3GPP TSG RAN WG1 Meeting #88bis	R1- 1704237
Spokane, USA, 3rd – 7th April 2017

Agenda Item:	8.1.2.4.2
Source:	Huawei, HiSilicon
Title:	UL DMRS design for data transmission
Document for:	Discussion and decision 

[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
[bookmark: OLE_LINK135][bookmark: OLE_LINK136]In RAN1 NR #88 meeting [1], it was agreed that,
· [bookmark: OLE_LINK36]At least for CP-OFDM, NR supports a common DMRS structure for DL and UL
- DMRS for same or different links can be configured to be orthogonal to each other. 
- FFS exact DMRS location, DMRS pattern, and, scrambling sequence for the common DMRS structure.
[bookmark: OLE_LINK5][bookmark: OLE_LINK6]For NR waveform assumption, the following conclusion is drawn in the RAN1#87 meeting,
· Study necessity of supporting 16 orthogonal DMRS ports in DL and UL considering symmetric design both for DL and UL
[bookmark: OLE_LINK110][bookmark: OLE_LINK111][bookmark: OLE_LINK112][bookmark: OLE_LINK113][bookmark: OLE_LINK114][bookmark: OLE_LINK115][bookmark: OLE_LINK15][bookmark: OLE_LINK16]For NR waveform assumption, it was agreed in the RAN1#86bis meeting that, 
· NR Support DFT-S-OFDM based waveform complementary to CP-OFDM waveform, at least for eMBB uplink for up to 40GHz
· [bookmark: OLE_LINK19][bookmark: OLE_LINK20]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
· 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.

[bookmark: _Ref129681832]This contribution discusses the designs of the reference signal for demodulation of UL, including design principles, RS sequence, RS pattern, max# of orthogonal DMRS ports and ports multiplexing scheme. Discussion 
Discussion 
New requirements in 5G 
New requirements for UL demodulation RS in NR include:   
· [bookmark: OLE_LINK88][bookmark: OLE_LINK89][bookmark: _Ref458696629]More orthogonal partial overlapped DMRS ports. 
· Considering cross-link interference and inter-cell interference
Design principles of uplink demodulation RS
In NR higher efficiency of frequency spectrum and more scenarios are needed. In order to make full use of spectrum resources and adapt to different scenarios, per-PRB scheduling flexibility is needed for CP-OFDM. The design of UL DMRS should not restrict the scheduling bandwidth.
[bookmark: OLE_LINK92][bookmark: OLE_LINK93]MU-MIMO with scheduling bandwidths partially overlapping has recently been introduced in LTE. Considering the extensive use of MU-MIMO, in NR it also should be consider that scheduling bandwidths are partially overlapping between paired UEs. In addition, in order to have a better adaptation to the use of MU-MIMO，partially overlapping bandwidth need to be flexible and the bandwidth partially overlapping should not be restricted by the design of UL DMRS.
[bookmark: OLE_LINK77][bookmark: OLE_LINK78][bookmark: OLE_LINK95][bookmark: OLE_LINK9][bookmark: OLE_LINK45][bookmark: OLE_LINK67][bookmark: OLE_LINK90][bookmark: OLE_LINK91][bookmark: OLE_LINK120][bookmark: OLE_LINK121]Proposal 1:  Flexible scheduling bandwidth and flexible partial bandwidth overlap between paired UEs for MU-MIMO should be considered in the design of UL DMRS.
[bookmark: OLE_LINK31][bookmark: OLE_LINK32][bookmark: OLE_LINK37][bookmark: OLE_LINK38][bookmark: OLE_LINK41][bookmark: OLE_LINK42]In NR the services needs change more rapidly between UL and DL due to the various scenarios. The duplexing flexibility can match the changing services better and improve system performance. In addition, the duplexing flexibility is discussed in 3GPP. So the DMRS design should consider the cross-link interference from duplexing flexibility.
[bookmark: OLE_LINK12][bookmark: OLE_LINK13][bookmark: OLE_LINK79][bookmark: OLE_LINK80][bookmark: OLE_LINK96][bookmark: OLE_LINK4][bookmark: OLE_LINK7]Proposal 2: The cross-link interference should be considered in DMRS design.
NR has agreed to support UL grant-free transmission (i.e., an UL transmission scheme without dynamic grant) at least for sporadic URLLC traffics, in which the resource may be shared by multiple users to increase resource utilization efficiency and reduce latency. In this case, DMRS needs to be used for UE activity detection in addition to channel estimation. 
[bookmark: OLE_LINK14][bookmark: OLE_LINK28][bookmark: OLE_LINK122][bookmark: OLE_LINK123][bookmark: OLE_LINK133][bookmark: OLE_LINK134]Proposal 3: Detection performance should be considered in DMRS design for UL grant-free transmission.
DMRS design should further consider DMRS inter-cell interference mitigation for NR. Note that DMRS transmitted by UEs in neighbouring cells on the same time-frequency resources result in interference to the DMRS of desired users as they are not orthogonal to the latter. This phenomenon is especially detrimental for cell-edge users, as the interference power is comparable to desired signal power.  As NR will support more users, this effect will be more detrimental than in LTE. 
[bookmark: OLE_LINK2]Observation 1: Due to the increased number of served users in NR, the DMRS inter-cell interference effect will be more detrimental than in LTE. 
[bookmark: OLE_LINK62][bookmark: OLE_LINK63][bookmark: OLE_LINK65]One solution to this problem is to orthogonalize DMRS across cells in time or frequency, which necessitates additional DMRS resources. Another solution is to obtain and exchange information about the sequences used in neighbouring cells, e.g. root indices in case of ZC sequences or RB index for PN sequences, to allow a given BS to perform DMRS inter-cell interference cancellation/mitigation. Then, the DMRS in neighbouring cells can be transmitted on the same time-frequency resources, removing the need for additional DMRS resources and resulting in a more efficient use of available resources. 
[bookmark: OLE_LINK3][bookmark: OLE_LINK8][bookmark: OLE_LINK10][bookmark: OLE_LINK11]Observation 2: Exchange of information about the used non-orthogonal DMRS across cells/TRPs facilitates DMRS inter-cell interference mitigation and results in a more efficient use of available spectrum.

