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Discussion and Decision
1
Introduction
RAN1 #88 meeting has reached this agreed WF [1] on UL diversity-based transmission:

	Agreements: 
· For DFT-S-OFDM, following schemes can be candidates for UL diversity schemes for UL data: CDD, precoder cycling, antenna port switching, SFBC, and STBC.

· RAN1 should down select them in WI phase.

· FFS the corresponding spec impact (if any)




In RAN1 #88bis meeting, this WF on UL diversity based transmission for DFT-S-OFDM is agreed [2]:

	Agreements: 
· For DFTsOFDM in data channel, the following schemes are candidates for transmit diversity:

· Low PAPR Alamouti-based transmit diversity applied in frequency or time domain, transparent transmit diversity (e.g. short delay CDD, panel selection), time domain beam/precoder cycling




This contribution discusses various aspects on NR UL diversity transmission schemes for both DFT-S-OFDM and CP-OFDM.
2
Support of diversity-based schemes for DFT-S-OFDM and CP-OFDM
RAN1 has already agreed to support two uplink waveforms in NR: DFT-S-OFDM and CP-OFDM. CP-OFDM is targeted to support high throughput transmission, while DFT-S-OFDM is more suitable to support coverage sensitive applications with its low PAPR property. With this consideration, the design of UL diversity-based transmission schemes shall have different objectives for these two types of waveform.
DFT-S-OFDM is a single carrier modulation scheme with low PAPR. It is more suitable for cell-edge coverage, when the physical channel is relatively less reliable. 

When a diversity-based transmission scheme is applied, the diversity scheme will be more beneficial for low-reliable cell-edge area than for other coverage area, when the operating SINR is low. This implies that transmit diversity could be more beneficial to DFT-S-OFDM than CP-OFDM at low SINR region. 
At high SINR region when UE’s throughput is the major consideration, more advanced transmission schemes, such as close-loop Tx with reliable CSI feedback are usually applied. CP-OFDM is more favorable for these operations of high rank and/or MU-MIMO transmission. Diversity-based transmission at high SINR won’t be much useful because the close-loop transmission schemes with reliable CSI usually have better performance than diversity-based transmission.
However, when the UL transmission channel changes such as mobility, rotation, or blockage, CP-OFDM still needs diversity-based transmission scheme to handle low SINR with link adaptation. One choice is to use DFS-S-OFDM as a possible fall-back mode for CP-OFDM. Considered the waveform difference it would be better to have an integral design for CP-OFDM at low SINR region. Thus the transmit diversity schemes for CP-OFDM are still needed, at least for rank-1 transmission support.
Based on these discussion, we have these observations:

Observation 1:
At low SINR region, transmit diversity will be more beneficial to DFT-S-OFDM than to CP-OFDM.

Observation 2:
Transmit diversity schemes are needed for CP-OFDM to enhance its performance at low SINR, at least for rank-1 transmission.
With these observation, we propose that:

Proposal 1:
UL diversity based transmission schemes shall be considered for both DFT-S-OFDM and CP-OFDM.
3
UL diversity-based transmission schemes
3.1
DFT-S-OFDM based diversity schemes
For DFT-S-OFDM, low peak-to-average power ratio (PAPR) is an important feature that shall be preserved when diversity transmission is applied. With this constraint, some of the DL open-loop transmission schemes won’t be able to apply to DFT-S-OFDM directly.
As indicated in the WF [1] on DFT-S-OFDM based diversity schemes, several diversity schemes are under discussion: antenna switching, CDD, precoder cycling, SFBC and STBC.

Antenna switching can be considered as a trivial precoding scheme to improve channel diversity by switching ON/OFF among Tx ports. Transmission power is concentrated on single Tx port and the low PAPR property of DFT-S-OFDM is maintained. However, no full diversity can be achieved with this scheme. The improved channel diversity is just the switching of multiple Tx ports. As the result, the diversity gain will be low when the channels from different Tx ports are highly correlated.
Small-delay CDD scheme can achieve better channel diversity while maintaining low PAPR for DFT-S-OFDM. This scheme also cannot provide full transmit diversity; however, it has better diversity gain than the antenna switching due to the increased frequency selectivity in the effective single-port channel.
SFBC and STBC are full transmit diversity schemes; however, these schemes cannot be directly applied to DFT-S-OFDM. SFBC usually uses Almouti’s code in frequency domain. This approach won’t be able to maintain the single-carrier property of DFT-S-OFDM. SFBC, in its general form, won’t be applied to DFT-S-OFDM. Meanwhile, a new approach of utilizing SFBC for DFT-S-OFDM was proposed in RAN1 and more studies would be needed.
STBC applies the Almouti’s code in time domain at symbol level. It can maintain the low PAPR property of DFT-S-OFDM. However, there are two major problems with this approach. The symbol-wise STBC needs even number of symbols as symbol-pairs. This will limit UL scheduling flexibility. The second problem is that STBC may lose its full diversity combining gain when channel changes between symbols. This will impact its performance under the high mobility scenario, which is a typical use case for DFT-S-OFDM diversity transmission.
Based on these analysis, more studies are needed for all these diversity schemes for DFT-S-OFDM. The small-delay CDD, which is supported in LTE, could be a starting point to support.
Proposal 2:
For DFT-S-OFDM, evaluate small-delay CDD, and further study other diversity-based transmission schemes.
3.2
CP-OFDM based diversity schemes
For CP-OFDM, there is no single carrier restriction for UL transmit diversity. At least for rank-1 transmission, all DL transmit diversity schemes can be considered for UL.
The detailed discussion and down-selection of transmit diversity scheme for CP-OFDM shall follow the DL discussion. For rank-1 diversity-based transmission, at least these diversity schemes can be considered:
· Antenna switching

· Small delay CDD with transparent DMRS

· Precoder cycling with transparent/non-transparent DMRS

· SFBC with transparent DMRS

SFBC can achieve full diversity scheme; but other listed schemes usually won’t be able to provide full spatial/frequency diversity. Precoder cycling may utilize potential codebook structure (such as two-stage codebook) of codebook based UL scheme. This provides the flexibility of extending W1/W2 structure to support diversity-based transmission. With these considerations, we shall consider to support both SFBC and precoder cycling for CP-OFDM.
Proposal 3:
At least for rank-1, consider to support SFBC and precoder cycling scheme for CP-OFDM diversity based transmission.

4
Conclusions
In this contribution, we made the following observations and proposals: 

Observation 1:
At low SINR region, transmit diversity will be more beneficial to DFT-S-OFDM than to CP-OFDM.

Observation 2:
Transmit diversity schemes are needed for CP-OFDM to enhance its performance at low SINR, at least for rank-1 transmission.

Proposal 1:
UL diversity based transmission schemes shall be considered for both DFT-S-OFDM and CP-OFDM.

Proposal 2:
For DFT-S-OFDM, evaluate small-delay CDD, and further study other diversity-based transmission schemes.
Proposal 3:
At least for rank-1, consider to support SFBC and precoder cycling scheme for CP-OFDM diversity based transmission.
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