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1. [bookmark: OLE_LINK13][bookmark: OLE_LINK14]Introduction & Background
Regarding the RS design aspects for NR-PDCCH, some agreements were made after RAN1 90bis meeting as follows [1], 
Agreements:
· Support for a UE, configurable ID for PDCCH DMRS at least for the initialization of DMRS sequence/scrambling.
· FFS: whether this is used also for other purpose.
· FFS details including the applicability of configurable ID 

Agreements:
· Confirm the WA: DMRS is evenly distributed within a REG
· DMRS REs are #1, #5, #9

Agreements:
· DMRS sequence is a Gold sequence as in LTE
· Note: in case if new Gold sequence is introduced for NR, this would be revisited
· DMRS sequence for NR-PDCCH is obtained according to a reference point in frequency domain.
· FFS the reference point
Furthermore, for the REG bundle aspects, the agreements from RAN1#90 were as follows,
Agreements:
· Working assumptions are confirmed with the following details.
· For 1/2/3-symbol CORESET, REG bundle size of 6 is supported.
· A REG bundle size is as part of CORESET configuration for a CORESET configured by UE-specific higher-layer signalling.
· FFS: CORESET(s) configured by non UE-specific signaling.
· UE assumes that precoder granularity in frequency domain is equal to the REG bundle size in the frequency domain
· FFS: gNB can inform to the UE whether or not to assume the same precoder over multiple REG bundles.
· Note: more than one CORESET(s) with the UE-specific higher-layer signaling can be configured for the same UE
In this contribution, we discuss the following aspect for NR-PDCCH structure, it is a resubmission contribution from R1-1717483.
· DMRS pattern design for DL control channel (NR-PDCCH) for different CORESET durations, as well as present our view based on link level simulation results on these aspects. 
2. DMRS design for NR-PDCCH
2.1. DMRS pattern for 1-symbol NR-PDCCH
[bookmark: OLE_LINK8][bookmark: OLE_LINK9]It’s agreed that DM-RS density per REG is 1/4 for normal and extended CP. Figure 1 shows the corresponding DMRS pattern in which DMRS is evenly distributed within a REG with DMRS RE index of {#1, #5, #9}. Note that only three REs are used for DMRS transmission within one REG, it seems a little difficult to support two orthogonal DMRS for MU-MIMO whatever in CDM or FDM manner but some special means, such as across REGs. To support two orthogonal DMRS for MU-MIMO, 2-port DM-RS sequences can be multiplexed over the three REs in FDM or CDM manner by OCC (orthogonal cover code) across REGs. For FDM pattern, two REs in REG1 and one RE in adjacent REG (REG2) are used for port 1, while port 2 respectively has one and two DMRS REs in REG1 and REG2. For CDM pattern, OCC will be applied at two adjacent DMRS REs and thus some OCC will cover across two different REGs.
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Figure 1. DMRS patterns for 1-symbol NR-PDCCH considered in simulation
2.2. DMRS pattern for 2-symbol NR-PDCCH
Different alternatives for DMRS design for 2-symbol NR-PDCCH are given in Figure 2 under the assumption that no DMRS shift is applied. Link-level simulations are conducted to make comparison between 2-symbol NR-PDCCH with single port only, 2-symbol NR-PDCCH with frequency-domain or time-domain OCC and 2-symbol NR-PDCCH with FDMed RS between two ports in terms of BLER performance.
 [image: ] 
Figure 2. DMRS patterns for 2-symbol NR-PDCCH considered in simulation
2.3. Results & Observations
The following assumptions are made for simulation.
· It is assumed one REG mapping to a whole PRB, which is consisted of 12 subcarriers and 1 symbol. 
· 24 PRBs are used for NR-PDCCH (Aggregation level = 4) and the bundling size in frequency-domain is 2 REGs.
· CCE size of 6 REGs is assumed.
· Distributed REG-to-CCE mapping
· Single-port precoding cycling are considered in the simulation. 
· Channel model: TDL-C with delay spread of 300ns or 1000ns
For other simulation assumptions, the simulation follows the agreements made in RAN1#88 meeting. Details are provided in the Annex A.
The simulation results are given as follows,
1-symbol NR-PDCCH[image: ]
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Figure 3. Comparing for DMRS patterns of 1-symbol NR-PDCCH
In Figure 3, we can observe that  for NR-PDCCH with 1 OFDM symbol, DMRS design 1/4 density, single port or two orthogonal ports,
· CDM RS outperforms FDM RS when no power boosting is adopted.
· CDM RS for two ports can almost yield the same performance as that of one port
· When delay spread is large, at low SNR region, CDM RS with FD-OCC performs slightly better than that of one port, that’s because at the receiver, average channel estimation within one OCC is calculated which might be benifical to noise suppression.
· 3dB RS power boosting can improve the PDCCH performance
Note: 3dB power boosting is adopted when RS power boosting is assumed.

