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1 [bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
[bookmark: _Ref129681832]For 8TX UL operation, the agreement achieved in last meeting can be found in [1]. 
In this contribution, we discuss SRI and TPMI enhancements to enable 8TX UL transmission.
2 Dual CW transmission with up to 8 layers
	Working Assumption
For uplink transmission with rank>4, support dual CW transmission.
Agreement
To support dual CW PUSCH transmission for rank>4 by an 8TX UE, for MCS indication, support
· Alt.2: A second MCS field (5 bits) is indicated for the second codeword

Agreement
To support dual CW PUSCH transmission for rank>4 by an 8TX UE, a second set of NDI (1 bit) and RV (2 bits) fields are indicated. 
· FFS: Details on how to signal
Agreement
To support dual CW PUSCH transmission for rank>4 by an 8TX UE, reuse DL PDSCH scrambling mechanism to initialize the scrambling sequence generator for codeword q{0,1}, 

where , and  are defined similar to the legacy single CW PUSCH transmission.

Agreement
To support UCI multiplexing on PUSCH for transmission with rank>4 by an 8TX UE, UCI is always multiplexed only on one of the CWs, down-select from,
· Alt1: First CW
· Alt2: The CW with the highest MCS (if MCSs are the same, UCI is multiplex on the first CW)



In RAN1#110bis-e meeting [2], dual CW transmission for larger than 4 layers was agreed as a WA. The spectrum efficiency (SE) performance of 2 CWs and 1CW for UL 8TX with rank>4 is evaluated by link-level simulation, and the results are illustrated in Figure 1, where non-Codebook based PUSCH is assumed that the SRS precoders are derived by singular value decomposition (SVD) of channel matrix. The CW-layer mapping of Rel-15 PDSCH is reused for PUSCH with 8TX. The detailed simulation assumptions can be found in Appendix A. 
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(a) Rank 5                              (b) Rank 6
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(c) Rank 7                              (d) Rank 8
Figure 1 LLS performance of 2CWs vs 1CW for 8TX 

It can be observed from the above figures that dual CWs perform better than single CW. Hence, we have the following proposal.
Proposal 1: Confirm the WA that supporting dual CW for uplink transmission with rank>4.

In RAN#112 meeting, some essential enhancements are agreed to enable dual CW transmission, and there are three remaining issues to be discussed.
First, considering CBGTI field, the DL schemes can also be reused. The CBGTI field is of length  bits, where  is the number of CWs. If , the CBGTI field bits are mapped such that the first set of  bits starting from the MSB corresponds to the first TB while the second set of  bits corresponds to the second TB, if scheduled. The first M bits of each set of  bits in the CBGTI field have an in-order one-to-one mapping with the M CBGs of the TB, with the MSB mapped to CBG#0.
Second, for enabling/disabling the second CW, we propose to reuse DL scheme to save effort on discussion. If PUSCH transmission with up to 8 layers is enabled, the second MCS, NDI and RV field always exist regardless of the rank. One of the two transport blocks is disabled if IMCS = 26 and if rvid = 1 for the corresponding transport block. If both transport blocks are enabled, transport block 1 and 2 are mapped to CW 0 and 1 respectively. If only one transport block is enabled, then the enabled transport block is always mapped to the first CW.
Finally, to support UCI multiplexing on PUSCH with rank>4 by an 8TX UE, it’s agreed to down-select from the following options:
· Alt1: First CW
· Alt2: The CW with the highest MCS (if MCSs are the same, UCI is multiplex on the first CW)
We prefer Alt2 to save the number of resource elements for UCI multiplexing. Hence, we have the following proposal.
Proposal 2: For dual CW PUSCH transmission with up to 8 layers by an 8TX UE
· support to reuse Rel-15 NR DL scheme to indicate CBGTI
· support to reuse Rel-15 NR DL enabling/disabling scheme
· support to always multiplex UCI on the CW with the highest MCS. 
   
3 SRI/SRS enhancement for enabling 8TX UL transmission
This section discusses the enhancement of SRI for NCB PUSCH.
3.1 NCB based UL transmission
	Agreement
For SRS configuration required for non-codebook-based UL transmission by an 8TX UE, Alt1 is supported, that is
1. Alt1: A single SRS resource set configured with up to 8 single-port SRS resources
1. FFS: Configuration of up to two, or four SRS resource sets, each configured with up to 4, or 2 single-port SRS resources, respectively.

