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1. Introduction
At the last RAN1 meeting, further details on NR-PDCCH transmission schemes were discussed and the following agreements on DMRS were reached [1]: 
Agreement:
· DMRS is mapped on all REGs on all the OFDM symbols of a given PDCCH candidate
· The DMRS density is the same on all REGs
In addition, the following agreements were achieved in RAN1#89 meeting:[2]
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

In this contribution, we will discuss the open issues of DMRS pattern and overhead for the one-port transmit diversity scheme. Performance results are also presented comparing different DMRS overheads.
2. Discussion
In the last meeting, the DMRS pattern was extensively discussed.  Baseline simulations in several past meetings were performed with 33% DMRS overhead, which results in 4 DMRS REs per NR-REG. A minimum of 2 REs per REG is required for channel estimation but 4 REs can improve channel estimation is similar to the LTE CRS overhead for 2TX on symbols containing CRS. Furthermore, 33% overhead is attractive as it offers the gNB the flexibility of supporting orthogonal MU-MIMO in a control resource set. We do not foresee that larger DMRS overhead is needed within a PRB as there would be diminishing returns in terms of channel estimation gain whilst reducing the control resource set capacity (for the same bandwidth a smaller number of CCEs would be supported).  Conversely, lower DMRS overhead will introduce additional coding gain but may impact channel estimation performance. Given the agreement that DMRS density is the same on all REGs it is worthwhile to consider a lower DMRS overhead. Here we consider 25% DMRS overhead as a possible alternative to 33%. The different DMRS patterns with different overheads are shown in Figure 1.

[image: image1.emf]Frequency

(a) 33% DMRS overhead

(b) 25% DMRS overhead

T

i

m

e


Figure1: DMRS patterns with different overheads
The evaluation results comparing 25% and 33% DMRS overheads are shown Figure 2. The DMRS REs are present in every REG. Two contiguous REGs constitute one REG bundle and the same precoder is used in each REG bundle. Distributed CCE-to-REG mapping is assumed.  Detailed simulation assumptions are provided in the appendix.
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Figure2: PDCCH performance for different DMRS overheads 
From the above evaluation results, some observations could be obtained as follows:
· For lower aggregation levels, especially for AL 1, 25% DMRS overhead outperforms 33% DMRS overhead. This shows that for high coding rate, coding gain is the dominant factor over improved channel estimation. The benefits of more precise channel estimation harvested from the higher DMRS RE cannot compensate for the deterioration caused by less available REs for DCI. 

· The performance gap between 33% DMRS overhead and 25% DMRS overhead shrinks as the aggregation level increases. At AL8, 33% DMRS overhead outperforms 25% DMRS overhead as the coding gain is marginal and channel estimation improvement now dominates. However, the performance gap between these two DMRS patterns is marginal.  Considering that the performance gap is much more significant at AL1, 25% DMRS overhead is sufficient for the NR-PDCCH.
Proposal1: DMRS overhead with 25% is sufficient for NR-PDCCH.
As agreed in RAN1#88bis meeting, MU-MIMO is supported for NR-PDCCH using at least non-orthogonal DMRS. Whether to support orthogonal DMRS is FFS. If the orthogonal DMRS is also available in order to achieve reliable channel estimation and accurate interference cancellation, CDM could be considered to distinguish different antenna ports for the 25% DMRS overhead. One straightforward method is applying different OCC sequence for different antenna ports. The OCC sequence could be used in frequency domain or time domain (for a CORESET with more than 1 OFDM symbol). Assuming there are two orthogonal antenna port at most for the MU-MIMO, two OCC sequences are needed in order to distinguish different ports.  Considering there are 3 DMRS REs in each NR-REG for 25% DMRS overhead, the frequency OCC could be applied per REG bundle which consists of at least 2 REGs. There are totally 6 DMRS Res within one REG bundle and could form three pairs of 2 REs.  OCC of [1 1] and [1 -1] could be applied over three DMRS pairs  so as to distinguish the antenna ports. Alternatively, time domain OCC could also be possible when the CORESET duration is more than one OFDM symbol. The sequence length corresponds to the CORESET duration. One example is shown in the following figure. If two symbol CORESET is assumed and the relevant OCC sequence could be [1 1] and [1 -1].  If three symbol CORESET is assumed, the OCC sequence length should be aligned with CORESET length, i.e. three. Considering two antenna ports are assumed, two OCC sequences could be selected from 
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Irrespective of orthogonal or non-orthogonal DMRS, the antenna port for a given UE should be specified if MU-MIMO is used. For orthogonal MU-MIMO the associated OCC for each UE could be indicated implicitly or explicitly. For example, the higher layer signaling could indicate whether OCC is applied for one UE and which OCC is applied in order to determine the antenna port. As another method, the associated OCC could be determined based on the lowest NR-CCE index occupied by the NR-PDCCH candidate and UE ID, which is similar to EPDCCH. A downside to these solutions is that it limits gNB flexibility in forming MU-MIMO pairs but this is a byproduct of using MU-MIMO for control channel. 
Proposal2: OCC in time and frequency domain can be used to distinguish antenna ports for MU-MIMO transmission of the NR-PDCCH.
3. Conclusion

In this contribution, we give our evaluation results for different DMRS overhead and analyze the impact on orthogonal MU-MIMO. The following proposal could be achieved:
· Proposal1: DMRS overhead with 25% is sufficient for NR-PDCCH.
· Proposal2: OCC in time and frequency domain can be used to distinguish antenna ports for MU-MIMO transmission of the NR-PDCCH.
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5. Appendix

Table1: Simulation assumptions for DMRS overhead evaluation

	Parameters
	Value

	Carrier frequency
	4GHz

	Subcarrier spacing
	15KHz

	DS Scaling
	1000ns

	Bundle size
	2 REG

	UE speed
	3Km/h

	CCE to REG mapping
	For precoder cycling: Distributed

	DCI size
	60bits+16bits CRC

	Aggregation level
	1, 2, 4, 8

	Number of OFDM symbols
	1

	DMRS density
	1/4, 1/3 

	Control resource set size
	50 RBs

	TXD
	Precoder cycling (REG bundle level)

	Channel estimation
	Practical: MMSE

	Channel model
	TDL-C

	
	

	Antenna configuration
	2 TX 2 RX

	Number of antenna port
	1

	Modulation order
	QPSK

	Channel coding
	TBCC
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