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1. [bookmark: _Ref449341288][bookmark: _Toc273549427]Introduction
In the last RAN1 meeting, some conclusions were reached about the DL control channel design [1]:
Agreements:
· Confirm working assumption:
· One-port transmit diversity scheme with REG bundling per CCE is used for NR-PDCCH
· FFS: DMRS RE overhead for the REG transmitting DMRS is 1/3
· FFS on DMRS pattern
Agreements:
· In time domain, a CORESET can be configured with one or a set of contiguous OFDM symbols
·  The configuration can indicate the starting OFDM symbol and time duration
· A CORESET is configured with only one CCE-to-REG mapping
Working assumptions:
· For a time-duration of a CORESET:
· Support 1-3 OFDM symbol as time duration for a CORESET on the NR carrier with less than or equal to X PRBs
· Support 1-2 OFDM symbol as time duration for a CORESET on the NR carrier with wider than X PRBs
· FFS: X values
· FFS: Other time duration
· FFS: Relationship of a first PDSCH DMRS symbol with one or more symbols of a CORESET for slot-based scheduling
· FFS: restriction in the certain conditions
In this contribution, we give our views on DMRS sequence and DMRS density of NR-PDCCH. Simulation results are provided for DMRS density selection. We also discuss DMRS structure for CORESETs with more than 1 symbol.
2. DMRS sequence for NR-PDCCH
1. 
1. 
2. 
In LTE, CRS sequence for PDCCH is generated according to the system bandwidth and DMRS for ePDCCH is generated according to the system bandwidth and the number of DMRS symbols during one PRB. In NR, new requirements are introduced. One DCI message is located within one control resource set [2]. UEs with different bandwidth capabilities can access the same NR carrier regardless of the NR carrier bandwidth. The maximum interleaving region for NR PDCCH may be one control resource set [3]. The generation of DMRS sequence for NR PDCCH should be considered accordingly. 
Following possible approaches for NR PDCCH DMRS sequence generation could be considered:
· DMRS sequence is generated according to the system bandwidth.
· DMRS sequence is generated according to the bandwidth corresponding to one CORESET.
· DMRS sequence is generated according to the UE bandwidth.
Comparing the above approaches, all of them can make non-orthogonal or orthogonal MU for UEs with the same bandwidth. Only the first one, i.e. DMRS sequence for NR PDCCH is generated according to the system bandwidth, is benefit for MU between UEs with different bandwidth. It also support CoMP between gNBs with different bandwidth. As a result, we propose DMRS sequence for NR PDCCH is generated according to the system bandwidth should be supported for NR PDCCH. PN sequence is still a good choice for this DMRS sequence. Further, similar to DMRS for ePDCCH, DMRS sequence generation for NR PDCCH is also related to the duration of control region. However, different CORESET may be with different duration. A maximum duration should be defined for NR PDCCH DMRS sequence generation such as maximum CORESET duration, according to which DMRS sequence is generated. One example for NR PDCCH DMRS sequence generation is showing in the following Figure1. 


