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1 Introduction
In RAN1 #88bis, we reached some agreements on NR PDCCH structure that are related to DMRS design aspects.
Based on agreements, this contribution discusses remaining open issues on NR PDCCH DMRS design.
2 Discussion
UE specific DMRS vs. Shared DMRS
At least for UE-specific CORESET or UE-specific search space, it is straightforward that UE-specific DMRS is introduced. Previously in RAN1, it was agreed that group common PDCCH is transmitted at least for indicating the slot format related information. And also there would be other common channels which are using common search space, e.g., RAR, paging, or SIB transmissions. Those channels should be received reliably by a group of UEs over the whole cell and thus the channel estimation performance should be sufficiently good. If the channel estimation of PDCCH is only based on the UE-specific DMRS inside the corresponding REGs, then the performance may not reach the required channel estimation performance. By defining shared DMRS in some or whole region of a common CORESET, channel estimation performance can be improved by utilizing more DMRS REs. On top of that, share DMRS can be used as the time-frequency tracking as PDCCH DMRS is considered as one candidate for time-frequency tracking in MIMO discussions as shown below.
Agreement on MIMO agenda in RAN1 #88 [2]:
The candidate reference signal for time and frequency tracking for study

· Demod RS for common control resource set or common control search space together with extension in time domain (if introduced)
· CSI-RS

· Consider the enhanced type in both time and frequency domain (if needed)
· Dedicated RS (if introduced)

· DMRS for PBCH (if introduced)
· MRS (if introduced)

· PT-RS

· PSS/SSS
· Note that it doesn’t mean that only one RS can serve tracking for time and frequency

Proposal 1: Shared DMRS is supported at least for common control resource set.
DMRS patterns
As agreed in RAN1 #88bis, One-port transmit diversity scheme with REG bundling per CCE is used for NR-PDCCH. Therefore, each REG can have only one port DMRS when tx diversity is configured. However, it was also agreed that MU-MIMO is supported in NR. If there is DMRS for only one antenna port in a REG, then there could be large interference in the DMRS REs from the other UEs that are multiplexed in the same resource by MU-MIMO operation. Thus, it is desirable to have DMRS for 2 antenna ports if MU-MIMO is configured. 

Assuming that there can be at most 2 antenna ports DMRS in a REG, 2 REs are sufficient for the DMRS of a single antenna port as shown in Figure 1-(3). Then for the case of 1 antenna port is configured for a UE, there can be two possible candidates for the DMRS pattern. First one is to keep the DMRS density per antenna port as shown in Figure 1-(1). In this case, we can get additional coding gain for the PDCCH decoding while keeping reasonable channel estimation performance. The other candidate is to keep the DMRS density per REG as shown in Figure 1-(2). In this case, the PDCCH would have same design regardless of the number of antenna ports is 1 or 2. And the channel estimation performance may be increased as well.
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Figure 1. Examples of NR PDCCH DMRS


Proposal 2
· For 2 antenna port support, 4 REs are assumed for DMRS in a REG
· For 1 antenna port support, FSS between 2 RES and 4 REs for DMRS in a REG

DMRS overhead reduction
In case that the PDCCH is transmitted using multiple OFDM symbols, it is desirable to reduce DMRS overhead by locating the REGs of multiple OFDM symbols in the same frequency positions. If REGs are aligned in frequency domain, DMRS can be transmitted just in REGs in one single OFDM symbol and the REGs in the other OFDM symbols can reuse the DMRS of the neighboring REGs for channel estimation. The first OFDM symbol is adequate one for DMRS transmission considering PDCCH decoding latency reduction.
There are two potential options to realize the DMRS overhead reduction. First option is to utilize time-first and frequency-second mapping between REG and NR CCE. In this option, CCE consists of REGs in multiple OFDM symbols and DMRS is transmitted only in the REGs of the first OFDM symbol of the CCE, as shown in Figure 2-(a).  The other option is by using symbol aggregation for PDCCH whose aggregation level higher than one. Regardless of whether time-first mapping or frequency first mapping is used for REG to NR CCE mapping, if the gNB chooses aggregation level higher than one, CCEs are located in the same position of the frequency domain. In this case, DMRS is only transmitted in the CCE which is located in the first symbols of the PDCCH, and remaining CCEs do not transmit DMRS.
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Figure 2. DMRS overhead reduction options

