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1. Introduction

Email discussions took place between RAN1#54bis and RAN1#55 on the topic of UL transmission scheme. In the following the discussion and views from different companies are summarized and suggested proposals are outlined.
2. Impact from bandwidth extension 

There seem to be two main proposals how to extend DFTS-OFDM to wider bandwidths in the uplink: 

· N*DFTS-OFDM 

· Clustered DFTS-OFDM 

Main arguments for clustered DFTS-OFDM seems to be lower cubic metric, while N*DFTS-OFDM seems to suitable when multiple PA are used.
	Company
	N*DFTS-OFDM
	Clustered DFTS-OFDM
	Other/Conclusion

	Nokia, NSN
	Allows for flexibility e.g. in terms of component carrier specific HARQ and AMC
	Benefit in CM 0.2 - 0.3 dB and sometimes even negative [R1-082609]
	Prefer N*DFTS-OFDM

	SHARP
	
	Consider 20MHz frequency selected RB allocation, thus CL DFTS-OFDM suited.
	CL DFTS-OFDM, especially within 20MHz

	Texas Instruments
	
	Support for multi-clustered DFTS-OFDM is inevitable. Multi-clustered DFTS-OFDM is reduced to NxSC-FDMA if component carriers far apart. Difference in CM between clustered DFTS-OFDM and NxSC-FDMA is small (in the order of ~0.5dB).
	Slightly prefer Nx DFTS-OFDM

	NEC
	
	
	Slightly prefers N*DFTS-OFDM with considering discontinuous spectrum aggregation.

	LGE
	Prefer one DFT per component carrier and one transport block per DFT (in non-MIMO case).
	Clustered DFTS-OFDM within a component carrier is a straight forward extension of the existing SC-FDMA and provides benefits of scheduling flexibility while keeping low PAPR.
	One DFT per component carrier and one transport block per DFT (in non-MIMO case)

	Motorola
	Preference is N*DFTS-OFDM due to (1) minimum changes to RAN1 specifications, (2) per component carrier HARQ and link adaptation, and (3) similar hardware implementation for both contiguous and non-contiguous carrier aggregation. CM gain is small.
	
	N*DFTS-OFDM

	Alcatel-Lucent
	Additional complexity of N*DFTS-OFDM is quite limited. Moreover, this scheme provides for a better scalability.
	
	N*DFTS-OFDM

	Fujitsu
	Like to have OFDM for use in LTE-A no matter what the number of component carriers is. We have no definite preference on the extension to SC DFT-S-OFDM but want to have smallest possible number of UL transmission schemes.
	
	Prefer NxDFT-S-OFDM to clustered DFT-S-OFDM if we select only one of the two.

	Ericsson
	We recognise the benefit of NxDFTS-OFDM in terms of providing a more straightforward extension of release 8. It seems like this is a view that is also shared with most other companies. Also, in case of spectrum aggregation, clustering over component carriers in different spectrum parts, does not really make sense.
	
	Nx-DFTS-OFDM is more suitable from a spectrum aggregatation point-of-view.
Non-contigous resource-block assignment within one component carrier, as proposed by NEC, can be considered.

	Nortel
	
	
	Comparing N*DFTS-OFDM with clustered DFTS-OFDM, there are a few other factors that should be taken into consideration, e.g., the number of HARQ processes, the flexibility of link adaptation, which may be an advantage for NxDFTS-OFDM. OFDM should be considered as a candidate UL waveform.

	Samsung
	Same transmission scheme for contiguous and non-contiguous carrier aggregation cases. Reuse of Rel-8 implementations and specifications. Flexible per-carrier link adaptation and HARQ. Slightly better link performance (R1-083658 by LGE). We think the UEs with scheduled transmissions on multiple carriers will likely not be power-limited UEs, and thus the 0.5dB CM loss does not play a main role, and even it does can be offset by the link performance benefits.
	
