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 Introduction
In RAN #71, a new study item New Radio (NR) Access Technology was approved. The following agreements were made in RAN1#89 meeting for diversity transmission 
Agreements:
· One of the following UL codebook design principles is down-selected until next meeting.
· Alt1:
· NR supports UL codebook at least for a single panel. 
· Note: This does not preclude the use of components of single panel UL codebook for multi-panel.
· FFS on multi-panel UL codebook
· Whether or not support additional components (e.g., panel co-phase)  
· NR supports a UL codebook optimized for single-panel and support multi-panel via indicating multiple TPMIs
· Focus on single panel based UL codebook design first, then support multi-panel via selecting a panel via SRI or indicating TPMI per SRS resource.
· Alt 2: 
· Focus on designing a common framework UL codebook for single-panel and multi-panel
· Alt 3: 
· Design different UL codebooks for single-panel and multi-panel, respectively.
· Codebook details are FFS 
· Existing LTE codebooks should be considered as baseline.

Agreements:
· When the number of transmission ports is less than or equal to 2, frequency selective precoding is not supported for both schemes A and B
· When the number of transmission ports is >2, frequency selective precoding for CP-OFDM can be configured by gNB for both schemes A and B
· FFS how to support/indicate frequency selective precoding (including potentially spec-transparent support)
Note: frequency-selective TPMI is to be discussed separately
In RAN1#90 meeting, the following conclusions were made 
Agreements:
· For DFT-S-OFDM, use rank 1 precoders from table below for 2 Tx with wideband TPMI only
· Note: in the following table “codebook index” should be called “TPMI index”
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Agreements:
· For CP-OFDM
· At least TPMI indices 0-3 for rank 1 and TPMI indices 0 and 1 for rank 2 are used
· One of the two following Antenna port selection mechanisms is supported; 
· Decide among the two alternatives in RAN1# 90bis
· Alt 1: TPMI indices 4 and 5 for rank 1, and 2 for rank 2, from the above table are used for CP-OFDM
· Alt 2: SRI indicates selected antenna ports
Agreements:
· For 2 Tx, use single stage DCI with a semi-statically configured size to convey TPMI, SRI, TRI in Rel-15
· Total combined DCI size of TPMI, TRI, and SRI does not vary with PUSCH resource allocation for single stage DCI
· Specify UE capability identifying if UL MIMO capable UE can support coherent transmission across its transmit chains
· FFS: if UE capability identifies if coherent transmission is supported on all of, vs. none of, vs. on a subset, of its transmit chains
· FFS: how UL MIMO precoding design takes into account the above capability

In this contribution we describe our views on Uplink MIMO.
 Views on Uplink MIMO 
2.1 Codebook for 2 TX antennas
[bookmark: _Ref378529477]In the previous meeting, it was agreed to use code book defined in section 1 for DFT-S-OFDM. For CP-OFDM waveform RAN1 agreed to investigate two alternatives for inclusion of antenna selection in the codebook entries. The two alternatives are 
· Alternative 1: TPMI indices contains antenna selection entries in the codebook
· Alternative 2:  Use SRI to indicate to choose the antenna selection and the codebook does not include antenna selection entries
In our view, antenna selection is an important feature for uplink transmission and should be included as part of the codebook. This is because, we didn’t see any benefits of Alternative 2 apart from the reduced payload size of DCI by 1 bit.  Note that for NR only specific formats for DCI size are defined  and if we agree with this option a new DCI format needs to be defined and requires standardization effort both at RAN1 and RAN4.  On the other hand from our link simulations, we observed that the performance is impacted by alternative 2 as some of the SRS resources are used for antenna selection. 
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Figure 1 shows the spectral efficiency as a function of SNR for the two alternatives with dynamic rank adaptation. Note that in this case, the spectral efficiency is computed by 
Spectrum efficiency = TBS*(1-BLER)/ (T*BW)
Where, TBS is the transport block size in bits, BLER is the block error rate, T is the time duration of one subframe, and BW is the actual bandwidth. The link level simulation assumptions are shown in Table 1. 


