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Introduction
In RAN1 #AH2 [1], the following agreements regarding the demodulation reference signal (DMRS) for data were made:

Agreements:
· Both in DL and UL DMRS for CP-OFDM, only PN sequence is supported

Agreements:
· The working assumption made in RAN1#89 for DM-RS is updated and agreed as follows for CP-OFDM:
· [bookmark: _GoBack]A UE is configured by higher layers with DMRS pattern either from the front-loaded DMRS Configuration type 1 or from the front-loaded DMRS Configuration type 2 for DL/UL:
· Configuration type 1:
· One symbol:
· Comb 2 + 2 CS, up to 4 ports
· Two symbols:
· Comb 2 + 2 CS + TD-OCC ({1 1} and {1 -1}), up to 8 ports
· Note: It should be possible to schedule up to 4 ports without using both {1,1} and {1,-1}.
· Configuration type 2:
· One symbol:
· 2-FD-OCC across adjacent REs in the frequency domain, up to 6 ports
· Two symbols:
· 2-FD-OCC across adjacent REs in the frequency domain + TD-OCC (both {1,1} and {1,-1}) up to 12 ports
· Note: It should be possible to schedule up to 6 ports without using both {1,1} and {1,-1}.
· From UE perspective, frequency domain CDMed DMRS ports are QCLed.
· FFS: Whether the front-load DMRS configuration type for a UE for UL and DL can be different or not.
· Note: If there are significant complexity/performance issues involved in the above agreements, down-selection can still be discussed
Agreements:
· For broadcast/multicast PDSCH (other than PBCH), the PDSCH is transmitted with a single DMRS port:
· Support using only one front-load DMRS Configuration from Configuration 1 and Configuration 2. To down-select from:
· Alt 1: Configuration 1 (FFS 1 or 2 symbols) 
· Alt 2: Configuration 2 with 2 symbols
· Support additional DM-RS. To down-select from:
· Alt 1: Additional DMRS is always present 
· Alt 2: Additional DMRS is configurable
· FFS the number of additional DMRS symbol(s)
Agreements:
· Study further aspects related to DMRS and data multiplexing in DL and UL considering 14 and 7 symbol slots/mini-slots, 1 vs. 2 front loaded DM-RS symbols, additional DM-RS, etc.
· Study further aspects related to possibly power boosting DM-RS (performance, complexity, spec impact)

Agreements:
· Study further how to handle DM-RS and SS block collision (if any)
· E.g., changing DM-RS symbol(s) position in time domain, no PDSCH transmission on the collided PRBs, dropping the DM-RS symbol in collision, etc.

Agreements:
· The number of front-load DMRS symbols can be 1 or 2 when the number of DMRS ports allocated to UE is equal or less than N
· N is 4 for Configuration 1 and 6 for Configuration 2.
· FFS the details to determine 1 or 2 symbols

In this contribution, we provide Qualcomm’s views on the NR UL DMRS for data. 
Location of front-load DMRS
In RAN1 86bis [7], in has been agreed that self-contained slots (K2=0) should be supported at least for some UEs, where UE need to decode UL grant in PDCCH and transmit UL PUSCH in the same slot. That means that we need enough processing time between PDCCH and PUSCH. Front-loaded UL DMRS can be beneficial to this timeline. Figure 1 shows the front-loaded UL DMRS pattern for self-contained slot. Regardless of DL control duration, UL DMRS is always located at the beginning of UL burst. Front-loaded DMRS can provide an additional processing time to decode UL grant and synthesize PUSCH waveforms.
Proposal 1: UL front-load DMRS should be fixed in the first symbol with respect to the PUSCH scheduling unit. 


[bookmark: _Ref481846742][bookmark: _Ref481846738]Figure 1. UL DMRS pattern for Self-Contained slots
Since DMRS has a comb structure, the unused tones in the frontloaded DMRS can be potentially used for data transmission. However, for slots with self-contained grant, UE may not have enough timeline to generate transmit data for the frontloaded DMRS symbol. Therefore, we propose the following which prevent to send data on the frontloaded DMRS.
Proposal 2: For slots with self-contained grant, no data have to be transmitted on the frontloaded DMRS tones.

