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Introduction
It was agreed in RAN1_86bis [1] [2] that: 
· NR Support DFT-S-OFDM based waveform complementary to CP-OFDM waveform, at least for eMBB uplink for up to 40GHz
· FFS additional low PAPR techniques 
· CP-OFDM waveform can be used for a single-stream and multi-stream (i.e. MIMO) transmissions, while DFT-S-OFDM based waveform is limited to a single stream transmissions (targeting for link budget limited cases)
· Network can decide and communicate to the UE which one of CP-OFDM and DFT-S-OFDM based waveforms to use
· Note: both CP-OFDM and DFT-S-OFDM based waveforms are mandatory for UEs
· RAN1 should target for a common framework in designing CP-OFDM and DFT-S-OFDM based waveforms (without compromising CP-OFDM performance/complexity), e.g., control channels, RS, etc.

It was suggested that, in cases of UE suffering from mixed interference during dynamic TDD, it might be helpful to have unified reference signal (RS) design between DL and UL. The argument was that a unified RS design may help UE to reduce the complexity of blind channel estimation of the adjacent uplink interfering UEs. However, it is important to emphasize that:
· In many cases when UE suffer from mixed interference, the major problem is receiver desensing. In such cases, advanced receiver (e.g. interference cancellation, etc) have limited help.
· For higher frequency bands (e.g. mmW), the interference is highly directional, and the need for advanced receiver in case of dynamic TDD is not fully justified.
· There are other approaches (than advanced receiver) to resolve the mixed interference issue, such as through Network coordination, which could be more effective than relying on advanced receiver, specifically when UE receiver desensing is the major concern.

Nonetheless, in this contribution, we provide some thoughts on UL DMRS design in the regular burst. 
Discussion
In 5G, there is a need for fast turnaround of the feedbacks, i.e., uplink acknowledgement feedbacks to a PDSCH transmission may be transmitted in the next available uplink control region, and a new uplink grant corresponding to either successful or failed PUSCH transmission may be transmitted in the next available downlink control region. Specifically, in a self-contained subframe, PDSCH may be transmitted in the long duration (or regular burst) in a downlink centric subframe and the corresponding uplink ACK may be transmitted in the uplink short duration (or uplink common burst) of the same subframe. And PUSCH may be transmitted in the long duration in an uplink centric subframe and the uplink grant corresponding to the decoding result of the PUSCH may be transmitted in the PDCCH symbol of the next subframe. To allow such a fast turnaround, it’s better to have DMRS front loaded in the first symbol of the long duration in both uplink and downlink subframes. Furthermore, PDSCH and PUSCH may be mapped to a frequency first fashion so the CBs may be decoded sequentially over time. Having DMRS front loaded for PDSCH may allow eNB to have additional time to prepare PDSCH transmission when transmit DMRS, and allow UE to do channel estimation first so that PDSCH demod/decode can start as soon as possible. Having DMRS front loaded for PUSCH may allow UE to prepare PDSCH transmission when transmitting DMRS symbol and also allow eNB to start PUSCH decoding sooner. A front loaded DMRS symbol may be sufficient for low Doppler scenario. Whether we need additional DMRS symbols for high Doppler scenario is for future study. We therefore propose to have 
Proposal 1: DMRS is transmitted at least in the first symbol of the uplink long duration for PUSCH. 
The DMRS sequence of a UE for downlink transmission may reuse the principle of LTE that is the DMRS sequence is a segment taken from a wide band mother sequence. The segment is corresponding to the RB allocations. As illustrated in Figure 1, according to this design the DMRS 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 at UE side. An eNB may also benefit from this DMRS design in a mixed interference scenario when it receives interference from another neighbour eNB with a downlink configuration while itself is in a uplink configuration. 
It may be desirable to have a symmetric DMRS design in terms of both DMRS locations and DMRS sequences. The symmetric DMRS design will reduce complexity for both UE and eNB. However, because uplink and downlink may have different channels as well as waveforms, a symmetric DMRS design may not always be achieved. For PUSCH with CP-OFDM waveform, it may be possible to have symmetric DMRS design as PDSCH because of the same waveform. However, as agreed in the last meeting, uplink also needs to support DFT-s-OFDM waveform which will have different PAPR requirement from CP-OFDM making symmetric DMRS sequence design difficult. Besides, we also have PUCCH which has different payload size range from PUSCH or PDSCH. The frame structure of PUCCH therefore is likely to be different from PUSCH and PDSCH. A common DMRS design between PUCCH and PUSCH or PDSCH will also be difficult at least for small payload PUCCH. The detailed DMRS design for different PUSCH and PUCCH channels are as follows.
For PUSCH with OFDM waveform, which is likely a high SNR scenario, PAPR is less a concern. The same DMRS design as PDSCH can therefore be used. When MU-MIMO is used for UL, DMRS sequences of different UEs will collide with each other. Orthogonal DMRS sequences can minimize mutual interference and improve performance. Orthogonality can be achieved when one UE uses the segments of the mother sequence as base sequences and other UEs may use the sequence with same segment modulated by orthogonal covers such as Walsh cover or through phase ramping in frequency domain. Note that this does not preclude the comb based DMRS design option, i.e, the DMRS tones may only occupy the even or odd tones. Furthermore, to support higher data rate, it’s also desirable to support MIMO in 5G for at least 4 layers. It may also be considered to support 8 layers. According to the latest agreement, the MIMO PUSCH will use CP-OFDM waveform. A symmetric DMRS design the same as MIMO PDSCH can be reused for MIMO PUSCH for up to 8 layers. We therefore have the following proposes:
[bookmark: _GoBack]Proposal 2: Define a wideband mother sequence from which to deduce DMRS sequences, and use the same DMRS design For PDSCH and PUSCH with OFDM waveform. 
· The DMRS sequences are segments taken from a wideband mother sequence according to the allocated RBs.  
· Reuse the same DMRS design as PDSCH for SU-MIMO PUSCH.