	N*DFTS-OFDM

	Panasonic
	If following discussion within a component carrier is concluded as OFDM, N*(OFDM within component carrier)
	If following discussion within a component carrier is concluded as Clustered DFT-S-OFDM, N*(Clustered DFT-S-OFDM within component carrier).
	N*Component carrier

	Huawei
	One HARQ process per carrier will improve link adaptation and help reduce segmentation losses from having too many turbo codewords per ACK/NAK. NxDFTSOFDM also appears to be a better choice for non-contiguous carrier aggregation
	CM difference is very small, and does not appear to outweigh the benefits for NxDFTSOFDM. These benefits include an easier extension of rel 8.
	Support NxDFTSOFDM

	ETRI
	
	Contributions discussed so far indicate that clustered DFT-S-OFDM has a slightly lower CM than Nx DFTs-OFDM while N x DFTS-OFDM shows slightly better performance. Performance difference is small.
	Preference is N x DFTS-OFDM

	NTT DOCOMO
	Independent IFFTs associated with RF transmitter including PA are necessary for discontinuous spectrum aggregation. Possible merits for N x DFT-Spread OFDM are commonality with the structure for the discontinuous case and component carrier-specific AMC. Don’t understand the merit for introducing N x DFT-Spread OFDM
	
	Clustered DFT-Spread OFDM is better than N x DFT-Spread OFDM. In other words, we cannot find any merit for N x DFT-Spread OFDM compared to Clustered DFT-Spread OFDM.

	CATT
	Influence introduced by N*DFTS-OFDM is very small to R8 specifications because of the similarity between N*DFTS-OFDM and DFTS-OFDM. Meanwhile, N*DFTS-OFDM has better frequency spectrum efficiency, better flexibility of resources scheduling and better support for wider bandwidth comparing with Clustered DFTS-OFDM, and the difference of cubic metric is quite small between the two schemes
	
	Support N*DFTS-OFDM.

	ZTE
	Smooth backward compatibility to R8 specification and flexible per-carrier HARQ as well as link adaptation, and then, CM between N*DFTS-OFDM and Clustered DFTS-OFDM shows little difference
	
	N*DFTS-OFDM would be our choice

	Qualcomm
	See value for NxDFTS-OFDM which allows for independent MCS per carrier and multi-carrier eNB implementations that are based on a per-carrier processing. Also, for multi-PA UE’s implementations, the NxDFTS-OFDM may become SC-FDMA on each PA/carrier.

See very attractive considering allowing control (PUCCH) and data (PUSCH) concurrently in a given subframe.

See the value for allowing for non-contiguous (or multi-cluster) data allocations within a component carrier
	
	NxDFTS-OFDM.

Allow for non-contiguous data allocation.


Proposal: 
· For case of no spatial multiplexing, 

· Agree on one DFT per component carrier and one transport block per component carrier. 

· FFS whether to allow for non-contiguous resource block assignment within one component carrier.
3. Impact from introduction of uplink spatial multiplexing 

Arguments for introduction of complementary support for OFDM (i.e. without the DFT precoder) seem to be that it simplifies receiver implementation with uplink spatial multiplexing. 
	Company
	Arguments for OFDM
	Arguments against OFDM
	Other/Conclusion

	NEC
	Simple receiver with uplink spatical multiplexing. Benefitial to introduce discontinuous frequency resource allocation within 20MHz or a component carrier.
Consider three alternatives within 20MHz: SC-FDMA, MC-FDMA and OFDM.
	
	We support introducing OFDM or MC-FDMA (DFTS-OFDM based multi carrier transmission). Preference between OFDM and MC-FDMA is FFS.

	Nokia, NSN
	
	As per [R1-08372], the complexity of SU-MIMO SIC receivers is similar.
No performance difference in throughput identified that justifies introduction of OFDM
	

	Texas Instruments
	SU MIMO simplification is the only potential argument, but depends on choice of SU MIMO scheme.
	If single-codeword architecture is used, OFDM lends itself to a simpler implementation with one-shot ML-based receiver.
If the multi-codeword architecture is used for UL SU-MIMO with SIC-based receivers, the benefit of OFDM in terms of receiver implementation is unclear.
	

	LGE
	OFDM should be introduced for higher order modulations as well as MIMO cases as the benefits of OFDM over SC-FDMA in those scenarios have been shown by many companies including LGE.
	
	

	Motorola
	OFDM is reported to deliver better link/system performance than SC-FDMA in UL-MIMO operation with MMSE receivers even after offsetting the gain by the CM disadvantage.
	
	Decision depends on how simple or complicated that OFDM and Rel-8 SC-FDMA transmissions are multiplexed and the impact on existing UL PUCCH design, and is FFS.

	Alcatel-Lucent
	OFDMA is more susceptible to PAPR, allows for ML decoding, more flexible control structures, frequency diverse transmission, a reference symbol system more in parallel  to the DL. 
Hybrid OFDMA/SC-FDMA would allow backward compatible to Release 8 with all flexibility and performance benefit
	
	Decision requires a careful trade-off between complexity and increased performance.The evidence provided up to now appears to be not sufficient for a final decision.

