3 REG bundling in frequency domain and 6REG bundling in time-frequency domain are depicted in Fig. 1-3, respectively, where two DMRS REs for single port are assumed. More details on DMRS design can be found in the companion paper [2].
[image: image1.emf] 

RE for DMRS

2 Bundled REGs

Frequency

Time


Figure 1. Example of REG Bundling in Time Domain, Bundling Size = 2 
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Figure 2. Example of REG Bundling in Frequency Domain, Bundling Size = 3
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Figure 3. Example of REG Bundling in Time-Frequency Domain, Bundling Size = 6
REG bundling region consists of multiple contiguous/adjacent REG/RBs. Fully utilizing the available DMRSs within REG bundling region, UE can derive more accurate channel estimation, taking advantage of MMSE based or other interpolation scheme. Obviously, more improvement on channel estimation can be obtained from larger REG bundling size. 
It should be noted that same precoder will be used for DCI and DMRSs over the multiple contiguous REGs/RBs within the bundling region, i.e., allowable precoder cycling granularity will be same as REG bundling size. For single CCE or PDCCH candidate, this actually means less diversity gain when REG bundling size increases. Therefore, for distributed transmission, a tradeoff is necessary between diversity gain and channel estimation improvement resulted from REG bundling. For localized transmission, wideband precoder can be available from CSI report on instantaneous channel condition. Larger bundling size is possible such as single or more CCE levels. Here a tradeoff between implementation complexity and performance gain for channel estimation should be considered.  
2.3 Simulation results
Link level simulation was conducted for performance evaluation of single-port transmit diversity scheme with REG bundling for different payload sizes, aggregation level and DMRS overhead under different channel conditions. Specifically, REG bundling in frequency and time domain with bundling size of 2,3 and 6, 1/3 and 1/6 DMRS overhead, and each NR-CCE of 6 REGs/RB during single symbol are considered. The resource mapping methods of both localized and distributed transmission presented in companion contribution [3] are used to form NR-PDCCH with different aggregation levels. More details on simulation assumption can be found in Table 1 in Appendix.
For distributed transmission, precoder cycling performance with different REG bundling sizes was compared.  Two REs were used for DMRS of the single port per RBs. When REG bunding was enabled, possible DMRS overhead reduction is also considered. The different precoders from equation (1) were used for REG bundling region. 
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The simulation results for REG bundling in frequency domain with size = 2, 3 and 6 are shown in Fig.4 - Fig. 6, where 2 REs are used for DMRS.  Further simulation results for DMRS density of 1/3 can be found in Appendix, where 2 REs are used for DMRS with power boosting, the others are empty.
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Figure 4. Performance Comparison for different REG bundling size, DS = 30ns, 2REs for DMRS.
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Figure 5. Performance Comparison for different REG bundling size, DS = 300ns, 2REs for DMRS.
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Figure 6. Performance Comparison for different REG bundling size, DS = 1000ns, 2REs for DMRS.
From the above simulation results, we can have
Observation 1: For distributed transmission with REG bundling in frequency domain,
· using lower REG bundling size hence finer cycling granularity, precoder cycling can obtain more diversity gain, i.e., the performance curve of BLER vs SNR will have a steeper slope, especially for the case of low Delay spread(hence low frequency selectivity)and in high SNR region, where channel estimation performance can be ensured with lower REG bundling size, e.g.,2; 
· using higher REG bundling size such as 3 or 6, channel estimation performance can be improved, especially for the case of high Delay spread(hence high frequency selectivity)and in low SNR region, where PDCCH performance will be ensured by high aggregation level;

· higher aggregation level will benefit from larger bundling size;

The simulation results for REG bundling in time domain with size = 1, 2 and 3 are shown in Fig.7 - Fig. 9, where 2 REs are used for DMRS.  Further simulation results for DMRS density of 1/3 can be found in Appendix, where 2 REs are used for DMRS with power boosting, the others are empty.
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Figure 7. Performance Comparison for different REG bundling size, DS = 30ns, 2REs for DMRS.
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Figure 8. Performance Comparison for different REG bundling size, DS = 300ns, 2REs for DMRS.
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Figure 9. Performance Comparison for different REG bundling size, DS = 1000ns, 2REs for DMRS.
From the above simulation results, we can have the following observation:
Observation 2: For distributed transmission with REG bundling in time domain,
· using lower REG bundling size hence finer cycling granularity, precoder cycling can obtain more diversity gain, especially for the case of low Delay spread(hence low frequency selectivity)and in high SNR region; 

· using higher REG bundling size such as 3, channel estimation performance can be improved, especially for the case of high Delay spread(hence high frequency selectivity)and in low SNR region;

· higher aggregation level will benefit from larger bundling size;

Since delay spread and SNR region will depend on fast fading and large scale fading of the channel between UE and base station. The REG bundling size should be optimized depending on different UE. Based on the above simulation and discussion, we can have the following 
Proposal 1: Configurable REG bundling size should be supported for distributed transmission.
For localized mapping, wideband precoding performance with different REG bundling sizes was compared.  The rank -1 wideband precoder is based on CSI feedback, selected from the codebook in equation (1).  The simulation results for REG bundling size = 1, 2, 3, 6, 12 were depicted in Fig.13 - Fig. 15.
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Figure 10. Performance Comparison for different REG bundling size, DS = 30ns, 2REs for DMRS.
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Figure 11. Performance Comparison for different REG bundling size, DS = 300ns, 2REs for DMRS.
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Figure 12. Performance Comparison for different REG bundling size, DS = 1000ns, 2REs for DMRS.
From the above simulation results, we can have
Observation 3: For localized transmission,
· PDCCH performance gain is mainly from beamforming gain rather than diversity gain. Hence using higher REG bundling size such as 6 or 12, will bring performance improvement on channel estimation and PDCCH decoding;

