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1	Introduction 
The Rel-18 WID for MIMO Evolution for Downlink and Uplink is approved [1], which includes the following objective:
Study, and if justified, specify UL DMRS, SRS, SRI, and TPMI (including codebook) enhancements to enable 8 Tx UL operation to support 4 and more layers per UE in UL targeting CPE/FWA/vehicle/Industrial devices
· Note: Potential restrictions on the scope of this objective (including coherence assumption, full/non-full power modes) will be identified as part of the study.

In this contribution, we provide some discussion on the SRI/TPMI enhancements on the 8Tx uplink transmission.
[bookmark: _Ref178064866]2   Discussion
To support the high-demanding UL data rate services and applications, current UL peak data rate has the potential to increase compared to DL to strive for a more balanced spectrum usage and user experience. UE equipped with 8Tx can support up to 8 UL transmission layers with 8Tx equipped.
Considering the SU-MIMO scenario, UE has the potential to support a higher order of rank up to 8 layers, this would make the cost of 8Tx worthy to get a higher data rate as well as higher spectrum efficiency. Targeting CPE/FWA/vehicle/Industrial devices has certain benefits to simplify the transmission design. From all these rising demands for the uplink, we propose to support 8Tx with more than 4 layers compared to up to 4 layers.
Proposal 1: Support 8Tx with more than 4 transmission layers for the UL.
Proposal 2: For the PUSCH, the number of antenna ports should be extended to 8 accordingly.

Current PUSCH transmission has two transmission modes: codebook based and non-codebook based transmission. Both transmission modes are very important and applied for different scenarios. The enhancements on 8Tx SU-MIMO should be applicable to both codebook based UL transmission and non-codebook based UL transmission.
Proposal 3: Support both codebook based UL transmission and non-codebook based UL transmission.

With 8Tx implemented at UE side, 2 codewords need to be supported for the uplink. Currently only one codeword is supported in spec with a maximum Rank-4 transmission layers. 2 codewords can support up to Rank-8. 
Proposal 4: 2 codewords should be supported for up to 8 layers of uplink transmission.
Proposal 5: The supported 2 codeword transmission scheme can be enabled when more than X transmission layers is configured, X is up to UE capability.

2.1 Non-codebook based

For non-codebook based PUSCH transmission, the SRS resource set configuration has the following options for the CSI acquisition:
· Option 1: Up to 8 SRS resources can be configured in a SRS resource set, SRI table needs further extension or redesign, and the bitwidth would be up to 8bits, SRI table may need some re-definition to save DCI bits.
· Option 2: Up to 8 SRS resources can be configured in a SRS resource set, SRI is indicated as the bitmap of the corresponding SRS resources(up to 8 bits), but no effort on the definition of SRI table;
· Option 3: 1 beamformed 8-port SRS resource is configured for the SRS resource set, one port relates to one transmission layer, the precoder is obtained by the associated CSI-RS, SRI can be indicated by the bitmap of the corresponding ports(up to 8 bits).
· Option 4: 1 beamformed 8-port SRS resource is configured for the SRS resource set, one port relates to one transmission layer, the precoder is obtained by the associated CSI-RS, SRI can be indicated by some re-definition to save DCI bits.

Proposal 6: For non-codebook based PUSCH transmission with 8Tx, SRI indicated by the bitmap of the SRS resources or the ports of the SRS resource configured for the SRS resource set is preferred for the simplicity without the effort on the design of new SRI tables.

2.2 Codebook based
[bookmark: OLE_LINK14]For codebook based PUSCH transmission, the supported UE coherence types should be discussed firstly. Rel-15 supports 3 coherence transmission types of UE antenna structures, i.e., full-coherent, partial-coherent, and non-coherent. The Rel-15 UL codebook contains the corresponding full-coherent, partial-coherent, and non-coherent codewords. In Rel-18 UL 8Tx codebook design, to flexibly satisfy the requirements for different coherence transmission capabilities of CPE/FWA/vehicle/industrial devices, the full-coherent, partial-coherent, and non-coherent codewords should also be considered.
Proposal 7: Three coherence types of codewords should be considered in Rel-18 UL 8Tx codebook design, i.e., full-coherent, partial-coherent, and non-coherent codewords. 