Design of uplink demodulation RS 
DMRS sequence design
[bookmark: OLE_LINK124][bookmark: OLE_LINK125]In NR the design of UL DMRS sequence for data transmission PAPR reduction needs to be considered even for CP-OFDM waveform. Low PAPR sequence is beneficial to both DFT-S-OFDM and CP-OFDM. In addition, the UL DMRS design should consider the correlation property. The low cross-correlation property is not only important for channel estimation, but could also facilitate user detection in MU-MIMO and/or grant-free transmissions. So the low PAPR sequence with low cross-correlation should be considered for UL demodulation RS in NR. 
[bookmark: OLE_LINK33][bookmark: OLE_LINK34]On the other hand, traditional ZC sequence and/or computer generated sequence in LTE are resource bandwidth specific, which means the sequence at any RB is determined by the allocated resource bandwidth. This may cause more blind detection for interference suppressing techniques due to numerous hypothesis testing cases. One solution is to constrain the rules for resource allocation; while another alternative solution is to design resource location specific sequence with low PAPR/CM properties, in which the generated RS sequence depends on the resource position/RB index as well as resource allocation size. And some resource location specific sequence designs are proposed, e.g. block-wise sequences [2], computer searched truncated ZC [3].
[bookmark: OLE_LINK117][bookmark: OLE_LINK116][bookmark: OLE_LINK29][bookmark: OLE_LINK66][bookmark: OLE_LINK70][bookmark: OLE_LINK105][bookmark: OLE_LINK106][bookmark: OLE_LINK69][bookmark: OLE_LINK68]Proposal 4: Low PAPR sequence with low correlation property should be considered for UL demodulation RS in NR.
[bookmark: OLE_LINK30][bookmark: OLE_LINK35]Proposal 5: For DFT-s-OFDM, ZC sequence should be supported and down selected from traditional ZC and ZC sequence design determined by resource allocation positions. 

