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1. [bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
In LTE, UL MIMO is a key feature that has been supported to boost the uplink throughput. In the RAN1#87 meeting, it was agreed that [1]
· Frequency selective precoding is supported for UL MIMO with CP-OFDM waveform when the transmission ports is greater than X
· Following examples can be studied
· Example 1: Precoding information for a given partial BW is explicitly indicated by gNB
· The precoding information can be indicated through a hierarchical indication manner with wideband W1 and subband W2
· W1 and W2 can be signaled in one DCI or two separate DCIs
· Example 2: A single beam group in UL codebook is indicated by BS for UL transmission in perspective of the system bandwidth
· Example 2a: Precoder cycling is adopted within the beam group 
· Example 2b: The UE has certain flexibility to decide which particular beam/precoder in the beam group for actual transmission.
· Example 3: Reciprocity based precoding
· Other examples are not precluded
· FFS: X value
For the terminology, there is also a conclusion in last meeting:
· RAN1 can still continue discussion in the next meeting regarding how to refine the terminology related “closed-loop/precoding” and “open-loop/precoder cycling (including transmit diversity)”
In this contribution, we will present our views on the UL MIMO design.
1. [bookmark: _Ref129681832]UL MIMO design in NR
1. Terminologies for UL MIMO
For MIMO discussion, open loop and closed loop is more general and suitable than “precoding” and “precoders cycling” in both DL and UL. Actually, in DL transmission schemes, the terminologies of open loop and closed loop were already captured in last meeting. 
For UL transmission, for the discussion purpose, the open loop and closed loop are also can be used similar as DL transmissions. If precoding information is fed back from gNB to UE, it can be considered as closed loop; If partial precoding information is fed back from gNB, it can be considered as semi-open loop; and if no such precoding information from gNB, it can considered as open loop. So, it is clear no matter TDD or FDD.   
Regarding the terminology “precoding”, since in MIMO discussion, the mapping between data and antenna ports can be named as “precoding”, it includes the meaning of “precoder cycling” and also include both open loop and closed loop. Therefore, the “precoding” is not the same level of “precoders cycling”. For the terminology “precoders cycling”, actually it is only one of the scheme of open loop, such as transmit diversity is difficult included in the terminology, it seems a misleading terminology, although there is a note to include the transmit diversity in the UL MIMO.
[bookmark: OLE_LINK177][bookmark: OLE_LINK178][bookmark: OLE_LINK179]Proposal 1: For discussion purpose in UL MIMO transmissions, open loop (include semi-open loop) and closed should be used.
1. [bookmark: OLE_LINK168][bookmark: OLE_LINK169]Frequency selective precoding for codebook based transmission 
For legacy closed loop codebook based UL MIMO transmission, the gNB indicates only a single precoding matrix in the UL grant which will be applied for the data transmission of the whole scheduled bandwidth by the UE. However, the system bandwidth can increased to 100MHz for NR in contrast with 20MHz in LTE. The channel property varies significantly across the whole system bandwidth, thus frequency selective precoding is beneficial to bring the substantial performance gain. As shown in Figure 1, about 7% performance gain can be observed for frequency selective precoding.
[image: cid:image001.png@01D26A9D.32C22640]
Figure 1.Performance comparison between non-CB based and CB based transmission
However, for codebook based transmission, one critical issue caused by frequency selective precoding is the indication of the subband precoding matrix. With the subband increases, the required indication bits will increase dramatically which imposes great burden for the DCI capacity. 
[bookmark: OLE_LINK174][bookmark: OLE_LINK175][bookmark: OLE_LINK176]To reduce the DCI signaling overhead, a wideband W1 and a subband W2 with double codebook structure can be signaled through two levels DCI structure. The wideband /long term W1can be signaled in the first level DCI and the subband/short term W2 is signaled in the second level DCI.As the W2 only performs the beam selection in W1 and co-phasing ,therefore the required bits can be greatly saved.
Such two-level DCI structure also has the benefit to support dynamic transmission scheme switching. For example, with open-loop transmission scheme, only the precoding information of W1 that supports precoder cycling need to be signaled. However, for a close-loop transmission scheme, the precoding information of W2 in additional to W1 is required for UE. 
[bookmark: OLE_LINK180][bookmark: OLE_LINK181][bookmark: OLE_LINK182]Proposal 2: For codebook based UL MIMO transmission, a wideband W1 and a subband W2 with double codebook structure signalled through two levels DCI structure should be supported for frequency selective precoding.
1. Frequency selective precoding for non codebook based transmission 
In LTE, non-codebook-based transmission is supported for downlink transmission, e.g., DMRS-based transmission. Since the precoder is not limited to the matrices defined in the codebook, it can better adapt to the channel characteristic, and therefore can bring performance gain over the codebook-based transmission.
For NR UL transmission, non-codebook-based precoding should also be considered, which is more attractive for TDD system since the channel reciprocity can be exploited. However, it is risky to completely rely on UE’s determination of the precoder, since the inter-user interference will be random and uncontrollable without the coordination of gNB. Additionally, the obtained precoder cannot be used for PUSCH transmission directly without the knowledge of scheduling information especially the MCS information, and MCS should be determined by gNB based on a specific UL precoder. Thus, gNB-centric UL precoder mechanism should be supported to guarantee PUSCH transmission performance.