	Ericsson
	If OFDM should be introduced, it should be the only transmission scheme used in case in uplink spatial multiplexing, and it should be introduced in the most straightforward manner. If the entire uplink structure, is open for discussion, we would not be supportive.
	
	Not seen any really convincing indications of the benefits of this. However, we are still open to consider it.

	Nortel
	From R1-083658 and R1-083682 the link-level simulation results show that OFDM has significant performance gains over DFTS-OFDM, especially for higher-order modulation and MIMO transmissions, for a typical MMSE receiver with reasonably complexity. As higher-order modulation and MIMO transmissions require higher SNR, the UE is typically located at a good geometry with some transmit power headroom. Thus, the additional power backoff required by OFDM as compared to DFTS-OFDM would be more than compensated by the gain in link performance. Complexity of the receiver is also an important factor as the LTE-A UE has to support more than one layer of transmission, and the size of the code block is likely to be larger.
	
	OFDM

	Samsung
	Benefits in both performance and receiver  complexity (as per contributions to Prague). OFDM enables ML receivers for UL SU-MIMO cases. Also, additional specifications complexity is expected to be not significant.
	
	OFDM

	Panasonic
	
	
	Have at least one additional non-contiguous resource-block assignment/transmission scheme within a component carrier. Non-contiguous resource-block assignment is by Clustered DFT-S-OFDM or OFDM, not restricted to only in spatial multiplexing.

	Huawei
	
	TxD and rank 1 SU-MIMO cases, especially with wideband precoding, will be useful in cell-edge scenarios and can benefit from the reduced CM of DFTSOFDM. Performance and complexity arguments in favor of OFDMA have not been persuasive.
	OFDMA is not preferred in the SU-MIMO rank 1 precoding, MU-MIMO and TxD scenarios. OFDMA could be studied to be introduced, with some limitations such as only for multiple layer MIMO and keeping the same baseline rel-8 structure for PUCCH, RS, etc

	ETRI
	Performance gain of OFDM SU-MIMO over SC-FDMA SU-MIMO seems to highly depend on the modulation order. Do not see a noticeable performance gain with OFDM MIMO when QPSK is used. Spectral efficiency gain of OFDM MIMO in higher-order modulation can be significant. Prefer one transmission scheme for a particular modulation order.
	
	Introduction of OFDM SU-MIMO for higher order modulation needs further study.

	NTT DOCOMO
	Introduction of OFDM has some benefits particularly for SU-MIMO.
	
	Evaluation results are not sufficient to conclude a common agreement in RAN1

	CATT
	Uplink multiple streams transmission, OFDMA might be a good choice for the PUSCH, as it could provide potential higher spectral efficicency and better flexible scheduling. However, the performance and complexsity still need further investigation
	
	Multiple access scheme for LTE-Advanced UL Spatial Multiplexing mode is FFS

	ZTE
	OFDMA might be a choice to support wider bandwidth. however, introducing OFDM to LTE-A system needs following restrictions 

1) For OFDMA, at least the following two principles should be kept in order to be compatible with LTE.   
    -  PUCCHs are still located in the edges of the component carriers and CDM scheme is also used for different PUCCHs 
    -  The structure of  the uplink reference symbols is the same as R8 specification, i.e. RS and data are time division multiplexed 

2) For OFDMA, LTE-A terminal can transmit PUCCH and PUSCH simultaneously in order to obtain more flexible scheduling and delay gain. 

3) OFDMA is adopted in the following special scenarios. 
    - Power is not limited 
    - Multiple antennae techniques such as MIMO and transmission diversity
	
	OFDMA might be a choice with restrictions

	Qualcomm
	Spectral efficiency gain provided  by MIMO OFDM when compared with the DFT-spread based approaches.
Don’t see necessary to re-open many of the discussions that already took place in Rel-8 e.g. DM-RS design, RB structure, etc. We can keep those and skip the DFT spreading for the data part (the RS part does not undergo the DFT spreading in Rel-8 already).

We have compared the CM of the various UL waveforms and once we have higher order modulation, multiple clusters, precoding, the difference with OFDM is minimal.
	
	We see the value of introducing a mode where OFDM is supported in the UL for PUSCH transmission. In that case, we could keep PUCCH as it is and we could leave some other things as they are right now (e.g. DM-RS design) to avoid re-opening a new set of discussions for the specification of OFDM waveform in the UL.


Proposal: Further discussion at the meeting.