Figure 1. DMRS design for PDSCH and PUSCH with OFDM waveform

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 DMRS sequences for such UEs also need to yield low PAPR. Since segments of a wideband sequence will likely not satisfy the requirement of low PAPR, a direct extention of the DMRS designs as in Proposal 2 may not be good. Two options may be used to reduce low PAPR of RS sequences. One is to use sequences with low PAPR for example the Chu sequence or the computer generated sequence (CGS) as used in LTE. The other option is to use the same sequence segmented from the mother sequences but allow PA to naturally saturate/clip the time domain samples after. Such clipping will however reduce channel estimation quality and consequently impact the performance. Since for cell edge UEs the allocated bandwidth is likely to be small, the increased complexity with different DMRS sequence may be ok compared to the otherwise performance loss when use symmetric RS sequence similar to proposal 2 with PA clipping. One of the benefits of using the design as proposal 2 with RB location based DMRS sequence is that interference estimation and possible cancellation may be done at lower complexity. The benefit can be enjoyed at both eNB and UE side with UEs benefit more because the UE complexity might be more critical. If we use DMRS sequences with low PAPR which is a function of number of RBs instead of RB indices, we may need to test different hypothesis for a particular RB. Hypothesis testing will increase processing complexity, which is a direct function of the number of allocation hypothesis. Therefore, if we put a limit on the possible number of RB allocations for low PAPR waveform like DFT-s-OFDM, the complexity of hypothesis testing can be well controlled. Consequently, a UE may still be able to do blind interference estimation and cancellation in a mixed interference scenario when interference is from a UE with DFT-s-OFDM waveform in a neighboring cell with uplink configuration. So having different DMRS designs from PDSCH or PUSCH with OFDM waveform may be desirable in terms of performance and acceptable in terms of complexity. We therefore propose
Proposal 3: Consider the use of DMRS sequences with low PAPR properties for example Chu sequence or CGS sequence for UEs with DFT-s-OFDM waveform.
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., DMRS tones from the UEs with different waveform may be interlaced in frequency domain with different tones. Different Beamforming of the UEs with different waveform will also help separating the DMRS in spatial domain for the UEs.
For PUCCH control channel, the payload size can be a wide range from 1 bit to possibly a few hundred bits. For very small payload PUCCH channel, the frame structure will likely be different from PUSCH. For example the number and location of the DMRS symbols could be different from PUSCH. And PUCCH may also have possibly different CDM in time or frequency domain. Therefore, it’s unlikely the DMRS design can be unified with either PDSCH or PUSCH. For large payload PUCCH e.g., with a few hundred bits, it’s possible to use the same frame structure as PUSCH with DFT-s-OFDM. The DMRS design consequently may be unified as PUSCH with the same waveform. Therefore, we have the following proposals:
Proposal 4: For PUCCH with small payload size, allow different DMRS designs from PDSCH/PUSCH. For large payload size, allow the reuse of the same DMRS design as PUSCH with the same waveform. 
The exact switching point for small and large payload size can be further studied.
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In this document, we consider different aspects of uplink DMRS design. To enable fast turnaround, DMRS may be front loaded in the first symbol of the uplink long duration so that PDSCH decoding can start as soon as possible. It’s also desirable to have symmetric DMRS designs with downlink transmission to reduce uplink/downlink processing complexity. We notice that for data channels with OFDM waveform, the DMRS designs can be unified between uplink and downlink. 8 layer MIMO transmission for PUSCH may also reuse the DMRS design for 8 layer MIMO PDSCH. Furthermore, the DMRS sequence can be determined by RB index. While for PUSCH with DFT-s-OFDM, low PAPR DMRS sequence is desired. Such sequences may be determined by number of allocated RBs. And limiting the possible number of allocations 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: DMRS is transmitted at least in the first symbol of the uplink long duration for PUSCH. 
Proposal 2: Define a wideband mother sequence from which to derive DMRS sequences, and use the same DMRS design For PDSCH and PUSCH with OFDM waveform. 
· The DMRS sequences are segments taken from a wideband mother sequence according to the allocated RBs.  
· Reuse the same DMRS design as PDSCH for SU-MIMO PUSCH.

Proposal 3: Consider the use of DMRS sequences with low PAPR properties, e.g. Chu sequence or CGS sequence, for UEs with DFT-s-OFDM waveform. 
Proposal 4: For PUCCH with small payload size, allow different DMRS designs from PDSCH/PUSCH. For large payload size, allow the reuse of the same DMRS design as PUSCH with the same waveform. 
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