DMRS sequence design and PN sequence
CP-OFDM
The reference signal sequence derivation for DMRS should be based on QPSK sequence 


where c(i) is a length-31 Gold sequence (same as LTE).
Proposal 3: DMRS PN sequence is the length-31 Gold sequence (same as LTE)
Proposal 4: Initialization of the PN generator c(i) for each symbol carrying DMRS depends on:
· Virtual cell ID (10 bits)
· UE SCID (1 bit)
· Symbol index of the DMRS with respect to the start of the radio frame (12 bits)
Regarding the 12 bits for symbol index, this is derived assuming 240kHz SCS, with 10ms radio frame, which leads to 2240 symbols.
It will also be useful if a common DMRS sequence design could be achieved. For CP-OFDM waveform, it’s possible to use the same sequence design for both UL and DL. For DL, it’s likely to use OFDM waveform with at least one DMRS symbols front loaded. The RS sequence for a particular UE can just use a segment taken from a mother sequence which occupies the entire bandwidth. As illustrated in Figure 1, according to this design the RS sequence at any RB is only determined by the RB index in the system bandwidth. Such a design allows easy interference estimation and possible cancellation among different cells. For PUSCH with OFDM waveform, which is likely a high SNR scenario, PAPR is less a concern. The same DMRS design can therefore be used so that PUSCH and PDSCH will have symmetric RS design. The symmetric RS design will reduce complexity for both UE and eNB. When MU-MIMO is used for UL, RS sequences of different UEs will collide with each other. Orthogonal RS sequences can minimize mutual interference and improve performance. 
Proposal 5: Define a wideband PN sequence generation method to map the DMRS sequences in a resource-specific manner. 


Figure 2. DMRS design for PDSCH and PUSCH with OFDM waveform
DFT-S-OFDM
For cell edge UEs with link budget limited UEs, waveform with low PAPR e.g., DFT-s-OFDM may be used for PUSCH transmission. The RS sequences for such UEs also need to yield low PAPR. Three options may be used for the RS sequence generation for the cell edge UEs.
1) UL DMRS sequence for cell edge UEs is a function of the allocated RB bandwidth.
2) UL DMRS sequence for cell edge UEs is a function of the allocated RB position and comb size.
3) UL DMRS sequence for cell edge UEs is a function of the allocated RB position and does not depend on the comb size.
Option 1 corresponds the LTE approach where low PAPR Chu sequence with different lengths can be selected based on the allocated bandwidth. Since different sequences are used based on the allocated bandwidth, in Option 1, it is relatively easy to find low PAPR sequences with different lengths.
In Option 2, a wideband mother sequences are selected based on the comb size. For example, when the comb size is 4, four different mother sequences are chosen to cover four different combs. After the mother sequences are selected, UL DMRS sequences are generated based on the allocated bandwidth position as in Proposal 3. In this case, it has to be guaranteed that all the feasible subsequences of the mother sequences to have low PAPR regardless of the allocated RB position. In [2], [3], a computer based search algorithm is proposed based on the truncation of long Chu sequences. 30 such mother sequences are found within 0.5 dB PAPR and CM degradation compared to Option 1.
In Option 3, only wideband mother sequence is selected regardless of the comb size. After the mother sequences is chosen, UL DMRS sequences are generated based on the allocated bandwidth position. In this case, it has to be guaranteed that all the feasible subsequences of the mother sequences to have low PAPR regardless of the allocated RB position and comb size. A similar computer based search as Option 2 can be used to find a set of such mother sequences.
Overall, for simplicity of the design we propose to use a similar approach as in Rel-13 comb-2 sequence, unless a significantly better approach can be identified. 
Proposal 6: For PUSCH with DFT-S-OFDM waveforms, NR supports UL DMRS sequence for cell edge UEs is a function of the allocated RB bandwidth (similar to LTE). NR reuses the Rel-13 DFT-S-OFDM sequence for comb-2.
When UEs with DFT-s-OFDM are to be multiplexed with UEs with OFDM in MU-MIMO scenario, the orthogonality of the RS may be satisfied with FDM, i.e., RS tones from the UEs with different waveform may be interlaced in frequency domain. 
Location of Additional DMRS
The following considerations need to be taken into account when designing a framework for additional DMRS:
· As far as performance is concerned, there should not be more than two symbol channel estimation extrapolation for any of the slot configurations, especially for the ones targeted for very high speed scenarios. 
· Common design principles of additional DMRS for slots and mini-slots would enable reusing the DMRS CE procedures for different scheduling intervals and accelerate the usage of both. 
· Up to 4 symbol DMRS is needed to achieve good performance for very high speed scenarios (500 kmh at 4 GHz carrier) for 30 KHz SCS and up to 3 symbol DMRS for a slot with 60 KHz SCS.
· When two-symbol front-load DMRS is used, consider only one additional two-symbol DMRS. Adding also a two-symbol midamble would results in 6 symbol overhead being RS which is very large overhead. Also, the two symbol front-load targets the use case of high orthogonal MU-MIMO and introducing an additional two-symbol DMRS provides a robust performance for at least up to 150 kmh in a 30 KHz SCS. 

