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1. Introduction
Following are some agreements achieved in previous RAN1 meetings that relates to DMRS design for NR-PDCCH [1-2].
	(RAN1 #90bis) Agreement: 

· 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 

(RAN1 #90bis) Agreements: 

· Confirm the WA ‘Re-use NR DL RA Type 0 basis in units of 6 RBs, where no restriction on the maximum number of segments for a given CORESET’ with the following clarifications: 

· This is for the case when the CORESET is configured by at least UE-specific RRC signalling. 

· FFS the RB indexing for resource allocation especially considering interaction with DL BWP 

· Details of resource allocation should take into account the interaction with DL BWP – FFS details 

(RAN1 #90bis) Agreements: 

· For slot-based scheduling;

· Confirm the following working assumption with updates:

· The first DMRS position either on symbol #2 or symbol #3 is configured by PBCH

· Maximum time duration of a CORESET is 2 symbols if the first DMRS position of a PDSCH with slot-based scheduling is on symbol #2, and is 3 symbols otherwise.

· The starting OFDM symbol of a CORESET can be symbol #0, #1, or #2, in a slot.

· However, the ending OFDM symbol of a CORESET is not later than symbol #2 in a slot.

(RAN1 #90bis) Agreements: 

· A UE is RRC signaled an offset between PRB 0 for common PRB indexing and a reference location 

· For DL in Pcell, the reference location is the lowest PRB of the cell-defining SSB 

· For UL in Pcell of paired spectrum, the reference location is the frequency location of the UL indicated in the RMSI 

· For Scell, the reference location is the frequency location indicated in the SCell configuration 

· For SUL, the reference location is the frequency location indicated in the SUL configuration 

· Note: For UL of unpaired spectrum, the reference location is the same with the DL of the unpaired spectrum. 

· Note: the PRB 0 is intended for scrambling initialization, reference point for BWP configuration, etc. 

· The range of offset values should be >276*4, with the detailed values FFS 

(RAN1 NR AH#2) Agreements: 

· Common PRB indexing is supported 

· The indexing is common to all the UEs sharing a wideband CC from network perspective, regardless of whether they are NB, CA, or WB UEs. 

· The indexing is with respect to the reference point 

· The indexing is with respect to a given numerology 

· Note: Example usage of common PRB indexing is for scheduling group common PDSCH, RS sequences, BWP configuration, etc. 

· UE-specific PRB indexing is supported 

· It is indexed per BWP with respect to the configured SCS for the BWP 

· Note: Example usage of UE-specific indexing is for scheduling UE-specific PDSCH


2. Discussion
In LTE, CRS sequence for PDCCH is generated according to the system bandwidth and per symbol basis, while DMRS for EPDCCH is generated according to the system bandwidth and the number of DMRS symbols. In NR, new features are introduced into PDCCH design, including
· The demodulation of NR-PDCCH is based on DMRS
· One or multiple CORESET are configured with each CORESET may or may not span the whole carrier bandwidth
· One or multiple CORESET are configured with each CORESET may span 1/2/3 OFDM symbols
· An UE’s search spaces are located within one or multiple CORESET
· Multiple CORESET can be overlapped in frequency and time for a UE
Thus, the DMRS sequence generation for NR PDCCH should be considered accordingly. 
2.1 Frequency domain
In NR, both common PRB indexing and UE-specific PRB indexing are supported. In our understanding, they both could be considered for DMRS sequence generation of NR-PDCCH. Common PRB indexing means the complete DMRS sequence is generated according to a wideband carrier bandwidth, while UE-specific PRB indexing means the complete DMRS sequence is generated according to UE-specific bandwidth, for example the bandwidth of associated BWP. UE can obtain its DMRS sequence from the complete DMRS sequence generated above according to the positions of search spaces.
Using common PRB indexing could inherently guarantee the same DMRS sequence generated on overlapped part among different CORESET. Moreover, using common PRB indexing could provide more flexibility on CORESET configuration, for example, it could support configuring a CORESET that exceeds the frequency range of the BWP (but limited to the UE bandwidth capability). However, common PRB index is defined with respect to a given fixed numerology. In terms of UE-specific PRB indexing, it is indexed per BWP with respect to a configured SCS for the corresponding BWP. It also allows same DMRS sequence when CORESET overlapping by specific configuration of, for instance, an offset value. In Table 1, we briefly summarize the pros and cons of two PRB indexing methods.
Table 1 Comparison of common PRB indexing and UE-specific PRB indexing
	
	pros
	Cons

	Common PRB indexing
	· Consistent DMRS sequence on overlapped part
· Support CORESET configuration exceeds the frequency range of BWP

· Could avoid repetitious configuration if multiple BWPs of a single UE share the same CORESET
	· Need reinterpret if the numerology of a BWP is different from the given numerology defining common PRB index

	UE-specific PRB indexing
	· Adapt to BWP numerology
	· Need specific design on overlapped part to ensure same DMRS sequence if required
· May lead to repetitious configuration


Based on the above analysis, both common PRB indexing and UE-specific PRB indexing could be supported for CORESET configuration in frequency domain. For a configured CORESET, the type of PRB indexing used for DMRS sequence generation depends on CORESET configuration.
Proposal 1: NR supports both common PRB indexing and UE-specific PRB indexing for DMRS sequence generation of NR-PDCCH. 
Proposal 2: For a given CORESET, the type of PRB indexing used for DMRS sequence generation depends on CORESET configuration.
2.2 Time domain
For slot-based scheduling, the time position of a CORESET could start at symbol #0/#1/#2 and end at no later than symbol #2. To support consistent DMRS sequence on overlapped part considering different time duration, two possible approaches could be considered. The first approach is, a complete DMRS sequence is generated from symbol #0, and based on the maximum value of CORESET duration and a wideband bandwidth (i.e., via common PRB indexing). Then the complete DMRS sequence is truncated according to the actually occupied OFDM symbols and frequency position. The second approach is, DMRS sequence is generated per symbol basis and via either common PRB indexing or UE-specific PRB indexing. The first approach may hold a relative higher complexity since a long sequence should be generated and less flexibility on PRB indexing. Further, for mini-slot based scheduling, the time position of a CORESET could start at any symbol within the slot. If adopting the first approach, generating a 14-symbol long sequence based on common PRB indexing may cause a much higher complexity and also unnecessary overhead for the case with periodicity larger than 1-symbol. Thus, per symbol basis DMRS generation could be considered as a unified solution for slot-based and mini-slot based scheduling.
Proposal 3: DMRS sequence is generated per symbol basis.
2.3 Sequence initialization
In LTE, CRS sequence is initialized with cell ID, slot index, symbol index and CP type. Considering the DMRS sequence is generated per symbol basis, symbol index and slot index should at least be included for sequence initialization. For RMSI PDCCH, cell ID should be used for sequence initialization. For UE-common and UE-specific PDCCH, either cell ID or configured ID could be used for sequence initialization. Using cell ID is easy to implement orthogonal MU-MIMO operation among UEs on no matter overlapped or non-overlapped part of a CORESET. Using configured ID would require special care of the configuration on both overlapped CORESETs and potential UEs via gNB implementations.
3. Conclusions 
In this contribution, we discuss DMRS sequence design for NR PDCCH with following proposals:
Proposal 1: NR supports both common PRB indexing and UE-specific PRB indexing for DMRS sequence generation of NR-PDCCH. 
Proposal 2: For a given CORESET, the type of PRB indexing used for DMRS sequence generation depends on CORESET configuration.
Proposal 3: DMRS sequence is generated per symbol basis.
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