Figure1. One example for DMRS sequence generation
In Figure1, DMRS sequence is generated according to the system bandwidth and the maximum CORESET duration. In sequence generation, we assume DMRS RE is in every symbol during the maximum CORESET duration. In another way, DMRS sequence is generated according to the maximum CORESET duration and truncated according the transmitting OFDM symbols. Then, UE can obtain its DMRS sequence from the above DMRS sequence according to the resource transmitting this DCI.
Besides, since non-orthogonal DMRS for MU-MIMO is supported for NR-PDCCH, interference cancellation gets necessary for NR-PDCCH. Thus, the scrambling parameter of PN sequence for NR PDCCH DMRS should be configured other than UE RNTI. The configured scrambling parameter of 1 UE can be used to implicitly derive other paired UE’s scrambling parameter for interference cancellation. This will allow better MU-MIMO operation.
Proposal 1: NR PDCCH DMRS sequence is generated according to the system bandwidth and the maximum CORESET duration. 
· PN sequence can be the NR PDCCH DMRS sequence.
· The scrambling parameter of PN sequence for NR PDCCH DMRS should be configured for MU-MIMO user pairing.
3. DMRS structure for NR-PDCCH
NR-PDCCH will support different of number of OFDM symbols for CORESET. However, the 1-symbol CORESET will only have frequency bundling. The processing mechanism for that requires performing channel estimation and demodulation in around one OFDM symbol duration. The DMRS structure for 1-symbol CORESET can be studied first, especially for DMRS density. For more than 1-symbol CORESET, we should study structure together with consideration to fully utilized the multiple OFDM symbols.
1. AAAAAAAAAA
4. 
5. 
1 
2 
3 
DMRS density for 1-symbol CORESET
The bundle size of localized mapping was concluded from 6 REGs. In the companion contribution [5], we gave the evaluation of bundle size with different aggregation level. The DMRS density is still left open due to more careful consideration on overhead/performance. We compare the performance of different DMRS density to identify the preferred value of DMRS density for 1-symbol CORESET.
The evaluation of DMRS density can use 6 REGs for comparison between different RS overhead.  At least it is generic to assume that bundle size for localized mapping.
We prepare the following cases:
Case 1-1: 1-symbol CORESET with different DMRS density with fixed bundle size of 6 REG, mapping schemes are localized.   
Case 1-2: 1-symbol CORESET with different DMRS density and bundle sizes, mapping schemes are distributed.
Other simulation parameters are listed in Table A-1 in Appendix 1.
Simulation results of 60+16(CRC) are shown in the following where the ‘ALi_jRS’ represent ‘AL i(i=1/2/4/8) with j DMRS REs per REG’.
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(a) Delay spread = 30ns
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(b) Delay spread = 300ns
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(c) Delay spread = 1000ns
[bookmark: OLE_LINK2]Figure2. Close loop rank 1 transmission with different RS overhead
From Figure2 we find that 1/6 overhead outperforms others at AL=1. For other ALs, the performance is very similar. 
Low DMRS overhead has higher performance gain than that with high DMRS overhead. It is due to that low DMRS overhead leads to lower coding rate. Low RS density impacts more for the PDCCH with lower AL, since its coding rate is high and more sensitive to the less number of REs used for PDCCH.
As the bundle size has not been reached for distributed mapping scheme, we compared RS density in different bundle sizes. Results are in Figure3.
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[bookmark: OLE_LINK11](a)Delay spread = 30ns, bundle size = 2
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(b)Delay spread = 30ns, bundle size = 3
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(c)Delay spread = 30ns, bundle size = 6
Figure3. Precoder cycling transmission with different RS overhead
From Figure3 we can also find that larger payload size with 2RS per REG show better performance at AL=1. Performance is similar for other ALs. 
Other performance comparison for of 300ns and 1000ns DS are shown in FigureA-2. From there we also find that in some cases 2 RS REs per REG does not show good performance. In FigureA-2 (b) and (e), 3 RS REs per REG show 1dB gain at AL=8. Larger AL have higher possibility to select larger bundle size. We can also see that 3RS per REG and 2 RS per REG show similar performance if bundle size is 6.  So, that performance loss can be avoided by configure bundle size 6.
[bookmark: OLE_LINK3]Observation 1: 2 RS REs per REG shows better performance for large payload size at AL1. Most of practical cases, other densities of RS REs do not outperform density of 2 RS REs. This trend is consistent for both localized and distributed mapping.
[bookmark: OLE_LINK4]Proposal 2:  2 RS REs per REG should be supported as the DMRS density for 1-symbol CORESET.
DMRS density for CORESET with multiple symbols
With a given DMRS overhead in a CORESET and than 1-symbol, there is more variation on DMRS structure. We consider 2 alternative schemes basically. One is that all DMRS are located in the first OFDM symbol. The second is that DMRS are allocated in multiple OFDM symbols.  The pros and cons are listed in the following Table1.
Table1. Comparison of alternatives for DMRS over CORESET with multiple symbols
	
	Pros 
	Cons

	Alt 1
	1)Pipeline operation
2)Simple design
	1)Can’t reach equal power boosting

	Alt 2
	1)Possible to realize equal power boosting depending on the number of DMRS and CORESET duration
	1)Complex design maybe introduced
2)Large process delay


We don’t look the power boosting of DMRS as a big issue as this may not be equally applied in other channel, e.g. PDSCH. Also, considering alt 2 may impact by higher complexity mapping scheme, it is not preferred
 Proposal 3: It is preferred that front loaded DMRS is applied in a CORESET with multiple symbols.
4. Conclusion
Based on the analysis given above, we have the following proposals:
Proposal 1: NR PDCCH DMRS sequence is generated according to the system bandwidth and the maximum CORESET duration. 
· PN sequence can be the NR PDCCH DMRS sequence.
· The scrambling parameter of PN sequence for NR PDCCH DMRS should be configured for MU-MIMO user pairing.
Observation 1: 2 RS REs per REG shows better performance for large payload size at AL1. Most of practical cases, other densities of RS REs do not outperform density of 2 RS REs. This trend is consistent for both localized and distributed mapping.
Proposal 2:  2 RS REs per REG should be supported as the DMRS density for 1-symbol CORESET.
Proposal 3: It is preferred that front loaded DMRS is applied in a CORESET with multiple symbols.
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6. Appendix 
6.1. Appendix 1
[bookmark: OLE_LINK5]Table A-1 Simulation Assumptions of case 1-2
	Item 
	Value 
	Note 

	Channel 
	TDL-A
DS = 30ns,300ns 1000ns
Speed = 3kmph
	

	Antenna 
	2*2
	

	Frequency
	4GHz
	

	Numerology 
	BW = 10MHz(50RB)
SCS = 15kHz
	

	DMRS overhead
	1/6,1/4,1/3
	2,3,4 RS per REG

	Aggregation level
	1,2,4,8
	

	CCE size
	6 REGs per CCE
	

	Bundle size
	6 REGs(1 CCE)
	

	Payload size
	60+16(CRC)
	

	Transmit scheme
	(1) Precoder cycling;
(2) close loop rank 1 transmission
	Precoder cycling for distributed mapping
Close loop rank 1 transmission for localized mapping

	Mapping scheme
	(1) Localized
(2)Distributed
	

	CORESET duration
	1 OFDM symbols
	

	Coding
	TBCC
	

	Channel estimation 
	MMSE
	



6.2. Appendix 2
[image: ]
(a) Delay spread = 300ns,bundle size = 2
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(b) Delay spread = 300ns,bundle size = 3
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(c) Delay spread = 300ns,bundle size = 6
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(d) Delay spread = 1000ns,bundle size = 2
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(e) Delay spread = 1000ns,bundle size = 3
[image: ]
(f) Delay spread = 1000ns,bundle size = 6
[bookmark: OLE_LINK10]Figure A-1 Performance comparison with different DMRS density for certain bundle size
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