Based on the above considerations it is obvious that due to the fact that NR shall support many slot formats (e.g., UL-only slot, DL/UL slot with different number of UL symbols), there will be a variety of DMRS patterns which need to be supported. To simplify both the specification effort and the receiver complexity we propose to parametrize the DMRS patterns with the following method:

Proposal 7: For both a slot and a mini-slot scheduling unit, additional DMRS is transmitted with uniform spacing inside the scheduling unit.
· Specifically, additional DMRS may be transmitted in the scheduling unit every X=3*k symbols, or every X=4*k symbols, or every X=5*k symbols, for k integer, after the transmission of front-load DMRS.

Based on the above general principle, for slot-based scheduling, we can get to the following examples of DMRS patterns depending on the slot format and mobility robustness. We observe that we avoid two symbol extrapolation in all the scenarios, while allowing for either 2 or 3 or 4 DMRS transmitted during a 14-symbol slot scheduling unit for different size of UL burst. 
[image: ]
Figure 3 One additional DMRS location for PUSCH for duration from 4 to 10 OFDM symbols
In the above figure, we observe that for each PUSCH duration the DMRS may appear every X symbols with X is either 3 or 4 or 5. The network semi-statically signals the number of additional DMRS and the location for each PUSCH duration. With the above symmetric and uniformly spaced approach, different mobility may be supported while keeping the UE complexity reasonably low since only a limited set of CE algorithms are needed to be supported. For example, in the above scenario transmitting DMRS every two symbols (X=2) provides robust performance for mobility up to 500 kmh for 4 GHz carrier frequency. In scenarios of PUSCH hopping, the same principle is applied by re-starting the counting after the hop as appears in the following Figure.
[image: ]
Figure 5 One additional DMRS location for PUSCH with Hop
[bookmark: _Ref378529477][bookmark: _Toc424303267][bookmark: _Toc425248865][bookmark: _Toc425344835][bookmark: _Toc425350726][bookmark: _Toc425501584][bookmark: _Toc425504168]Conclusions
In this document, we consider the possible symmetric RS designs for DL and UL transmission. We notice that for data channels with OFDM waveform, the RS designs can be unified and RS sequence can be determined by RB index. While for at least cell edge UEs, low PAPR RS sequence is desired. Such sequences may be determined by number of allocated RBs. And limiting the possible allocated bandwidth for such UEs can well control the complexity related to hypothesis testing in interference estimation and cancellation. We therefore have the following proposals:
Proposal 1: UL front-load DMRS should be fixed in the first symbol with respect to the PUSCH scheduling unit. 
Proposal 2: For slots with self-contained grant, no data have to be transmitted on the frontloaded DMRS tones.
Proposal 3: DMRS PN sequence is the length-31 Gold sequence (same as LTE)
Proposal 4: Initialization of the PN generator c(i) for each symbol carrying DMRS depends on:
· Virtual cell ID (10 bits)
· UE SCID (1 bit)
· Symbol index of the DMRS with respect to the start of the radio frame (12 bits)

Proposal 5: Define a wideband PN sequence generation method to map the DMRS sequences in a resource-specific manner. 
Proposal 6: For PUSCH with DFT-S-OFDM waveforms, NR supports UL DMRS sequence for cell edge UEs is a function of the allocated RB bandwidth (similar to LTE). NR reuses the Rel-13 DFT-S-OFDM sequence for comb
Proposal 7: For both a slot and a mini-slot scheduling unit, additional DMRS is transmitted with uniform spacing inside the scheduling unit.
· Specifically, additional DMRS may be transmitted in the scheduling unit every X=3*k symbols, or every X=4*k symbols, or every X=5*k symbols, for k integer, after the transmission of front-load DMRS.
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