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[bookmark: _GoBack]In RAN1#87, the following agreement on UL MIMO was made [1]:
	Agreements:
· For the purpose of discussions, replace the classifications ’closed-loop’/‘open-loop’ with method-based classification of ‘precoding’ and ‘precoder cycling’
· Signalling and UL-CSI measurement support are to be addressed separately
· Both precoding and precoder cycling can be considered for UL DMRS-based spatial multiplexing (SM)
· Note: For only CP-OFDM waveform, SFBC is covered by this clarification
· …



[bookmark: _Ref446598547]This contribution addresses two issues related to the highlighted part of the agreement: 
1. Transmission schemes for UL NR MIMO
2. The need for fall-back UL transmission scheme 

Transmission schemes for UL NR MIMO
1 
Notice that the terms ‘open-loop’ and ‘closed-loop’ spatial multiplexing, referring to the presence or absence of precoding information feedback, are suitable for DL MIMO in FDD scenario. For UL MIMO, precoding feedback is non-existent. Therefore, the classification ‘open-loop’/’closed-loop’ was replaced by transmission-scheme-based classification. In RAN1#87, although the use of “precoding” and “precoder cycling” was agreed, it was pointed out that the agreement excludes schemes such as SFBC-based transmit diversity.
To avoid any confusion and misunderstanding (at this stage), it is proposed to agree that for UL NR MIMO, two DMRS-based transmission schemes are supported. This is analogous to the agreement for DL MIMO in RAN1#87 [1] and our companion contribution for DL [2]:
1. Transmission scheme (TS 1) 1: This scheme is a simple precoding or beamforming for DMRS-based spatial multiplexing. TS 1 is especially applicable when accurate UL-CSI is available at a gNB or UE (for instance, low UE speeds and good cell isolation or inter-cell interference coordination). In this case, the UE can transmit data through a narrow directional beam since accurate directional information is accessible. For FDD, the gNB can signal a choice of precoding vector/matrix (or vectors/matrices when frequency-selective precoding is employed) to a UE via a DL control channel, such as an UL grant. Upon receiving such precoding information, the UE shall use the associated precoder to transmit the requested UL data to the gNB. This precoding information is updated dynamically by the gNB.
2. Transmission scheme 2 (TS 2): This scheme is basically a diversity-based scheme. Some candidates include precoder cycling, SFBC-type Tx diversity, and CDD. For instance, precoder cycling is especially applicable when UL CSI quality is impaired at the gNB or UE (for instance, high UE speeds and poor cell isolation which causes bursty inter-cell interference known as the flash-light effect). In this case, it is more advantageous to transmit data through a small group of directional beams. For this purpose, precoder (beam) cycling within a group of beams in frequency domain can be employed. This cycling pattern can either be fixed or signalled to the UE. If precoder cycling is chosen for TS 2, the same codebook can be used for both TS 1 and TS 2.
 The two transmission schemes for UL MIMO are illustrated in Figure 1 where precoder cycling is chosen for TS 2. Both TS 1 and TS 2 support single- and multi-layer transmissions. It is expected that the maximum number of layers for TS 1 is more than TS 2. For instance, TS 1 can support up to 4-layer transmission while TS 2 only 2-layer transmission. It is assumed that there is no strong motivation to increase the maximum spatial multiplexing gain for each UE as any increase in spectral efficiency from higher-order SU-MIMO transmission is unlikely. Note that due to hardware limitation, the maximum number of layers for >6GHz scenario is expected to be smaller (e.g. in the order of 2). Furthermore, the two transmission schemes can be dynamically switched from one to the other.


[bookmark: _Ref446632390][bookmark: _Ref446632384]Figure 1 UL DMRS-based transmission schemes: TS 1 and TS 2

Having clearly delineated the two transmission schemes, it is proposed that the choice of scheme for TS 2 resemble that used for DL MIMO. In our companion contributions and , we propose to select precoder cycling in frequency domain for the diversity-based scheme. Therefore, TS 2 is defined as precoder cycling in frequency domain. The frequency granularity for precoder cycling (RE-level or RB-level) requires further investigation.  

Proposal: 
· For UL MIMO, NR supports two DMRS-based transmission schemes, each of which capable of supporting single- and multi-layer transmission: 
· TS 1: Precoded transmission
· TS 2: Diversity-based transmission based on precoder cycling in frequency domain
· Precoder cycling frequency granularity is FFS 
· The maximum number of layers for TS1 (the same as LTE = 4) is larger than TS 2 (e.g. 2)
· TS 1 and TS 2 can be switched dynamically via an UL-related DCI

UL fall-back transmission scheme
2 
3 
Although both CP-OFDM and DFT-S-OFDM are supported for UL NR, DFT-S-OFDM is used only for single-stream transmission while CP-OFDM can be used for either single- or multi-stream transmission. For UL SU-MIMO where link adaptation applies, to avoid any complication in dynamic switching between two waveforms, it is proposed that CP-OFDM be used for UL SU-MIMO regardless of the transmission rank. 
For coverage-limited scenarios which can occur abruptly yet remain for a prolonged period of time (such as bursty interference or blockage for >6GHz scenarios), a fall back transmission scheme with single-stream SC-FDMA waveform (DFT-SOFDM with contiguous RB allocation) can be supported. To allow sufficient flexibility, this fall-back scheme is enabled via a “compact” UL-related DCI analogous to format 1A DCI for LTE DL transmission. 

Proposal: 
· CP-OFDM waveform is used for TS 1 and TS 2 with rank-adapted transmission irrespective of the rank 
· Single-stream SC-FDMA-based transmission can be supported as a fallback transmission scheme, enabled via a compact UL-related DCI.

4 Conclusions
In this contribution, Samsung’s view on UL MIMO for NR is presented. Our proposals are summarized as follows:
· For UL MIMO, NR supports two DMRS-based transmission schemes, each of which capable of supporting single- and multi-layer transmission: 
· TS 1: Precoded transmission
· TS 2: Diversity-based transmission based on precoder cycling in frequency domain
· Precoder cycling frequency granularity is FFS 
· The maximum number of layers for TS1 (e.g. 4) is larger than TS 2 (e.g. 2)
· TS 1 and TS 2 can be switched dynamically via an UL-related DCI
· CP-OFDM waveform is used for TS 1 and TS 2 with rank-adapted transmission irrespective of the rank 
· Single-stream SC-FDMA-based transmission can be supported as a fallback transmission scheme, enabled via a compact UL-related DCI.
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