Page 1
[bookmark: _GoBack]3GPP TSG-RAN WG1 RAN1 AdHoc	R1-1700805
16th – 20th Jan 2017
Spokane, USA

[bookmark: Source]Agenda item:	5.1.2.3.2
Source: 	Qualcomm Incorporated
Title: 	Discussion on UL DMRS design
[bookmark: DocumentFor]Document for:	Discussion/Decision
Introduction
It was agreed in RAN1_86 [1] [2] that NR will support CP-OFDM based waveform with possibly low PAPR techniques, as shown below:
· At least up to 40 GHz for eMBB and URLLC services, NR supports CP-OFDM based waveform with Y greater than that of LTE (assuming Y=90% for LTE) for DL and UL, possibly with additional low PAPR/CM technique(s) (e.g., DFT-S-OFDM, etc.) 

It was further agreed [1] [3] that:
· NR uplink should target at least the same link budget (i.e. MCL) as LTE uplink, under the same usage scenarios and similar deployment configurations (e.g., same carrier frequency)
· Details FFS
· Techniques can be evaluated for the uplink scenarios
E.g., low PAPR/CM techniques (including DFT-s-OFDM)
While it’s likely UL and DL transmission may use different waveform, e.g., OFDM for DL, and mixed OFDM and DFT-s-OFDM for UL, it may still desirable to have unified reference signal (RS) design between DL and UL. 
In this contribution, we compare different options for symmetric RS design for DL and UL. 
Discussion
In 5G, to reduce implementation complexity, it is desirable to maximize the commonality between DL and UL DMRS and between CP-OFDM and DFT-OFDM. Such commonality may be a DMRS pattern including the number of DMRS symbols and relative DMRS and data location of DMRS in the slot. The specific DMRS pattern may vary for different scenarios. A different scenario may be different payload size, Doppler mode, whether SIMO, MIMO or MU-MIMO is configured, or if immediate turnaround is required, etc. For the same scenario, the same DMRS pattern may be used regardless DL or UL transmission or which waveform is used. We therefore have the following proposal: 
Proposal 1: Consider using the same number and location of DMRS symbols for the same scenario for DL and UL transmission and for different waveform.
The DMRS density within a DMRS symbol may be different in different scenarios. For the same scenario, DMRS density may also be different between DL and UL. For example, a lower DMRS density, e.g, 1/4 of the total number of tones may be sufficient for DL transmission, while for the same scenario a higher DMRS density, e.g, 1/2 of the total number of tones may be required for UL transmission due to the power difference between eNB and UE. DMRS density could also be different between CP-OFDM and DFT-s-OFDM waveform for the same scenario. Furthermore, when MU-MIMO with mixed waveform is configured, in order to orthogonalize the DMRS, we may want to put DMRS tones of different waveform in different combs. As illustrated in Figure 1, CP-OFDM waveform UEs use even tones for DMRS transmission while DFT-s-OFDM waveform use odd tones for DMRS transmission. Within the same waveform, multiple UEs may be separated in code domain, for example with different shifts.  In summary, the DMRS tones for a specific transmission should be configurable for both UL and DL. For the tones not used by DMRS in the symbol, they may be used for same UE data transmission if it’s CP-OFDM, or for UE multiplexing or antenna separation. We therefore have the following proposal:
Proposal 2: Consider comb based DMRS design for antenna separation for MU-MIMO with mixed waveform. 
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Figure 1. Comb based DMRS design for MU-MIMO with mixed waveform
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. 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 Walsh cover or through phase ramping in frequency domain. Note that this does not preclude the comb based DMRS design option, i.e, the RS tones may only occupy the even or odd tones. We therefore have the following proposes:
Proposal 3: Define a wideband mother sequence to deduce DMRS sequences for both PDSCH and PUSCH with OFDM waveforms.
· Use the same RS design For PDSCH and PUSCH with OFDM waveform and SIMO transmission. The DMRS sequences are segments taken from a wideband mother sequence according to the allocated RBs.  
· Use orthogonal RS sequences based on the same segments from the mother sequences for MU-MIMO transmission.
· The same mother sequence may be used for both DL and UL in the same cell, and different mother sequences may be used in different cells.


Figure 2. 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 RS 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 extend of the RS designs as in Proposal 1 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 RS sequence may be ok compared to the otherwise performance loss when use symmetric RS sequence similar to proposal 1 with PA clipping. One of the benefits of using symmetric RS design is that interference estimation and possible cancellation may be done at lower complexity.  If we use RS 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. The case of mixed interference when neighboring cells have different UL/DL configuration is likely for small cell scenario, where cell edge UEs may not exist.  For other interference scenario, hypothesis testing complexity is a direct function of the number of hypothesis. Therefore, if we put a limit on the possible number of RBs for low PAPR waveform like DFT-s-OFDM , the complexity of hypothesis testing can be well controlled. So having different RS designs from PDSCH or PUSCH with OFDM waveform may be acceptable. We therefore propose
Proposal 4: Consider the use of RS sequences with low PAPR properties for example Chu sequence or CGS sequence for cell edge UEs. 
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. 
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 with possible different CDM in time or frequency domain. Therefore, it’s not likely the RS design can be unified with 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 for cell edge UEs with limited bandwidth. The RS design consequently may be unified as PUSCH for cell edge UEs. Therefore, we have the following proposals:
Proposal 5: For PUCCH with small payload size, allow different RS designs from PDSCH/PUSCH. For large payload size, allow the reuse of the same RS design as PUSCH. 
The exact switching point for small and large payload size can be further studied.
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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: Consider using the same number and location of DMRS symbols for the same scenario for DL and UL transmission and for different waveform.
Proposal 2: Consider comb based DMRS design for antenna separation or MU-MIMO with mixed waveform. 
Proposal 3: Define a wideband mother sequence to deduce DMRS sequences for both PDSCH and PUSCH with OFDM waveforms.
· Use the same RS design For PDSCH and PUSCH with OFDM waveform and SIMO transmission. The DMRS sequences are segments taken from a wideband mother sequence according to the allocated RBs.  
· Use orthogonal RS sequences based on the same segments from the mother sequences for MU-MIMO transmission.
· The same mother sequence may be used for both DL and UL in the same cell, and different mother sequences may be used in different cells.

Proposal4: Consider the use of RS sequences with low PAPR properties for example Chu sequence or CGS sequence for cell edge UEs. 
Proposal 5: For PUCCH with small payload size, allow different RS designs from PDSCH/PUSCH. For large payload size, consider the reuse of the same RS design as PUSCH. 
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