Performance evaluation

We performed the link level simulation comparing BLER results with and without DMRS reduction scheme. Here the time-first REG to NR-CCE mapping is used, as given in Figure 2-(a).  Figure 3 shows the BLER results for various DMRS options and various aggregation levels depending on number of OFDM symbols for PDCCH. Detailed evaluation assumptions are provided in the Annex section. 
From Figure 3, it can be seen that DMRS reduction scheme shows benefits in low aggregation level PDCCHs. This is because the code rate is very high with low aggregation level, e.g., 0.79 for AL-1 of 2 OFDM symbol case. So the effective reduction of code rate by having reduced DMRS overhead is sufficiently large, which provides significant coding gain which is larger than the channel estimation performance loss by reducing DMRS density. However, as the aggregation level gets higher, it is shown that DMRS reduction scheme cannot provide any benefits and it is even worse than no DMRS reduction scheme. This is interpreted that the PDCCH with high aggregation level already has sufficiently low code rate so the additional coding gain by reducing DMRS overhead will not be so significant. And also the SNR of interest for the high aggregation level PDCCH is comparatively low so the basic channel estimation performance gets worse. So the DMRS overhead reduction in this case gives even larger degradation of the channel estimation performance. 
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Figure 3. Link level evaluation results for different DMRS options

Observation: DMRS reduction scheme is beneficial for the PDCCH with low aggregation level
3 Conclusion 

In this contribution, we presented our views on DMRS design for PDCCH. Based on the discussion we draw the following proposals:
Proposal 1: Shared DMRS is supported at least for common control resource set.

Proposal 2
· For 2 antenna port support, 4 REs are assumed for DMRS in a REG

· For 1 antenna port support, FSS between 2 RES and 4 REs for DMRS in a REG

Observation: DMRS reduction scheme is beneficial for the PDCCH with low aggregation level
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Annex. Evaluation assumption

	Parameters
	Value

	Channel model
	TDL-A,  Delay scaling: 300ns

	UE speed [kmph]
	3

	Channel coding
	TBCC 

	Number of gNB transmit antennas
	2

	Number of UE receive antennas
	2

	Numerology [KHz]
	15

	System bandwidth [MHz]
	20

	DCI payload size [Bits]
	60

	Number of control symbols
	2, 3

	Number of REGs/CCE
	6

	REG bundling
	In time domain for no DMRS reduction case

	Aggregation levels
	1, 2, 4 and 8

	Transmission scheme
	REGB level precoder cycling

	Channel estimation
	MMSE


Working assumption:


One-port transmit diversity scheme with REG bundling per CCE is used for NR-PDCCH


FFS the bundling size


FFS: REG bundling is also for localized mapping in time and/or frequency-domain


Companies are encouraged to provide evaluation results for 10 MHz and 20 MHz for larger aggregation levels and 5 MHz and 10 MHz for smaller aggregation levels





Agreements


MU-MIMO is supported NR-PDCCH using at least non-orthogonal DMRS.


FFS: orthogonal DMRS for UE-specific NR-PDCCH





Agreement:


NR-PDCCH can be mapped contiguously or non-contiguously in frequency with localized or distributed mapping of REGs to a CCE (in the physical domain)


Note: The number of contiguous REGs in the CCE needs further discussion. 


Note: Localized/distributed mapping can be achieved without/with interleaving.





Agreements:


A CCE may be mapped to REGs with interleaved or non-interleaved REG indices within a CORESET


Definition of a REG bundle: The UE may assume that the same precoder is used for the REGs in a REG bundle and that the REGs in a REG bundle are contiguous in frequency and/or time 


REG bundling per CCE is supported for NR-PDCCH


FFS: Whether this applies to common search space


FFS: Whether all REGs have DMRS or not


FFS: Whether wideband precoding is supported and the definition of a REG bundle if it is supported


FFS: whether REG bundle size is different for mapping of NR-PDCCH with or without interleaved mapping of CCE to REGs 


FFS on REG bundle size


FFS whether REG bundle size is configurable





Working assumption:


A NR-CCE is defined as 6 REGs


Candidate bundle sizes for distributed REG-to-CCE mapping: 2 or 3 REGs if NR-CCE is defined as 6 REGs


FFS: impact of the NR-CCE definition on CORESET size, CCE aggregation levels, data resource allocation granularity, etc.
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