Full-coherent codewords design:
In Rel-15 UL 4Tx codebook, the full-coherent codewords are designed on the basis of Rel-15 DL Type I single-panel 4Tx codebook with selected parameters. The detailed parameters for Rel-15 UL 4Tx full-coherent codewords are shown as follows.
	Number of ranks
	Parameters
	Number of codewords

	4Tx 1rank
	CodebookMode=1, L=1, N1=2, N2=1, O1=2, O2=1
	16

	4Tx 2rank
	CodebookMode=1, L=1, N1=2, N2=1, O1=2, O2=1, i1,3=0
	8

	4Tx 3rank
	CodebookMode=1-2, L=1, N1=2, N2=1, O1=2, O2=1, i1,1={0,2}, i1,3=0
	4

	4Tx 4rank
	CodebookMode=1-2, L=1, N1=2, N2=1, O1=2, O2=1, i1,1=0, i1,3=0
	2



In Rel-18 UL 8Tx codebook, it is desirable to use Rel-15 DL DFT-based codebook with selected parameters. The following (N1, N2, O1, O2) can be considered and the high-priority configurations are highlighted in yellow.
· (N1, N2, O1, O2)=(4, 1, 4, 1)
· (N1, N2, O1, O2)=(4, 1, 2, 1)
· (N1, N2, O1, O2)=(2, 2, 4, 4)
· (N1, N2, O1, O2)=(2, 2, 2, 2)
· (N1, N2, O1, O2)=(1, 4, 1, 4)
· (N1, N2, O1, O2)=(1, 4, 1, 2)
The high-performance configurations (N1, N2, O1, O2) and the corresponding parameters (i1,1, i1,2, i1,3, i2) can be determined via simulation evaluation, e.g., the codewords with lower BLER performance and higher throughput. The codewords contain elements other than (1, -1, j, -j) can be deprioritized.
Proposal 8: 8Tx full-coherent codewords can be designed on the basis of Rel-15 DL Type I single-panel 8Tx codebook with selected parameters.

Partial-coherent codewords design:
In Rel-15 UL 4Tx codebook design, the partial-coherent codewords use subsets of Rel-10 UL codebook for ranks 1-3 and use 2 matrices for additional performance for rank 4. In 8Tx partial-coherent codewords design, the antenna ports can be divided into two or more antenna port groups. The 8Tx partial-coherent codewords can be designed based on 8Tx full-coherent codewords or Rel-15 UL 4Tx full-coherent codewords. The orthogonality of codewords need to be satisfied. Two feasible schemes to design 8Tx partial-coherent codewords are proposed in Annex.
Proposal 9: For partial-coherent codewords, the antenna ports can be divided into two or more antenna port groups.
Proposal 10: 8Tx partial-coherent codewords can be designed on the basis of 8Tx full-coherent codewords.
Proposal 11: 8Tx partial-coherent codewords can be designed on the basis of Rel-15 UL 4Tx full-coherent codewords.

Scaling factor of codewords:
[bookmark: OLE_LINK9]To guarantee the normalized power of codewords, we have  where  denotes the precoding matrix. The scaling factor can be set as  where  represents the number of non-zero elements in 8Tx codeword which is determined by the coherence type, antenna port grouping scheme (if partial-coherent is used), and number of layers.
Proposal 12: The scaling factor can be computed as sqrt(1⁄K) where K denotes the number of non-zero elements in 8Tx codeword.

Other issues:
Furthermore, the research on DFT-based multi-panel codebook can be left for FFS. Some other pre-designed orthogonal codebooks other than DFT-based codebook can also be left for FFS. 
The considered evaluation parameters are also shown in Annex.
Proposal 13: The research on DFT-based multi-panel codebook can be left for FFS. Some other pre-designed orthogonal codebooks other than DFT-based codebook can also be left for FFS.

3	Conclusion
In this discussion, we provide our views on the SRI/TPMI enhancements on the 8Tx uplink transmission, our proposals are as follows:
Proposal 1: Support 8Tx with more than 4 transmission layers for the UL.
Proposal 2: For the PUSCH, the number of antenna ports should be extended to 8 accordingly.
Proposal 3: Support both codebook based UL transmission and non-codebook based UL transmission.
Proposal 4: 2 codewords should be supported for up to 8 layers of uplink transmission.
Proposal 5: The supported 2 codeword transmission scheme can be enabled when more than X transmission layers is configured, X is up to UE capability.
Proposal 6: For non-codebook based PUSCH transmission with 8Tx, SRI indicated by the bitmap of the SRS resources or the ports of the SRS resource configured for the SRS resource set is preferred for the simplicity without the effort on the design of new SRI tables.
Proposal 7: Three coherence types of codewords should be considered in Rel-18 UL 8Tx codebook design, i.e., full-coherent, partial-coherent, and non-coherent codewords.
Proposal 8: 8Tx full-coherent codewords can be designed on the basis of Rel-15 DL Type I single-panel 8Tx codebook with selected parameters.
Proposal 9: For partial-coherent codewords, the antenna ports can be divided into two or more antenna port groups.
Proposal 10: 8Tx partial-coherent codewords can be designed on the basis of 8Tx full-coherent codewords.
Proposal 11: 8Tx partial-coherent codewords can be designed on the basis of Rel-15 UL 4Tx full-coherent codewords.
Proposal 12: The scaling factor can be computed as sqrt(1⁄K) where K denotes the number of non-zero elements in 8Tx codewords.
Proposal 13: The research on DFT-based multi-panel codebook can be left for FFS. Some other pre-designed orthogonal codebooks other than DFT-based codebook can also be left for FFS.