Considering the implementation complexity and associated impact on blind decoding delay requirement, there should be a trade off between REG bundling size and expected performance improvement. Therefore, we can have the following proposal
Proposal 2: REG bundling should be applied for localized transmission with configurable bundling size e.g., 6 or 12REGs; 

3 Multi-beam transmission
For multiple beam operation, especially mm wave or above 6GHz deployment scenario, antenna ports for PDCCH can be selected or constructed by gNB from multi-beams based on beam management mechanism.

To handle possible link failure especially from blockage, multiple beams can be used for PDCCH. A straightforward solution, without increasing UE blind decoding, is to use different beams for different PDCCH candidates for each aggregation level, i.e., PDCCH candidates can be based on specific beams. 

It should be noted that different beams can result in different channel conditions such as delay spread or Doppler frequency shift due to different beams from different TRPS or different beam direction even they are from same TRP. Therefore, joint quasi-co-location relation between DMRS for PDCCH and CSI RS for beams should be defined to help corresponding PDCCH candidate decoding at least for UE specific search space. During initial access stage, it could be possible to use default or predefined QCL assumption. 
Based on the above discussion, we have the following proposal:
Proposal 3: At least beam specific PDCCH candidate should be supported.
· QCL relation between DMRS for PDCCH candidate and CSI RS for specific beam should be configurable at least for UE specific search space
4 Conclusions

In this contribution, single port transmit diversity with REG bundling was evaluated. Multiple beam transmission for PDCCH was also discussed. Based on the discussion and simulation results, we have the following observations and proposals:
Observation 1: For distributed transmission with REG bundling in frequency domain,
· using lower REG bundling size hence finer cycling granularity, precoder cycling can obtain more diversity gain, i.e., the performance curve of BLER vs SNR will have a steeper slope, especially for the case of low Delay spread(hence low frequency selectivity)and in high SNR region, where channel estimation performance can be ensured with lower REG bundling size, e.g.,2 ; 

· using higher REG bundling size such as 3 or 6, channel estimation performance can be improved, , especially for the case of high Delay spread(hence high frequency selectivity)and in low SNR region, where PDCCH performance will be ensured by high aggregation level;
· higher aggregation level will benefit from larger bundling size.
Observation 2: For distributed transmission with REG bundling in time domain,
· using lower REG bundling size hence finer cycling granularity, precoder cycling can obtain more diversity gain, especially for the case of low Delay spread(hence low frequency selectivity)and in high SNR region; 

· using higher REG bundling size such as 3, channel estimation performance can be improved, especially for the case of high Delay spread(hence high frequency selectivity)and in low SNR region;

· higher aggregation level will benefit from larger bundling size.
Observation 3: For localized transmission,
· PDCCH performance gain is mainly from beamforming gain rather than diversity gain. Hence using higher REG bundling size such as 6 or 12, will bring performance improvement on channel estimation and PDCCH decoding.
Proposal 1: Configurable REG bundling size should be supported for distributed transmission.  

Proposal 2: REG bundling should be supported for localized mapping with configurable bundling size, e.g., 6 or 12REGs.
Proposal 3: At least beam specific PDCCH candidate should be supported.

· QCL relation between DMRS for PDCCH candidate and CSI RS for specific beam should be configurable at least for UE specific search space. 
References
[1] R1-1704200, “Transmission schemes of DL control channel”, Huawei, HiSilicon, Spokane, USA, April 3-7, 2017.

[2] R1-1706942, “DMRS for DL control channel”, Huawei, HiSilicon, Hangzhou, China, May 15-19, 2017.

[3] R1-1704204, “Discussion on NR-PDCCH structure”, Huawei, HiSilicon, Spokane, USA, April 3-7, 2017.

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
	1/6 and 1/3

	DMRS Multiplexing
	FDM

	Channel estimation
	MMSE based, PRB bundling if possible

	Number of OFDM symbols for of PDCCH
	1,2,3

	Subcarrier spacing
	15 kHz

	DCI size
	20 and 60 bits + 16 bit CRC

	CCE size
	6 REGs

	Channel coding 
	Polar code

	Aggregation levels
	1, 2, 4, 8

	CSI report
	Wideband rank-1 precoder report with period of 8 ms.  


Appendix
· Performance comparison for REG bundling in frequency domain, DMRS density of 1/3  
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Figure 13. Performance Comparison for different REG bundling size, DS = 30ns, 4REs for DMRS.
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Figure 14. Performance Comparison for different REG bundling size, DS = 300ns, 4REs for DMRS.
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Figure 15. Performance Comparison for different REG bundling size, DS = 1000ns, 4REs for DMRS.
· Performance comparison for REG bundling in time domain, DMRS density of 1/3  
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Figure 16. Performance Comparison for different REG bundling size, DS = 30ns, 4REs for DMRS.
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Figure 17. Performance Comparison for different REG bundling size, DS = 300ns, 4REs for DMRS.
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Figure 18. Performance Comparison for different REG bundling size, DS = 1000ns, 4REs for DMRS.
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