[bookmark: OLE_LINK15]2-symbol NR-PDCCH
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Figure 4. Performance for 2-symbol NR-PDCCH with different schemes
[bookmark: OLE_LINK16]
As shown in Figure 4, we can observe that under different dealay spread scenarioes, for 2-symbol NR-PDCCH with/without time-domain or frequency-domain OCC or FDM RS with/without power boosting,
· For NR-PDCCH with 2 OFDM symbols, single port transimission without any cover code and two port transmission with time-domain OCC have rather similar performance in all cases.
· For NR-PDCCH with 2 OFDM symbols, single port transimission without any cover code and two port transmission with frequency-domain OCC have similar performance in all cases. More specifically, FD-OCC outperforms no OCC slightly which has the same reasons as that of 1-symbol PDCCH mentioned above.
· FDM RS without power boosting has worst BLER peroformance versus the other two transmission schemes which is easy to understand. Although we use a staggered form RS both in frequency-domain and time-domain, the RS density is reduced and bring bad effects to channel estimation.
· FDM RS outperforms others options when power boosting is adopted. Particularly, about 0.8dB gain is observed when comparing to single port transmission or OCC manner.
However, during the previous meeting discussion, it is concluded that CCE-REG interleaver in a CORESET is based on REG bundles. Thus there are some application limitations for the above MU-MIMO options if multiplexing capacity is two, 
	options
	How to ahcieve MU-MIMO
	Limited application scenarios

	FDM
	The number of REGs within a REG bundle shall be even, e.g., 2, 6. The multiplexing of two UEs can be operated by FDM of the DMRS REs within every two REGs.
	When REG bundle size is 3, orphen RE is occured when multiplexing two UEs between DMRS REs within 3 REGs.

	FD-OCC
	even numbered REGs in the frequency domain within a REG bundle 
	CORESET duration is 2
Or CORESET duration is 3 symbols and REG bundle size is 3, 

	TD-OCC
	CORESET duration is multiple symbols
	CORESET duration is 1-symbol



By considering the above restrictions for each multiplexing scheme, as well as the above simulation results and anaysis, we have the following proposal in order to support multiplexing for all CORESET configurations, e.g., different durations and different bundling sizes.
Proposal: Orthogonal DMRS for MU-MIMO can be considered for NR-PDCCH with different durations.
· For 1-symbol NR-PDCCH, FDM DMRS pattern with RS power boosting can be applied
· For 2/3-symbol NR-PDCCH, CDM DMRS pattern with time-domain OCC can be considered
3. Conclusion
This contribution discusses some considerations on RS design for NR-PDCCH. In summary, proposals are made as follows:
Proposal: Orthogonal DMRS for MU-MIMO can be considered for NR-PDCCH with different durations.
· For 1-symbol NR-PDCCH, FDM DMRS pattern with RS power boosting can be applied
· For 2/3-symbol NR-PDCCH, CDM DMRS pattern with time-domain OCC can be considered.
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Annex A. Simulation assumptions
Table A.1 Link-level simulation assumptions
	Parameter
	Assumption

	Bandwidth
	20 MHz

	Channel model
	For 1-symbol PDCCH: 3 Km/h, TDL-C, 300ns,1000ns

	
	For 2-symbol PDCCH:3/120m/h, TDL-C, 300ns,1000ns

	Channel estimation
	Ideal MMSE

	Resource allocation
	one/ two-OFDM symbol are reserved for CCE mapping

	
	One PRB for one REG

	 Control Channel Payload
	60-bit payload, 16-bit CRC

	Coding scheme
	Polar Code 
Punctured and ordering scheme according to [2]

	Modulation Scheme
	QPSK, Max-log-likehood algorithm

	Subcarrier spacing
	15kHz

	Symbol length
	Normal CP 160Ts + 2048 Ts, Ts =1/30.72us 

	Antenna Model
	2 Tx, 2 Rx

	Transmission scheme
	Precoder cycling, REG bundling size=2

	CCE size
	6 RBs, 72 subcarriers, 1/4 overhead for RS
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