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1 Introduction
Mini-slot is an important feature in NR. While the DMRS design for slot based scheduling has made big progress, the DMRS for mini-slot still needs some work. There are several agreements made in control/scheduling A.I. on the DMRS for mini-slot. In this paper, we give our view on the DMRS design for mini-slot. 

Agreements:
· For downlink, UE can be informed about the first DMRS position of the PDSCH between the following:
· Fixed on the 3rd or 4th symbol of the slot (for, a.k.a, slot-based scheduling)
· 1st symbol of the scheduled data (for a.k.a non-slot-based scheduling)
· FFS: if special handling is needed for the case where some of the PRBs of the symbol of the scheduled data is overlapped with the other signals/channels
· FFS: When the UE is configured both slot-based scheduling and non-slot-based scheduling, the first DMRS position of the PDSCH can be changed between the 3rd or 4th symbol of the slot and 1st symbol of the scheduled data

2 DMRS design for Mini-slot
There are two types of mini-slots per control A.I. discussion, namely, cross-scheduled Mini-slot and self-scheduled mini-slot. The main difference is the location of PDCCH for scheduling. If the mini-slot is scheduled by PDCCH from beginning of a slot, it is called cross-scheduling mini-slot. Otherwise, if the mini-slot is scheduled by a PDCCH located at middle of the slot and the scheduled mini-slot contains the PDCCH symbols, it is called self-scheduled mini-slot. 
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Figure.1 Cross-scheduling (left) and Self-scheduling mini-slot (right)
DMRS design for Self-scheduled Mini-slot
From DMRS design point of view, self-scheduled mini-slot is a special case because of two reasons: 1. PDCCH and PDSCH are mixed together. 2. The total PDCCH+PDSCH symbol duration is short, e.g. the agreed prioritized mini-slot length is 2, 4 and 7 symbols. In such case, a common DMRS for PDCCH and PDSCH is an option to save DMRS overhead, on the other hand, a common DMRS for both PDCCH and PDSCH impose some challenging on the design due to the natural difference between this two channel. E.g. PDCCH only has one port while PDSCH may have multiple ports. Given the limited time to finish NR, we propose to consider common DMRS for PDCCH/PDSCH as further optimization in later releases. 
With separate DMRS, the remaining details the DMRS pattern (will be discussed in section.4) and starting symbols. While it was agreed in control A.I. that the first DMRS position is the 1st symbol of the scheduled data. The agreement also have a FFS point on the special handling for the case where some of the PRBs of the symbol of the scheduled data in overlapped with other signals/channel. With self-scheduled mini-slot, the scheduled data is overlapped with the PDCCH and PDCCH DMRS. Under such scenario, it’s difficult to FDM PDSCH DMRS on the first symbol with PDCCH because of the following reasons:
1. RE location of PDCCH is dynamically changing according the aggregation level 
2. The RE location of PDSCH DMRS is also dynamically changing according the scheduled rank. 
As a result, there are two options left: the PDCCH symbol is not used by PDSCH at all which leads to big waste of radio resource, so we locate the DMRS starting symbol after the last PDCCH symbol. Clearly the latter is much more efficiently especially when PDSCH is of larger bandwidth. Following the agreement made in RAN1 AdHoc#3 (copied in section-1), the special handling of PDSCH DMRS is needed 
Therefore we propose the following: 
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Figure.2 illustration of the self-scheduled mini-slot
Proposal-1: For self-scheduled mini-slot with larger than one symbols duration, PDCCH and PDSCH has its own DMRS. UE may (but not required) do channel estimation jointly based on the DMRS of PDCCH and PDSCH. 
Proposal-2: PDSCH DMRS must be located at different symbols than the scheduling PDCCH. (TDM)
Proposal-3: For self-scheduled mini-slot with larger than one symbols duration, the front loaded DMRS (for PDSCH) is shifted to the first PDSCH symbol not FDM with the scheduling PDCCH. FFS the special handling of the DMRS for one symbol mini-slot.

Noted that proposal-3 provides a special handling of the DMRS for the case where PDSCH and PDCCH are overlapped which is marked as FFS in the previous agreement. If this proposal is agreed, Qingdao agreement become: 

· For downlink, UE can be informed about the first DMRS position of the PDSCH between the following:
· Fixed on the 3rd or 4th symbol of the slot (for, a.k.a, slot-based scheduling)
· 1st symbol of the scheduled data (for a.k.a non-slot-based scheduling)
· When some of the PRBs of the symbol of the scheduled data is overlapped with scheduling PDCCH, front-loaded DMRS starting symbol is shifted to the first symbol of scheduled data which is not overlapped with PDCCH.

DMRS design for Cross-scheduled Mini-slot
Cross-scheduled mini-slot has a lot of similarity to regular slot based scheduling, in fact it can be seen as a special case of slot based scheduling with a dynamically indicated starting and ending symbols. In such case, the front loaded DMRS can simply located at the first symbol of scheduled PDSCH. As we proposed in [1], DCI shall indicate whether it’s slot based or mini-slot based scheduling mainly to determine the location of DMRS starting symbols (for slot based it’s either 3rd or 4th according to MIB). 
Proposal-4: in cross-scheduled mini-slot, the front loaded DMRS starts at the first symbol of PDSCH. 
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Figure.3 illustration of the cross-scheduled mini-slot

DMRS configurations for Mini-slot 
Typical mini-slot is designed to have reduced symbol length, therefore it’s more important to consider mini-slot with smaller number of OFDM symbol. For such short duration, additional DMRS symbols will cause too high DMRS overhead while no so useful considering such short PDSCH duration. Therefore, we propose the following: 
Proposal-5: Only front-loaded DMRS can be configured for mini-slot with less than 7 OFDM symbols: no additional DMRS may be configured
Proposal-6: 1-symbol front-load DMRS configuration type 1 and 2 are supported for mini-slot with less than 7 OFDM symbols. FFS: 2-symbol front-load

3 Conclusion
In this contribution, we proposed the following for mini-slot based DMRS design:

Proposal-1: For self-scheduled mini-slot with larger than one symbols duration, PDCCH and PDSCH has its own DMRS. UE may (but not required) do channel estimation jointly based on the DMRS of PDCCH and PDSCH. 
Proposal-2: PDSCH DMRS must be located at different symbols than the scheduling PDCCH. (TDM)
Proposal-3: For self-scheduled mini-slot with larger than one symbols duration, the front loaded DMRS (for PDSCH) is shifted to the first PDSCH symbol not FDM with the scheduling PDCCH. 
Proposal-4: in cross-scheduled mini-slot, the front loaded DMRS starts at the first symbol of PDSCH. 
Proposal-5: Only front-loaded DMRS can be configured for mini-slot with less than 7 OFDM symbols: no additional DMRS may be configured
Proposal-6: 1-symbol front-load DMRS configuration type 1 and 2 are supported for mini-slot with less than 7 OFDM symbols. FFS: 2-symbol front-load
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