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Discussion
1 Introduction
In this contribution, we focus on the discussion for non-slot based issues for DL DMRS.
2 Non-slot based issues
The agreement regarding the non-slot based scheduling is captured below.

	Agreements:

· NR supports both slot and non slot based PDSCH  transmissions for Paging delivery

· For the non-slot based transmission, 2, 4 and 7 OFDM-symbol duration for the Paging PDSCH is supported

· FFS: Support of non-slot for PDCCH for Paging delivery
Agreements:

· NR supports both slot based PDCCH, PDSCH and PUSCH, and non-slot based PDSCH/PUSCH transmissions for Msg2/Msg3/Msg4 transmission

· For the non-slot based transmission, 2, 4 and 7 OFDM-symbol durations for the PDSCH/PUSCH is supported

· FFS the handling of PDCCH for non-slot based transmissions

· FFS Time gap during RACH procedure applied to non-slot based transmissions
· Note: Whether to support simultaneous uplink transmission of slot and non-slot based transmission from UE’s perspective will be finalized in the control channel session
Agreements:
· Remove the support for 7-symbol slots from NR

· It is allowed to have more than one DL/UL switching points within a 14-symbol slot by using non-slot-based scheduling
· Note: at least 14-symbol, 7-symbol, and 2-symbol CORESET monitoring periodicities are supported for non-slot-based scheduling

· Removing 7-symbol slot does not imply to remove the agreed design of 4- to 7-symbol long PUCCH
· Allow additional DMRS position with non-slot based scheduling
· RAN1 recommends to define test cases for following cases:

· Slot-based scheduling for downlink

· The first DMRS position of the PDSCH is fixed on the 3rd or 4th symbol of the slot

· Non-slot-based scheduling for downlink

· The first DMRS position of the PDSCH is the 1st symbol of the scheduled data

· At least PDSCH durations of 2, 4, and 7 OFDM symbols including DMRS are recommended to be specified

· Note: the LS includes the motivations of selected values

· Note: Final decision is up to RAN4
Agreements:

· At least for cases other than initial access, to identify a set of search spaces, following parameters are configured by UE-specific RRC signaling:

· The number of PDCCH candidates for each aggregation level of {1, 2, 4, 8, [16]}

· One value from {0, 1, 2, 3, 4, 5, 6, 8}

· PDCCH monitoring occasion for the set of search spaces

· One value of from {1-slot, 2-slot, [5-slot], [10-slot], [20-slot]} (at least 5 values)

· One or more value(s) from 1st symbol, 2nd symbol, …, 14th symbol within a monitored slot

· Each set of search spaces associates with a CORESET configuration by RRC signaling

Agreements:
· NR should support dynamic reuse of at least part of resources in the control resource sets for data for the same or a different UE, at least in the frequency domain

· FFS if resource reuse can be done in time domain as well

· FFS: DL data DM-RS location in time should not vary dynamically as a consequence of dynamic reuse of control resources for data

· FFS: time/frequency granularity of the resource reuse

· FFS: signaling needed, if any


From the above agreement, it is not clear that
· The number of OFDM symbols for CORESET for non-slot based scheduling
· The relationship between the starting symbol of a mini-slot and the PDCCH monitoring occasion. So it actually doesn’t preclude the case that CORESET for slot based scheduling is also included in a mini-slot duration
When it is agreed to support dynamic reuse of part of resources in the control resource sets for PDSCH, PDCCH and PDSCH can happen with FDM in the same OFDM symbol. Also from the agreement that the first DMRS position of the PDSCH is the 1st symbol of the scheduled data, we can interpret that the PDSCH DMRS position could be different at the different RBs, depending on the resource reuse.
Let’s assume one CORESET symbol in the beginning of a mini-slot. When the resource reuse is enabled, PDSCH DMRS basically can be allocated at first or second symbol on the scheduled RBs of a mini-slot. The UE doesn’t know in which RBs the PDSCH DMRS is allocated at the first symbol of a mini-slot until PDCCH decoding. After PDCCH decoding, the next symbol has been buffered and therefore the PDSCH DMRS at the first symbol doesn’t help to perform channel estimation earlier.
We prefer that, DMRS is allocated at the same OFDM symbol on the scheduled RBs. If there is CORESET in a mini-slot, the DMRS is allocated right after the last symbol of CORESET, no matter whether control resource reuse is enabled or not.
It is also agreed to have additional DMRS for 7-symbol mini-slot. The main issues are

· The position for additional DMRS
· When the front loaded DMRS position is shifted, whether the additional DMRS should be shifted in order to keep equal spacing with the front loaded DMRS?
The additional DMRS position will impact UE processing time (N1) for ACK/NAK feedback. This is one of the reason we consider to fix the last DMRS symbol at symbol 11 for slot based scheduling. 
It is also true that if the front loaded DMRS position is shifted, the UE needs to prepare different time domain interpolation coefficients. However, the processing time is more critical than multiple sets of interpolation coefficients.
It actually depends on the allowed processing time for mini-slot. For slot based scheduling, it considers N1= 12 symbols for aggressive UE. Then there is opportunity to feedback ACK/NAK at N+1-th slot. 

Similarly, for 7-symbol mini-slot we tend to fix the last DMRS symbol at symbol 4, as shown in Fig. 1, 2 and 3 below for shifted front loaded DMRS symbol. The additional DMRS is not considered if front loaded DMRS happens at symbol 3 or 4.
Proposal 1: For non-slot based scheduling, DMRS is allocated at the same OFDM symbol on the scheduled RBs. If there is CORESET in a mini-slot, the DMRS is allocated right after the last symbol of CORESET, no matter whether control resource reuse is enabled or not

Proposal 2: For 7-symbol mini-slot we tend to fix the last DMRS symbol at symbol 4. The additional DMRS is not considered if front loaded DMRS happens at symbol 3 or 4

Observation 1: Need to clarify with scheduling AI that, whether the front loaded DMRS may happen at symbol 3 or symbol 4 in a 7-symbol mini-slot
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    Fig. 1, FL at sym 0, additional at sym 4             Fig. 2, FL at sym 1, additional at sym 4
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    Fig. 3, FL at sym 2, additional at sym 4             Fig. 4, FL at sym 3, then no additional
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      Fig. 5, FL at sym 4, then no additional
3 Conclusion
Based on the above, we have

Proposal 1: For non-slot based scheduling, DMRS is allocated at the same OFDM symbol on the scheduled RBs. If there is CORESET in a mini-slot, the DMRS is allocated right after the last symbol of CORESET, no matter whether control resource reuse is enabled or not

Proposal 2: For 7-symbol mini-slot we tend to fix the last DMRS symbol at symbol 4. The additional DMRS is not considered if front loaded DMRS happens at symbol 3 or 4

Observation 1: Need to clarify with scheduling AI that, whether the front loaded DMRS may happen at symbol 3 or symbol 4 in a 7-symbol mini-slot
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