Figure 2. Non-codebook-based transmission for PUSCH
The procedure of gNB-centric non-codebook-based transmission for PUSCH is shown in Figure 2. Firstly, UE derives multiple uplink candidate precoders based on measurement on downlink RS and channel reciprocity. Then SRS ports precoded with these candidates are transmitted on configured SRS resources. gNB measures the multiple precoded SRS ports and indicates the selected ones to the UE in UL grant. UE will use the indicated precoders to implement the beamforming for PUSCH.
As shown in Figure 1, the gNB-centric non codebook based UL MIMO transmission demonstrates 7~13% gain over codebook based transmission. Thus, we have the following proposal
[bookmark: OLE_LINK33][bookmark: OLE_LINK28][bookmark: OLE_LINK183][bookmark: OLE_LINK184][bookmark: OLE_LINK94][bookmark: OLE_LINK93]Proposal 3: For non-codebook-based transmission, UE-aided and gNB-centric UL precoding should be supported.
1. [bookmark: OLE_LINK35][bookmark: OLE_LINK34]Semi-open loop UL MIMO transmission 
[bookmark: OLE_LINK100][bookmark: OLE_LINK99][bookmark: OLE_LINK96][bookmark: OLE_LINK95]For low mobility scenarios, channel-dependent precoding in the spatial multiplexing mode is clearly better as the UE is able to track the instantaneous channel realization thereby focusing the transmission in “directions” which are strong, thus providing array gain to boost the SINR on the gNB side. For high mobility scenarios, the long-term property of the channel can still be utilized if significant correlation is present in the channel characteristics. Then, semi-open loop MIMO can be applied for UL transmission to enjoy the adaptive array gain. DCI for supporting semi-open loop MIMO should be designed to indicate a set of precoders to be used at the UE.
[bookmark: OLE_LINK185][bookmark: OLE_LINK186]Proposal 4: Semi-open loop UL MIMO based on long-term channel property should be supported.
1. Transmit diversity for UL MIMO transmission
Transmit diversity targets for low SNR scenario to provide robustness for the transmission. In NR, beamformed transmit diversity should be supported for reliable UL transmission especially for the beam blockage in high frequency scenario. The beamformed SFBC should considering the following aspects: orthogonality between beams, periodicity of signalling the precoder(short-term/long-term), granularity of beamforming precoder in frequency domain.
[bookmark: OLE_LINK187][bookmark: OLE_LINK188][bookmark: OLE_LINK58][bookmark: OLE_LINK59]Proposal 5: Transmit diversity for UL MIMO transmission should be supported and the following aspects should be considered
1. [bookmark: OLE_LINK50][bookmark: OLE_LINK49][bookmark: OLE_LINK52][bookmark: OLE_LINK51]orthogonal/non-orthogonal precoder 
1. [bookmark: OLE_LINK32][bookmark: OLE_LINK31]short-term/long-term signalling of the precoder 
1. frequency granularity of the precoder 
[bookmark: OLE_LINK36]
Conclusion
From the above discussion, we have the following observations and proposals:
Proposal 1: For discussion purpose in UL MIMO transmissions, open loop (include semi-open loop) and closed should be used.
Proposal 2: For codebook based UL MIMO transmission, a wideband W1 and a subband W2 with double codebook structure signalled through two levels DCI structure should be supported for frequency selective precoding.
Proposal 3: For non-codebook-based transmission, UE-aided and gNB-centric UL precoding should be supported.
Proposal 4: Semi-open loop UL MIMO based on long-term channel property should be supported.
Proposal 5: Transmit diversity for UL MIMO transmission should be supported and the following aspects should be considered
1. orthogonal/non-orthogonal precoder 
1. short-term/long-term signalling of the precoder 
1. [bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]frequency granularity of the precoder 
[bookmark: OLE_LINK189][bookmark: OLE_LINK190][bookmark: OLE_LINK191][bookmark: OLE_LINK37]References
1. [bookmark: _Ref167612875][bookmark: OLE_LINK1][bookmark: _Ref167612671]“RAN1 Chairman’s Notes”, RAN1 #87, Reno, USA, November 14-18, 2016.

Appendix
Simulation parameters
	Parameter
	Value

	SNR
	[-12 5]dB

	System bandwidth
	20MHz

	Channel Model
	CDLB-300

	Velocity
	3km/h

	eNB Antenna 
	16TR 

	UE Antenna 
	4TR

	UE Number
	1

	Layer Number
	1

	AMC
	ON

	Frame Structure
	UL MIMO of prototype

	CP
	Normal

	Channel Estimation
	Non-Ideal

	Receiver
	MMSE

	Waveform
	OFDM



1

image2.emf
Macro site

UE 1

DL RS

Macro site

SRS

Port 0

Port 1

Port 2

Port 3 Selected Port 1 

for PUSCH

UL grant indicate the 

selected port

UE 1

UE 1

Macro site

Candidate precoders


oleObject1.bin
�

Macro site


�

Macro site


�


image1.png
bps/Hz

SU Rank-1 UL SE

45
4

35
3

25
2

15 —p—CBbased(WholeBandwicth)
- - CBbased(10Subbands)

—&—Non CBbased(Whole Bandwidth)

' ——Non CBbased(10 Subbands)
2 w8 - 4 2 [ 2 4

SNR(dB)