	Assumptions 
	Value 

	Carrier frequency
	4.0 GHz 

	Duplex 
	FDD

	System Bandwidth 
	20 MHz 

	Slot length 
	14 OFDM symbols

	Subcarrier spacing 
	15KHz

	Guard time interval
	4.7us (interval of LTE normal CP) as baseline

	FFT size 
	2048

	Data transmission bandwidth 
	10 RB for 15 KHZ spacing 

	Antenna  configuration
	(2, 2)

	Number of codewords
	1

	Channel encoder
	LTE turbo code

	MCS 
	QPSK , 16-QAM , 16 QAM  with  variable code rate with link adaptation

	Control Overhead 
	Zero

	Channel estimation 
	Practical

	UE speed
	3Kmph

	Channel Model
	 TDL-A



Since there is a performance loss in the throughput and the gains in DCI overhead are minimal or zero (if no DCI format is not defined), we prefer Alternative 1 for CP-OFDM.


Proposal 1: NR should support UL codebook where the TPMI indices contains antenna selection entries 


2.2 Fall back Mechanism

In NR, DFT-s-OFDM is a complimentary waveform for uplink in addition to CP-OFDM. Since DFT-s-OFDM is used only in coverage limited UEs, we envision most of the UEs use CP-OFDM for transmitting the uplink control channel and data channel.   As a fall back mechanism to DFT-S-OFDM dynamic switching is supported. For the dynamic transition between CP-OFDM and DFT-S-OFDM, we prefer to use downlink control channel to indicate to the UE about the transition.    
Proposal 2:  Dynamic switching between CP-OFDM and DFT-S-OFDM should be supported



2.3 Frequency selective precoding 

It is well known that frequency selective precoding gives significant gains in some scenarios. For example when the UE is moving at a slow speed etc. However the overhead due to sub band PMI is huge. Hence we prefer to support frequency selective precoding as an additional feature where the network can switch on and off based on channel conditions.
Proposal 3:  Frequency selective precoding should be supported where the network can switch on and off this feature to reduce the signalling overhead  

2.4 DCI design with frequency selective precoding 

Note that, with frequency selective precoding the network needs to indicate the sub band PMIs dynamically. The size of sub band PMIs might change based on the scheduling decisions. In this case, the size of DCI will vary in each scheduling interval.  In our view, we can minimize this overhead based on a two stage DCI design, where we can use the second stage to indicate the sub band PMIs, while the length of the first stage is fixed.
Proposal 4:  Two stage DCI design should be used for indicating sub band PMIs when frequency selective scheduling is enabled. 

[bookmark: _Toc424303267][bookmark: _Toc425248865][bookmark: _Toc425344835][bookmark: _Toc425350726][bookmark: _Toc425501584][bookmark: _Toc425504168]Conclusions
In this contribution, we provide our views on codebook based MIMO schemes for uplink. Based on our observations, we have the following proposal:
Proposal 1: NR should support UL codebook where the TPMI indices contains antenna selection entries 

Proposal 2:  Dynamic switching between CP-OFDM and DFT-S-OFDM should be supported
[bookmark: _Ref450342757]
Proposal 3:  Frequency selective precoding should be supported where the network can switch on and off this feature to reduce the signalling overhead  
 
Proposal 4:  Two stage DCI design should be used for indicating sub band PMIs when frequency selective scheduling is enabled. 







5/5
image1.emf
Codebook  i ndex  Number of layers 

  

1  2  

0    

1    

2    

3    

4    

5    

 


image2.emf
0 2 4 6 8 10 12 14 16 18 20

SNR in dB

0

0.5

1

1.5

2

2.5

3

3.5

4

4.5

5

S

p

e

c

t

r

u

m

 

E

f

f

i

c

i

e

n

c

y

 

i

n

 

b

p

s

/

H

z

Alternative 2

Alternative 1


