3GPP TSG RAN WG1 Meeting 91 			R1-1719637
Reno, USA, November 27th – December 1st, 2017

[bookmark: Source]Agenda Item:	7.2.3.3
Source:	AT&T
Title:	Remaining details for DMRS design
[bookmark: DocumentFor]Document for:	Discussion/Approval

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. 

Agreement:
For the 2-symbol non-slot based scheduling, no additional DMRS can be configured
For the 4-symbol non-slot based scheduling, no additional DMRS can be configured
For the 7-symbol non-slot based scheduling, one additional DMRS can be configured
FFS: Location of the front-loaded DMRS  

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 non-slot based scheduling with larger than one symbols duration, the front loaded DMRS (for PDSCH) is located at the first PDSCH symbol which doesn’t contain PDCCH. 

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-3: For non-slot based scheduling with larger than one symbols duration, the front loaded DMRS (for PDSCH) is located at the first PDSCH symbol which doesn’t contain PDCCH. 
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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-4: 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 When to use slot based or non-slot based DMRS 
There are two DMRS pattern agreed, one for slot based and one for non-slot based scheduling. In our view, there is no difference between slot based and mini-slot based transmissions from a data channel specification perspective other than the DMRS pattern [1]. Hence, we propose that the DCI lets the UE to distinguish between slot based and mini-slot based allocations. With regard to the aforementioned table, most entries can be defined without distinguishing between slot or mini-slot based allocations. In either case, a starting OFDM symbol and a length of the allocation are required. The DCI does, however, need to provide a means to distinguish between slot and mini-slot based transmissions due to the different DMRS mapping. This could either be done by a single bit in the DCI or by a dedicated DCI format and we believe that the NR Rel. 15 specifications should allow both. See our companion contribution in [2] for details. 
For example, for a PDCCH monitoring periodicity of 14 OFDM symbols and a CORESET configuration at the beginning of a slot, a single DCI format can be used for both slot based and mini-slot based transmissions and a single bit can differentiate between the two DMRS mappings for slot and mini-slot based transmissions. 
For shorter PDCCH monitoring periodicities, a dedicated DCI format can be used to schedule mini-slot based transmissions. That is because it is not possible to schedule a slot based transmission from the middle of a slot. Note that a dedicated DCI format does not increase the number of blind decodes if the size for the same RNTI is the same. A dedicated DCI format has the benefit that it allows to reinterpret the entire DCI whereas a single bit may only signal the DMRS mapping but does not affect how remaining DCI bits are interpreted. Hence, a single bit in a common DCI format caters to the use case where the only difference between slot based and mini-slot based transmissions is the DMRS mapping [1] whereas a dedicated DCI field addresses those use cases where mini-slots serve dedicated purposes for a dedicated service or feature. Hence, we think both signaling mechanisms should be supported. 
Proposal 5: A common table is used in the specifications for the time-domain resource allocation for slot based and mini-slot based transmissions.

Proposal 7: NR supports:
· The same DCI format can schedule a PDSCH using slot based DMRS or non-slot base DMRS
· A dedicated DCI format can schedule a PDSCH with non-slot based DMRS
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4 DM-RS Sequence for PUSCH 
In our view, NR coverage is determined based on the performance of uplink control channel PUCCH in addition to PUSCH.  Since Pi/2 BPSK was already agreed to as modulation scheme for DFT-s-OFDM, we can improve the coverage of NR when the UE is scheduled with Pi/2 BPSK modulation. However, till now it is not clear how the DM-RS sequence should be designed for Pi/2 BPSK modulated PUSCH. In our view, DM-RS sequence plays an important role in the coverage determination, hence we strongly support DM-RS sequence design should be such that PAPR is similar to data transmission. That is the DM-RS sequence also BPSK modulated and passed through spectrum shaping filter to reduce the PAPR. This in turn will allow the UE to operate at higher power, thereby improving the coverage of NR.  
Proposal 6:  For pi/2 BPSK PUSCH, RS design should be such that PAPR of RS is similar to data
5 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 non-slot based scheduling with larger than one symbols duration, the front loaded DMRS (for PDSCH) is located at the first PDSCH symbol which doesn’t contain PDCCH. 
Proposal-4: 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
Proposal 5: A common table is used in the specifications for the time-domain resource allocation for slot based and mini-slot based transmissions.
Proposal 6: NR supports:
· The same DCI format can schedule a PDSCH using slot based DMRS or non-slot base DMRS
· A dedicated DCI format can schedule a PDSCH with non-slot based DMRS
Proposal 7:  For pi/2 BPSK PUSCH, RS design should be such that PAPR of RS is similar to data
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