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1. Introduction
In previous meeting, following agreements were made;

Agreements:
· NR-PDCCH can be mapped contiguously or non-contiguously in frequency

· The following may be considered to achieve the above (in the physical domain)

· Option 1: Localized or distributed mapping of REGs to a CCE.

· Option 2: Localized mapping of REGs to a CCE. Localized or distributed mapping of CCEs when multiple CCEs are needed for an NR-PDCCH

· Down-selection between Opt 1 and Opt 2 should be further discussed

· Companies are encouraged to perform evaluations considering aspects such as channel estimation, frequency diversity, impact of resource reuse for NR-PDSCH, etc., especially for one CCE case
Agreements:
· FFS details of mapping of NR-PDCCH in time and frequency, considering the following options:
· Frequency first mapping of REGs to CCEs, frequency first mapping of CCEs to search space candidate
· Time first mapping of REGs to CCEs, time first mapping of CCEs to search space candidate
· Frequency first mapping of REGs to CCEs, time first mapping of CCEs to search space candidate
· Time first mapping of REGs to CCEs, frequency first mapping of CCEs to search space candidate
· Down-selection should be discussed, including of the number of supported option(s)
In this contribution, we discuss REG-to-CCE mapping and CCE-to-PDCCH mapping. In addition, the reference signal for NR-PDCCH is discussed.
2. Discussions 
2.1. Control resource mapping 
In case of PDCCH and EPDCCH, DL control information was designed to be distributed over multiple distributed PRBs to obtain frequency diversity gain as well as interference diversity gain. In addition, localized EPDCCH which is transmitted on one or more consecutive PRB(s) using its own UE-specific DMRS was also designed, and this type of EPDCCH is supposed to maximally achieve beamforming gain. With the similar principles, localized and distributed resource mapping can also be considered in the design of NR-PDCCH. 
Distinction between localized and distributed should be considered in both time and frequency domain. For example, with localized resource mapping, it can be restricted to one OFDM symbol, or it can be applied to the entire time domain control resources depending on the size of control resource set in time domain. Generally, to reduce DM-RS overhead, and allow DM-RS sharing among different REGs in a PRB, our general preference is to assume that both time and frequency are localized if localized resource mapping is used. In terms of distributed resource mapping, control information can be spread evenly in a control resource set. 

The principle of localized transmission is to place a NR-PDCCH in consecutive PRBs such that frequency-selective scheduling and beamforming can be applied. On the other hand, distributed transmission is to achieve frequency diversity gain by distributing a NR-PDCCH over frequency range. For the mapping, we can see generally the following options are possible;
(1) REG indexing is determined regardless of localized or distributed mapping. One example of REG indexing is to map REGs in PRB index order (i.e., small PRB index has lower REG index). Then, CCE can consist of consecutive REGs in localized mapping, and can consist of non-consecutive REGs in distributed mapping. 

(2) REG indexing is done differently depending on localized or distributed mapping. In localized, REG index follows PRB index order, and in distributed mapping, REG index can be interlaced among the control resource in frequency domain. After REG mapping, CCE can consist of consecutive REG indices. 

(3) REG indexing is determined regardless of localized or distributed mapping, and CCE can consist of consecutive REGs. For localized mapping, a PDCCH can consist of consecutive CCEs which will be contiguous in frequency domain within a control resource set, and for distributed mapping, a PDCCH can consist of non-consecutive CCEs which can be distributed in frequency domain. 

Figure 1 shows example of different mapping. In terms of final mapping, the first and second approach may lead similar results whereas the third option does not provide any frequency diversity for AL1 case. 
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Figure 1. Illustration of different options
For each mechanism, it needs to be clarified how the mapping can be expanded to multiple OFDM symbols as there could be one or multiple OFDM symbols in control region. As discussed earlier, some mechanisms to reduce DM-RS overhead by putting one UE per PRB needs to be considered. When this is considered, the mapping in multiple symbols can be expanded as follows for each option listed in the above. 
(1) REG indexing is determined regardless of localized or distributed mapping. Given multiple OFDM symbols, REG index increases in time domain first and then increases in frequency domain. A CCE can consist of consecutive REGs in localized mapping, and CCE can consist of non-consecutive REGs in distributed mapping. If it is desirable to allocate REGs in the same PRB even in distributed mapping (which could allow more efficient control and data multiplexing), in distributed mapping, REGs are selected which includes consecutive REGs in time but non-consecutive REGs in frequency domain. 

(2) REG indexing is done differently depending on localized or distributed mapping. Similar mapping to (1) can be considered. 

(3) REG indexing is determined regardless of localized or distributed mapping as in (1), and CCE can consist of consecutive REGs. For localized mapping, a PDCCH can consist of consecutive CCEs in frequency domain, and for distributed mapping, a PDCCH can consist of non-consecutive CCEs in frequency domain. 

Figure 2 illustrates examples for first and third options. 

