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1. [bookmark: _Toc474161164][bookmark: _Toc494727908]Introduction
Following agreements from RAN1#88 and RAN1#88bis for codebook based transmission for uplink were reached:
Agreements:
· Codebook based transmission for UL is supported at least by following signaling in UL grant:
· SRI+TPMI+TRI, where 
· The TPMI is used to indicate preferred precoder over the SRS ports in the selected SRS resource by the SRI.
· No SRI when a single SRS resource is configured
· The TPMI is used to indicate preferred precoder over the SRS ports in the configured single SRS resource.
· Support indication on selection of multiple SRS resources 
· FFS details
Agreements:
· For codebook based transmission for CP-OFDM based UL, when a UE is configured with UL frequency selective precoding and if subband TPMI signaling is supported, support one of the following alternatives: 
· Alt 1:Subband TPMIs are signaled via DCI to the UE only for allocated PRBs for a given PUSCH transmission
· Alt 2:Subband TPMIs are signaled via DCI to the UE for all PRBs in UL, regardless of the actual RA for a given PUSCH transmission
· Other alternatives are not precluded
· Note: Subband TPMI may correspond to W2 if dual-stage codebook is supported
· FFS whether or not wideband TPMI is always signaled along with subband TPMI


Furthermore, the minimum number, as well as the definition, of X and Y ports from the agreement below used to determine the support of frequency selective precoding for Scheme A and B are still undecided.
Agreements:
· Scheme A: Codebook based UL transmission
· For the previous agreement “Support frequency selective precoding for CP-OFDM when the number of transmission port(s) is equal to or greater than X (FFS: Value of X).”, FFS the value X and the interpretation of transmission port(s)
· Scheme B: Non-codebook based UL transmission
· For the previous agreement “Support frequency selective precoding for CP-OFDM when the number of transmission port(s) is equal to or greater than Y (FFS: Value of Y).”, FFS the value Y and the interpretation of transmission port(s)

In RAN1 #89, additional agreements were reached:

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.

In RAN1 #90, the following were agreed:

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

At RAN1 NR Ad Hoc #3, the following agreement was reached:

Agreement:
· For DFT-S-OFDM, support LTE 4Tx rank 1 UL codebook for TPMI 0-15
· Additional codewords for antenna port selection will be also supported
· FFS: Details on the additional codewords for antenna port selection (e.g. number of codewords, scale factors, etc)

In this contribution, we provide performance evaluation on the proposed codebooks in [3] and legacy codebooks.
 


2. Discussion
We conduct simulation evaluations on the following codebooks:
· For Rank 1 codebooks:
a. The codebooks proposed in [4]:
i. the rank 1 codebook from Section 2.1 in [4],
b. the LTE Rel-8 4Tx DL codebook;
c. the LTE Rel-10 4Tx UL codebook;
d. the NR Rel-15 4Tx DL codebook;
· For Rank 2 codebooks:
a. The codebooks proposed in [4]:
i. the rank 2 codebook from Section 2.2.2 in [4] (Construction B)
b. the LTE Rel-8 4Tx DL codebook;
c. the NR Rel-15 4Tx DL codebook;

Two scenarios are studied for the above listed codebooks:
1. large angular spread at the UE side, and the UE antenna spacing is 4 wavelength;
2. small angular spread at the UE side, and the UE antenna spacing is 0.5 wavelength. 


2.1. Evaluation on Rank 1 codebooks
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Figure 1 QPSK + 1/4 coding rate, large angular spread + 4 wavelength antenna spacing
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Figure 2 QPSK + 1/4 coding rate, small angular spread + 1/2 wavelength antenna spacing
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Figure 3 QPSK + 1/2 coding rate, large angular spread + 4 wavelength antenna spacing

[image: ]
Figure 4 QPSK + 1/2 coding rate, small angular spread + 1/2 wavelength antenna spacing
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Figure 5 QAM16 + 1/2 coding rate, large angular spread + 4 wavelength antenna spacing
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Figure 6 QAM16 + 1/2 coding rate, small angular spread + 1/2 wavelength antenna spacing

Observation 1: the proposed Rank 1 codebook outperforms LTE Rel-8 DL 4Tx codebook, LTE Rel-10 UL 4Tx codebook and NR Rel-15 DL 4Tx codebook.