Proposal 6.2: 

For NCB-based 8TX PUSCH transmission with , where  is the number of configured single-port SRS resources in a resource set,
· All SRS port combinations are supported
· For SRI indication, down-select from,
· Option 1: Use an  bit length bitmap 
· Option 2: Use a legacy-based solution
· Consideration of Lmax for SRI indication
For , Rel-15 SRI indication is reused



For NCB based UL transmission, SRI is used to indicate one or more SRS resources from  SRS resources to UE, where UE uses the same precoder of selected SRS resource to transmit PUSCH. For 4TX UE, the UE can only be configured with up to 4 single-port SRS resource for an SRS resource set. For 8TX UE, the number of candidate precoders of 8TX UE is up to 8. In RAN#110bis-e meeting, it was agreed to support a single SRS resource set configured with up to 8 single-port SRS resources for SRS configuration. In addition, configuration of up to two, or four SRS resource sets is FFS. However, we fail to see the benefits to use multiple SRS resource sets. Moreover, there will be several issues if multiple SRS resource sets are used. For example, considering two SRS resource sets each with up to 4 SRS resources, if , there can be multiple possibilities in configuration across two SRS resource sets, such as 3+3, 2+4, or 4+2, which needs to be further discussed. Hence, we think it is not reasonable to support multiple SRS resource sets.
Proposal 3: For SRS configuration required for non-codebook-based UL transmission by an 8TX UE, configuration of up to two, or four SRS resource sets is not supported.




In legacy, k () SRS resources can be selected from  SRS resource, thus the SRI overhead is  bits, where  is given by the maximum number of layers. For 4TX UE, is up to 4, and the maximum SRI overhead is 4 bits. For 8TX UE, it is agreed in RAN#112 meeting that all SRS port combinations are supported with . For SRI indication, there are two options to be selected. Option 1 is to use a  bit length bitmap, and option 2 is to use a legacy-based solution. For option 2, the overhead of SRI is  bits, which is up to  bits and related to RRC parameter . For example, if , the overhead of SRI is 6bits when  and 3bits when . On the contrary, for option 1, the overhead of SRI is always 8 bits no matter what . To save SRI overhead, we have the following proposal.
Proposal 4: For NCB-based 8TX PUSCH transmission with , a legacy-based SRI indication solution is supported.

To further reduce SRI overhead, the reserved NDI field corresponding to disabled transport block with rank<=4 can be considered. For NCB PUSCH with up to 8 layers, if Rel-15 NR DL enabling/disabling scheme is reused, the disabling/enabling of a TB is indicated to UE through MCS fields and RV fields. Because the 1-bit NDI field corresponding to disabled transport block is not used, it can be considered to use it to reduce DCI overhead. 
Proposal 5: Consider to use the reserved NDI field of the disabled transport block for rank<=4 to reduce DCI overhead.
4 UL 8TX codebook
In this section, we discuss the codebook design for fully coherent UEs and partially/non-coherent UEs.
4.1 Fully coherent codebook
	Agreement
For fully coherent uplink precoding by an 8TX UE, based on NR Rel-15 single panel DL Type I codebook, the following pairs of (N1, N2) values are supported,
· (N1, N2) = (4, 1)
· (N1, N2) = (2, 2)`
A pair of (N1, N2) can be configured with subject to UE capability.

Agreement
Fully coherent uplink precoding by an 8TX UE, based on NR Rel-15 single panel DL Type I codebook
· Precoding matrices generated according to (O1, O2) = (1, 1) is supported
· Further study additional support of precoding matrices generated according to (O1, O2) where O1>1 or O2>1
· Subject to UE capability
· FFS: Different O1, O2 values for different ranks

Agreement
For fully coherent uplink precoding by an 8TX UE, based on NR Rel-15 single panel DL Type I codebook (CodebookMode=1), 
1. Study whether/how to support (O1, O2) = (2,1), (2,2)
4. whether for all rank, or rank 1-2, or rank 3-8
4. applicability of different (O1, O2) values per agreed (N1, N2)
4. companies are encouraged to submit simulation results



4.1.1 Larger oversampling ratios (O1>1, O2>1)
In RAN1#111 meeting [3], it is agreed to use Rel-15 DL Type I single-panel codebook as the starting point for design of the fully coherent UL 8TX codebook. In RAN1#112 meeting, (O1, O2) = (1, 1) is supported to generate fully coherent precoding matrices, and additional support of larger oversampling ratios are FFS. System-level simulation is performed to compare the performance with different oversampling ratios. In the simulation, the UE antenna layouts agreed in RAN1#109-e meeting [4] are used, as shown in Table 1. In RAN1#110bis-e meeting, fully-coherent precoders with Ng=1 is agreed. Hence, we just consider the Case 1 with Ng=1 in Table 1. 
Table 1 The exemplary cases of UE antenna layout
	Case
	Ng
	(, , ) per group
	Antenna Layout

	1
	1
	(2, 2, 2)
(4, 1, 2)
	

	2
	2
	(2, 1, 2)
	

	3
	4
	(1, 1, 2)
	