 [image: image2.emf]0 2 4 6 8

1

0

1

2

1

4

1

6

1

8

t

f

1 3 5 7 9

1

1

1

3

1

5

1

7

1

9

N

Localized

(a) Different REG-to-CCE mapping for localized and distributed (option 1)
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(b) Different CCE-to-PDCCH mapping for localized and distributed (option 3)
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Figure 2. Illustration of Multiple OFDM symbol case

As discussed, the localized/distributed resource mapping can be applied to not only REG-to-CCE mapping but also CCE-to-PDCCH mapping. In our perspective, for simple description and operation, it is desirable to select a procedure on which distributed resource mapping is applied. Because a distributed REG-to-CCE mapping can acquire frequency diversity gain even on candidates with aggregation level 1, our preference is localized/distributed REG-to-CCE mapping and localized CCE-to-PDCCH mapping (i.e., first option listed in the figure 1 and 2). Figure 3 shows a simple simulation result for comparing localized and distributed REG-to-CCE mapping in AL1 candidate case. In this simulation, we assume SFBC and 1 port RB level precoder cycling as a transmit diversity scheme and ideal channel estimation. Detailed simulation parameters are listed in appendix. As shown in the result, distributed REG-to-CCE mapping has better performance than localized mapping in one CCE case. Therefore, it is desirable to support localized and distributed REG-to-CCE mapping.
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Figure 3. Performance of localized/distributed resource mapping (aggregation level 1)
Proposal 1: Support both localized and distributed resource mapping for REG-to-CCE mapping. When localized resource mapping is considered, localization in both time and frequency is desired.

2.2. Reference signal
Determination of RS type
There are two types of DM-RS considered for NR control channel. As mentioned in previous agreement, a UE-specific DM-RS for control channel reception is used for beamforming, and UE may assume same precoding operation for NR-PDCCH and associated DM-RS. On the other hand, a shared RS means multiple NR-PDCCHs can share channel estimates by shared RS in a PRB, and it is used for transmit diversity scheme (which is used when channel knowledge is inaccurate) and/or common control signaling (which is transmitted to multiple UEs). Therefore, a UE can determine a type of RS according to resource mapping (localized/distributed), transmission scheme (transmit diversity/dedicated beamforming), and/or control resource set (if control resource set-specific RS type is supported). 
Proposal 2: RS type is tightly related to transmission scheme, and transmission scheme can be defined at least per control resource set. 

RS for radio link monitoring 

In LTE, radio link failure (RLF) can be declared depending on PDCCH performance, and a UE can estimate PDCCH decoding performance using measurement with cell-specific RS. The radio link monitoring (RLM) procedure is also necessary in NR, and it needs to define how to measure the control channel decoding performance. At least for the single beam operation, following options can be considered for the measurement;
Option 1) using CSI-RS port(s) in data region
A gNB can configure a CSI-RS port(s) which can be used for estimating control channel performance. Whether the same CSI-RS as in CSI feedback frame can be reused for this purpose or not may need further discussion. Nonetheless, if CSI-RS is used for RLM, it needs to be transmitted periodically and can be shared among multiple UEs. 
Option 2) using secondary synchronization signal

It is possible to use SSS for RLM, but it cannot guarantee exact control performance estimation if the number of SSS ports is differ from the number of RS ports for control channel demodulation. Furthermore, whether SSS periodicity is sufficient requires further study if this option is considered. 
Option 3) using fixed additional RS on control region

For RLM procedure, fixed additional RS could be introduced. This RS is always-on signal for stable measurement, and periodicity on time domain can be applied to decrease RS overhead. On the slots including this RS, the RS can be used for NR-PDCCH demodulation, and the transmission scheme of control channel can be restricted to transmit diversity scheme. 
Proposal 3: The reference signal for radio link monitoring should be discussed.
3. Conclusion
In this contribution, we discuss some issues on DL control channel design, and followings are proposed;
Proposal 1: Support both localized and distributed resource mapping for REG-to-CCE mapping. When localized resource mapping is considered, localization in both time and frequency is desired.
Proposal 2: RS type is tightly related to transmission scheme, and transmission scheme can be defined at least per control resource set. 
Proposal 3: The reference signal for radio link monitoring should be discussed.
Appendix

Table 1. Simulation Parameters

	Parameters
	Values

	Carrier Frequency
	4GHz

	System Bandwidth
	20MHz

	Subcarrier spacing
	15kHz

	Channel coding
	TBCC

	DCI size
	36 (including 16bit CRC)

	Channel type
	TDL-C

	RMS delay spread
	30ns

	Modulation order
	QPSK

	CCE Aggregation level
	AL 1

	Number of Antenna port
	2APs for SFBC, 1AP for precoder cycling

	Channel estimation
	Ideal CE

	Allocation mode
	Distributed and localized mode

	Transmission scheme
	SFBC and precoder cycling

	Number of control channel symbol 
	1 OFDM symbol
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