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Introduction
At RAN1#88 meeting [1], it was agreed that:
· 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
At RAN1#87 meeting [2], it was agreed that:
· The time/frequency resource containing at least one search space is obtained from MIB/system information/implicitly derived from initial access information
Note that this contribution is updated from our previous contribution in RAN188bis [4]. There was a misalignment in the simulation assumption between narrow-band and wide-band channel estimation in [4]. We aligned the simulation assumption this time and regenerated the simulation results. This update leads to a small shrink in the gap between the PDCCH performance using narrowband RS and wide-band RS.
Discussion
For NR DL control, there can be two design options regarding PDCCH-DMRS placement:
· [Option 1] DMRS for PDCCH is self-contained within the actually PDCCH transmission
· [Option 2] DMRS for PDCCH span the entire control resource set (CORESET) BW whenever there is PDCCH transmission

While option 1 has the clear advantage of allowing the multiplexing of control messages with different beamforming directions, option 2 yields better channel estimation performance and at the same time induce more overhead and restrict the multiplexing of messages with different beamforming directions. The pros and cons for both options are summarized in Table 1.

[bookmark: _Ref478118841]Table 1: Pros and Cons of wideband RS and narrowband RS
	DMRS for DL control
	Pros
	Cons

	[Option 1] DMRS for PDCCH is self-contained within the actually PDCCH transmission
	Allow flexible multiplexing of PDCCH transmissions with different beamforming directions. 
	Worse channel estimation performance 

REG bundle size needs to strike the right balance between channel estimation performance and frequency diversity

	[Option 2] DMRS for PDCCH span the entire CORESET BW whenever there is PDCCH transmission
	Better channel estimation performance

REGs within a CCE/PDCCH can be fully distributed to harvest the maximum frequency diversity

	More DMRS overhead
Hinder the multiplexing of PDCCHs with different beamforming directions within a CORESET 



In order to quantify the comparison of option 1 and option 2, we conduct extensive simulations with the parameters suggested in the previous RAN1#88 meeting [1], which are listed in Table 2. The difference in the simulation setup for Option 1 and Option 2 are summarized in Table 3.

[bookmark: _Ref478121817]Table 2: Simulation setup
	Parameter
	Value

	Channel profile
	TDL-C 300ns, 1000ns

	Number of BTS antennas
	2

	Number of UE antennas
	2

	Number of REGs(containing RS) for each CCE
	6 REGs (1 REG = 1PRB in a single OFDM symbol)

	Number of symbols
	1

	subcarrier spacing
	15KHz

	CORESET BW
	17.28MHz
1152 REs = 12*6*16 REs (can accommodate two AL8)

	RS overhead
	1/3

	Coding
	TBCC list=1

	Transmission scheme[footnoteRef:2] [2:  Note that precoder cycling does not apply to Option 2 as wideband channel estimation demands uniform/continuous precoding within the entire CORESET; We did not show precoder cycling result for Option 1 as the study in [2] reveals that it is inferior to SCDD.] 

	SCDD (Small-delay cyclic delay diversity) with cyclic delay of 800ns
and SFBC
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	Parameter
	Option1: Narrowband RS
	Option2: Wideband RS

	Channel Estimation Algorithm
	Narrow band channel estimation, with the bundle size equal to the minimum resource allocation unit
	Channel estimation across the entire CORESET BW;

	minimum resource allocation unit
	6 REGs[footnoteRef:3] (1REG = 1PRB in a single OFDM symbol) [3:  The study in [2] reveals that REG bundle size of 6 yields better/comparable performance compared with bundle size of 1, 2, and 3 at the expense of channel estimation complexity. For ease of comparison, here we only assume REG bundle size of 6 for narrowband channel estimation.] 

	1 REG

	Filtering
	One-shot channel estimation
(no filtering)
	One-shot channel estimation
(no filtering)

	Search Space
	Distributed search space (the minimum resource allocation units for each aggregation level are equally spread within the entire 17.28MHz CORESET)



The results for the comparison of narrowband RS and wideband RS can be found in the Appendix. The following observations can be made based on the results.
Observation 1: Wideband RS that spans the entire CORESET leads to 1~2dB gain in the PDCCH demodulation performance, compared with narrow-band RS, with the exact gap depending on channel model and narrowband bundle size. 
On the one hand, wideband RS leads to improved link budget, which is essential for the transmission of common control messages, especially the ones related to initial access or paging. On the other hand, wideband RS restricts the multiplexing of PDCCH transmissions for different beamforming directions, and thus is not desirable to use for the transmission of UE-specific control messages especially when beamforming information for different UEs are available. Therefore, both configuration should be allowed depending on the use case. For example, in UE-specific control where beamforming information is available, UE-specific DMRS can be used together with UE-specific beamforming to achieve better spectrum efficiency; in Common control where link-budget/cell-radius is a big concern, wideband RS should be configured.
Based on the above discussion, we make the following proposal
Proposal: 
· CORESET can be configured with either wideband RS, or narrowband UE-specific RS.
· Wideband RS refers to the case when DMRS for PDCCH span the entire CORESET BW with the same precoding whenever there is PDCCH transmission.
· In the CORESET configured by MIB/SI, wideband RS is used.
Conclusions 
Observation 1: Wideband RS that spans the entire CORESET leads to 1~2dB gain in the PDCCH demodulation performance, compared with narrow-band RS, with the exact gap depending on channel model and narrowband bundle size. 
Proposal: 
· CORESET can be configured with either wideband RS, or narrowband UE-specific RS.
· Wideband RS refers to the case when DMRS for PDCCH span the entire CORESET BW with the same precoding whenever there is PDCCH transmission.
· In the CORESET configured by MIB/SI, wideband RS is used.
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[bookmark: _Ref479021204]Figure 1 DCI=20+CRC16  TDL-C 30ns  [SCDD]
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[bookmark: _Ref479021215]Figure 2 DCI=20+CRC16  TDL-C 30ns  [SFBC]


DCI=20+CRC16  TDL-C 300ns 
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[bookmark: _Ref479021219]Figure 3 DCI=20+CRC16  TDL-C 300ns  [SCDD]
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[bookmark: _Ref479021223]Figure 4 DCI=20+CRC16  TDL-C 300ns  [SFBC]


DCI=20+CRC16  TDL-C 1000ns 
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[bookmark: _Ref479021226]Figure 5 DCI=20+CRC16  TDL-C 1000ns  [SCDD]
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[bookmark: _Ref479021229]Figure 6 DCI=20+CRC16  TDL-C 1000ns  [SFBC]
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