[bookmark: OLE_LINK46][bookmark: OLE_LINK47]DMRS pattern design
[bookmark: OLE_LINK50][bookmark: OLE_LINK51]The duplexing flexibility could lead cross-link interference. When cross-link interference exists, the channel estimation performance of UL DMRS will be degraded due to the interference caused by DL signals. Considering the cross-link interference from duplexing flexibility, a symmetric pattern between DL DMRS and UL DMRS for CP-OFDM should be considered. Fig. 1 shows examples of considered UL DMRS pattern for 8 ports.
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                  (a) Alt. 1 with 8 ports
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[bookmark: _Ref477422741]                  (b) Alt.2 with 8 ports
Fig. 1 an example of pattern Alt. 1 and Alt. 2 with 8-port UL DMR
[bookmark: OLE_LINK23][bookmark: OLE_LINK24][bookmark: _GoBack][bookmark: OLE_LINK21][bookmark: OLE_LINK22][bookmark: OLE_LINK25][bookmark: OLE_LINK26]In NR, for both CP-OFDM and DFT-S-OFDM, there is a need for fast data decoding and fast turnaround of the feedbacks, especially for V2V, D2D and UL only scenarios, so the “front-loaded” DMRS pattern should be considered for UL DMRS for PUSCH. Besides, using the “front-loaded” pattern, which is also used in the DL DMRS pattern, is helpful for inter cell interference suppression. In contribution [4], several front-loaded patterns have been evaluated for the UL system. It can be observed that, comparing to the 1-symbol pattern, the 2-symbol pattern with CDM across adjacent REs achieves the best performance for 8 orthogonal ports. Moreover, it is shown that, for different multiplexing schemes of orthogonal ports, the DMRS pattern with CDM across two consecutive REs in time/frequency may become a better choice for UL DMRS. 
Besides, combined with the DL DMRS simulation results in [5], it can be noticed that the DMRS pattern with small size CDM across adjacent REs in time/frequency can achieve satisfactory performance for both DL and UL. Based on above analyses, we can thus have the following proposal.
[bookmark: OLE_LINK149][bookmark: OLE_LINK150][bookmark: OLE_LINK27][bookmark: OLE_LINK39][bookmark: OLE_LINK141][bookmark: OLE_LINK142]Proposal 6: Support a symmetric front-loaded/additional pattern design between DL DMRS and UL DMRS with CP-OFDM in the following aspects.
· Symbol location
· Symbol number (front-loaded pattern should consist of up to 2 consecutive symbols  for 8 orthogonal ports)
· [bookmark: OLE_LINK17][bookmark: OLE_LINK18]Multiplex (at least CDM across two consecutive REs in time or frequency domain should be supported)
[bookmark: OLE_LINK48][bookmark: OLE_LINK49][bookmark: OLE_LINK71][bookmark: OLE_LINK72][bookmark: OLE_LINK64][bookmark: OLE_LINK97][bookmark: OLE_LINK98]Proposal 7: Support “front-loaded” pattern for UL DMRS for PUSCH with DFT-S-OFDM.
In NR, massive 2D antenna array will be supported widely. It is beneficial to support more beneficial uplink multi-user pairing with more orthogonal DMRS ports with partial overlapped DMRS sequences. LTE release 14 has supported four orthogonal DMRS ports with partial overlapped resources. However there is a certain tradeoff between supported number of orthogonal ports and corresponding DMRS sequence design, especially for the limitation of UL UE transmission power. In general a longer sequence, either PN or ZC, is more preferred for uplink transmission for better channel estimation. Moreover the possibility of pairing more and more UEs for UL MU MIMO, i.e. >8 users, is not so significant. Therefore it is preferred to support 8 orthogonal ports for UL DMRS.
[bookmark: OLE_LINK40][bookmark: OLE_LINK43]Proposal 8: 8 orthogonal partial overlapped ports for DMRS should be supported in NR.
When using FDM or TDM between different DMRS ports for multiple UEs in MU-MIMO, for each UE, it is beneficial to muting its PUSCH REs that may be used for DMRS transmission of other paired UEs and shift the energy of these REs to its own DMRS through power boosting.
[bookmark: OLE_LINK52][bookmark: OLE_LINK53][bookmark: OLE_LINK44][bookmark: OLE_LINK61][bookmark: OLE_LINK103][bookmark: OLE_LINK104]Proposal 9: Power boosting should be considered for UL DMRS for PUSCH.
Conclusion
In this contribution, UL DMRS design for data transmission. Based on these discussions, we have the following observations and proposals:
Observation 1: Due to the increased number of served users in NR, the DMRS inter-cell interference effect will be more detrimental than in LTE. 
Observation 2: Exchange of information about the used non-orthogonal DMRS across cells/TRPs facilitates DMRS inter-cell interference mitigation and results in a more efficient use of available spectrum.
Proposal 1:  Flexible scheduling bandwidth and flexible partial bandwidth overlap between paired UEs for MU-MIMO should be considered in the design of UL DMRS.
Proposal 2: The cross-link interference should be considered in DMRS design.
Proposal 3: Detection performance should be considered in DMRS design for UL grant-free transmission.
Proposal 4: Low PAPR sequence with low correlation property should be considered for UL demodulation RS in NR.
Proposal 5: For DFT-s-OFDM, ZC sequence should be supported and down selected from traditional ZC and ZC sequence design determined by resource allocation positions. 
Proposal 6: Support a symmetric front-loaded/additional pattern design between DL DMRS and UL DMRS with CP-OFDM in the following aspects.
· Symbol location
· Symbol number (front-loaded pattern should consist of up to 2 consecutive symbols  for 8 orthogonal ports)
· Multiplex (at least CDM across two consecutive REs in time or frequency domain should be supported)
Proposal 7: Support “front-loaded” pattern for UL DMRS for PUSCH with DFT-S-OFDM.
Proposal 8: 8 orthogonal partial overlapped ports for DMRS should be supported in NR.
Proposal 9: Power boosting should be considered for UL DMRS for PUSCH.
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