2.2. Evaluation on Rank 2 codebooks
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Figure 7 QPSK + 1/4 coding rate, large angular spread + 4 wavelength antenna spacing
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Figure 8 QPSK + 1/4 coding rate, small angular spread + 1/2 wavelength antenna spacing
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Figure 9 QPSK + 1/2 coding rate, large angular spread + 4 wavelength antenna spacing
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Figure 10 QPSK + 1/2 coding rate, small angular spread + 1/2 wavelength antenna spacing
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Figure 11 QAM16 + 1/2 coding rate, large angular spread + 4 wavelength antenna spacing
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Figure 12 QAM16 + 1/2 coding rate, small angular spread + 1/2 wavelength antenna spacing

Observation 2: the proposed Rank 2 codebook outperforms LTE Rel-8 DL 4Tx codebook  and NR Rel-15 DL 4Tx codebook.


3. Conclusion
In this contribution, we provide evaluation results on 4Tx codebooks. We have 

Observation 1: the proposed Rank 1 codebook [4] outperforms LTE Rel-8 DL 4Tx codebook, LTE Rel-10 UL 4Tx codebook and NR Rel-15 DL 4Tx codebook.

Observation 2: the proposed Rank 2 codebook [4] outperforms LTE Rel-8 DL 4Tx codebook  and NR Rel-15 DL 4Tx codebook.


[bookmark: _Toc474154177][bookmark: _Toc494727916]References
1. [bookmark: _Ref470186210][bookmark: _Ref494704447]R1-1716209, Codebook based transmission for UL, MediaTek, RAN1 NR Ad Hoc #3, September, 2017
2. [bookmark: _Ref494704449]R1-1716785, Codebook based transmission for UL, MediaTek, RAN1 NR Ad Hoc #3, September, 2017
3. [bookmark: _Ref495301242]R1-1718336, Codebook based transmission for UL, MediaTek, RAN1 #90bis, October 2017
4. [bookmark: _Ref495300960]R1-1718780, Codebook based transmission for UL, MediaTek, RAN1 #90bis, October 2017

1

image3.png
BLER

—&— LTE Rel10UL
—6— LTE Rel8DL
—&— NR_Rel15DL
—6— NewdTX

3
SNR (dB)




image4.png
BLER

—&— LTE Rel10UL
—6— LTE Rel8DL
—&— NR_Rel15DL
—6— NewdTX

7
SNR (dB)

10




image5.png
BLER

—&— LTE Rel10UL
—6— LTE Rel8DL
—&— NR_Rel15DL
—6— NewdTX

6 7
SNR (dB)




image6.png
BLER

—&— LTE Rel10UL
—6— LTE Rel8DL
—&— NR_Rel15DL
—6— NewdTX

10 11

12
SNR (dB)

13

14

15




image7.png
BLER

—&— LTE Rel10UL
—6— LTE Rel8DL
—&— NR_Rel15DL
—6— NewdTX

10

11

SNR (dB)

12

13

14




image8.png
BLER

10%

—&— LTE Rel8DL
—&— NRRel15DL
—0— NewdTX

7
SNR (dB)

10




image9.png
BLER

10

—&— LTE Rel8DL
—&— NRRel15DL

—0— NewdTX

SNR (dB)

10




image10.png
BLER

10%

—&— LTE Rel8DL

—&— NRRel15DL

—0— NewdTX

9

10

11
SNR (dB)

12

13

14




image11.png
BLER

—&— LTE Rel8DL
—&— NRRel15DL
—0— NewdTX

9

10

11
SNR (dB)

12

13

14




image12.png
BLER

—&— LTE Rel8DL
—&— NRRel15DL
—0— NewdTX

15

16

17
SNR (dB)

18

19

20




image13.png
BLER

—&— LTE Rel8DL
—&— NRRel15DL
—0— NewdTX

15

16

17
SNR (dB)

18

19

20




image1.emf
Codebook  i ndex  Number of layers 

  

1  2  

0    

1    

2    

3    

4    

5    

 


image2.png
BLER

—&— LTE Rel10UL
—6— LTE Rel8DL
—&— NR_Rel15DL
—6— NewdTX

1 2 3
SNR (dB)