4	References
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5	Annex
5.1 Partial-coherent codewords design
In Rel-18 UL 8Tx partial-coherent codewords design, the antenna ports can be divided into two or more antenna port groups. For example, 8 antenna ports are divided into 2 antenna port groups, e.g.,
· The first antenna port group with the antenna port indices {1,3,5,7} and the second antenna port group with the antenna port indices {2,4,6,8}
· The first antenna port group with the antenna port indices {1,2,3,4} and the second antenna port group with the antenna port indices {5,6,7,8}
Two feasible schemes to design 8Tx partial-coherent codewords are proposed in this discussion. For an arbitrary 8Tx L layer full-coherent codeword  with two antenna port groups, the corresponding partial-coherent codeword can be constructed as follows.
· Scheme 1





The full-coherent codeword  is partitioned into two matrixes in which the first matrix  contains the elements corresponding to the first antenna group while the second matrix  contains the elements corresponding to the second antenna group. Then verifying the orthogonality of  and  by computing  and , and selecting  columns of  and  to obtain two new matrixes  and  in which an arbitrary column vector can be orthogonal to the other  column vectors. Then setting the elements of  and  into the first-half (from 1 to ) layers corresponding to the first antenna port group and the second-half (from  to ) layers corresponding to the second antenna port group, respectively. The remaining elements are set as zero. For example, when considering the following full-coherent codeword (Rel-15 DL 8Tx 8rank codebook with i1,1=0, i1,2=0, and i2=0)

	 	
The first antenna port group is assumed to be the antenna port indices {1,3,5,7} while the second antenna port group is assumed to be the antenna port indices {2,4,6,8}. Then  and  can be denoted as

	 	
and

	 	
To verify the orthogonality, we have

	 	
and

	 	
We can easily obtain that the 1st and the 5th layers are not orthogonal to each other, the 2nd and the 6th layers are not orthogonal to each other, the 3rd and the 7th layers are not orthogonal to each other, the 4th and the 8th layers are not orthogonal to each other. We can select, e.g., the {1,2,3,4} (or {1,3,6,8} and so on) layers of  and , to construct the partial-coherent codeword as follows.

		
The orthogonality can be easily verified that  where  represents the identity matrix with dimension 8×8.
· Scheme 2
The Rel-15 UL 4Tx full-coherent codeword  can be used to construct the 8Tx partial-coherent codeword . Setting the elements of  and  into the first-half layers corresponding to the first antenna port group and the second-half layers corresponding to the second antenna port group, respectively, where . The remaining elements are set as zero. For example, when considering the following Rel-15 UL 4Tx full-coherent codeword.

		
Then the UL 8Tx partial-coherent codeword (in which ) can be constructed as

		
The orthogonality can be easily verified that  where  represents the identity matrix with dimension 8×8. When L is odd number, we can select partial column vectors of the matrix and set the elements (multiplying coefficient ) in the second-half layers corresponding to the second antenna port group.

5.2 Simulation parameters
	Parameters
	Values

	Number of Users
	1

	Carrier Frequency
	4GHz

	SCS
	30kHz

	Number of RBs
	[bookmark: _GoBack]100RBs

	Number of Rx
	8

	Number of Tx
	8

	Number of layers
	1-8

	Modulation
	QPSK

	Target code rate
	0.2165

	DMRS configuration
	Type 1

	Channel Model
	TDL-A (30ns), TDL-C (300ns), 
CDL-A (30ns), CDL-C (300ns)

	Velocity
	3km/h

	Channel Estimation
	LMMSE/Real

	Receiver
	MMSE
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