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1 Introduction

In the last meeting, most aspects of the NR-PDCCH structure were finalized. Regarding the DMRS design the following agreements were reached [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.

· 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

This contribution addresses the remaining details on NR-PDCCH structure including how to generate the DMRS sequence used for NR-PDCCH and whether or not to support MU-MIMO. 
2 Discussion
2.1 DMRS sequence generation 
As agreed in the RAN1#90bis meeting, PDCCH DMRS sequence is a Gold sequence as in LTE. Recall that in LTE the initialization of the DMRS sequence, targeted inter-cell randomization of interference from neighboring cells. Similar design should be supported in NR where the physical cell ID and the slot index could be reused. Considering that at least non-orthogonal MU-MIMO is supported in NR, a scrambling ID can also be used to enable non-orthogonal MU-MIMO. This is similar to LTE, where a scrambling ID, nSCID, is used for PDSCH DMRS sequence on antenna ports 7 and 8. The number of configurable ID depends on the PDCCH capacity pursued and the maximum number of layers available for orthogonal MU-MIMO. Given that the beam-specific transmission could introduce more spatial diversity, we think 2 scrambling IDs are sufficient for the initialization of DMRS for NR-PDCCH. On the basis of the aforementioned analysis, the following formula could be used for the initialization of DMRS:
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Where nslot denotes the slot index, nID denotes the number of cell ID which ranges 0 to 1007 and nSCID denotes the scrambling ID that at most 4 values, e.g. 0,1,2,3, could be configured.

Proposal 1: The DMRS sequence should be initialized based on the slot index, physical cell ID and scrambling ID. 

In LTE, the DMRS sequence is generated on the basis of the supported maximum bandwidth, i.e. 110 PRBs. As the BWP could be configured per UE, there may be different solutions to generate the DMRS sequence. 
· The DMRS sequence is generated based on the actual bandwidth occupied by the configured CORESET. 
· The DMRS sequence is generated based on the BWP wherein the CORESET is located.

· The DMRS sequence is generated based on the maximum bandwidth supported in NR.

If the DMRS sequence is generated based on the CORESET or BWP, neither non-orthogonal nor orthogonal MU-MIMO can work if the paired UEs don’t have total overlapped CORESET or BWP. Furthermore, the CORESET-based generation could lead to the UE generating quite a number of sequences depending on the number of CORESETs. One solution is to generate the DMRS sequence based on the maximum bandwidth supported in NR. Then, the DMRS used for NR-PDCCH demodulation could be obtained by truncating the DMRS sequence. Therefore, the correlation between different NR-PDCCH DMRS will not be deteriorated..
Proposal 2: The DMRS sequence should be generated on the basis of the maximum bandwidth supported in NR.
2.2    Support of orthogonal MU-MIMO
In NR ad hoc#3 meeting, the working assumption on DMRS density was confirmed as shown below:[2]
Agreements:
· Confirm the following working assumption:

· DM-RS density per REG is 1/4 at least for normal CP.
· FFS: orthogonal DMRS for MU-MIMO at RAN1 NR AH#3.
· FFS: URLLC
· DMRS density per REG for extended CP is same as that for normal CP
In LTE system, OCC sequence based on the 2x2 Hadamard matrix could be used to distinguish different antenna ports. The same principle can also be applied for 1/4 DMRS overhead with 3 DMRS REs in each NR-REG. For CORESET duration of 1 symbol, there is an even number of REGs for the agreed REG bundle sizes of 2 and 6.  Therefore, an order 2 Hadamard matrix ([1 1], [1 -1]) can be applied as OCC on each pair of adjacent DMRS REs to distinguish the antenna ports as shown in Figure 1.  For 2-symbol CORESET, the same length-2 OCC can be applied but in the time domain. Similarly, for  a 3-symbol CORESET, time-domain OCC can be applied based on sequences selected from the 3x3 DFT matrix e.g. as 
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Figure 1: Application of time- or frequency domain OCC for orthogonal MU-MIMO
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, as part of a CORESET configuration, higher layer signaling could indicate to a UE the OCC to be applied for the antenna port. Alternatively, 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. 
Proposal 3: Orthogonal MU-MIMO can be supported with 1/4 DMRS overhead by applying either frequency domain or time domain OCC depending on the CORESET duration. 
3 Conclusion
This contribution discussed some outstanding details regarding the NR PDCCH structure. The proposals are summarized here as follows,
· Proposal: The DMRS sequence should be initialized based on the slot index, physical cell ID and virtual cell ID.
· Proposal: The DMRS sequence should be generated on the basis of the maximum bandwidth supported in NR.
· Proposal: Orthogonal MU-MIMO can be supported with 1/4 DMRS overhead by applying either frequency domain or time domain OCC depending on the CORESET duration.
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