For (N1, N2) = (2, 2) and (N1, N2) = (4, 1), we respectively choose (O1, O2) = (2, 2) and (O1, O2) = (2, 1). The detailed simulation assumptions can be found in Appendix B, where the antenna setup and port layouts at TRP is (12,4,2,1,1,4,4). 
Figure 2 and 3 show the performance of (O1, O2) = (2, 2) for antenna layout 1-a and (O1, O2) = (2, 1) for antenna layout 1-b, respectively, where rank adaptation with up to 4 layers and 8 layers are considered. It can be seen that larger oversampling ratios in all considered cases have very marginal throughput gain than (O1, O2) = (1, 1). Considering larger oversampling ratios require more indication overhead, we prefer to only support (O1, O2) = (1, 1). 
Proposal 6：For fully coherent precoder by an 8TX UE, don’t support larger O1, O2 values.
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(a) maxRank=4                                    (b) maxRank=8
Figure 2 Throughput comparison between (O1, O2) = (1, 1) and (O1, O2) = (2, 2) for antenna layout 1-a 
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(a) maxRank=4                                    (b) maxRank=8
Figure 3 Throughput comparison between (O1, O2) = (1, 1) and (O1, O2) = (2, 1) for antenna layout 1-b 

4.1.2 Phase alignment error between antennas
The Rel-15 DL type I single-panel codebook is optimized for highly correlated dual-polarized antennas, which is based on DFT matrix. It is agreed in RAN1 #109-e that 8 TX antenna layout follows the regular structure of ULA or UPA. For ULA structure, Rel-15 DL type I single-panel codebook requires that there is a linear phase ramp across the 4 antenna ports in one polarization. For UPA structure, Rel-15 DL type I single-panel codebook requires that the phase difference between the former 2 antenna ports is equal to that between the latter 2 antenna ports. However, as discussed in RAN1#110bis-e meeting, such requirement is typically unsatisfied in practice, where each of the 4 antenna ports in one polarization has a random phase offset. According to the simulation results reported by most companies in RAN1#111 meeting, such random phase offset leads to large performance loss when using Rel-15 DL type I single-panel codebook. Hence, Rel-15 DL type I single-panel codebook needs to be enhancement to compensate for the impairment of random phase offset.
A straightforward method to solve this issue is phase pre-compensation. Specifically, for an 8TX codeword selected from Rel-15 DL type I single-panel codebook, we can introduce three phase pre-compensation coefficients ,  and  to constitute a new codeword as

where ,  and  are respectively used to pre-compensate the phase offset between 2nd, 3rd, 4th antenna ports and 1st antenna port. Typically, 



where ,  and  are used to control the phase resolution. 
In following evaluation, we denote the UL 8TX fully coherent codebook based on Rel-15 DL type I single-panel codebook as “DL type I”, and that based on enhanced Rel-15 DL type I single-panel codebook as “DL type I with phase error compensation”.
System-level simulation is performed to compare the performance of two candidate codebooks for UL 8TX. For “DL type I” and “DL type I with phase error compensation”, we adopt ，, codebookMode=1 for antenna layout 1-a and 1-b. For “DL type I with phase error compensation”, the number of phase pre-compensation coefficients are . The detailed simulation assumptions can be found in Appendix B, where the antenna setup and port layouts at TRP is (12,4,2,1,1,4,4). To explicitly analyze the effect of phase alignment error, we consider each UE is rank-one.
Figure 4 and 5 show the throughput comparison between “DL type I” and “DL type I with phase error compensation” with random phase offset for antenna layout 1-a and 1-b, respectively. Here, the phase offset values of each antenna port is assumed uniformly distributed over , where  takes 0, 45, 90, 135 and 180 degrees. In Figure 4 and 5, we take “DL type I” with  as the baseline. It can be observed that in all considered cases, the throughput of two codebooks decrease with the increase of . However, “DL type I with phase error compensation” achieves larger throughput than “DL type I”, especially for large . For “DL type I” codebook, there is 9.28%~15.44% throughput loss with  and 12.09%~18.44% throughput loss with . With the help of phase pre-compensation, the throughput loss of “DL type I with phase error compensation” codebook with  reduces to 1.81%~4.75%. Table 2 summarizes the throughput gains of “DL type I with phase error compensation” codebook than “DL type I” codebook.
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(a) P0 = -80 dBm                                    (b) P0 = -50 dBm
Figure 4 Throughput comparison between “DL type I” and “DL type I with phase error compensation” with random phase offset for antenna layout 1-a 
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(a) P0 = -80 dBm                                   (b) P0 = -50 dBm
Figure 5 Throughput comparison between “DL type I” and “DL type I with phase error compensation” with random phase offset for antenna layout 1-b

Table 2 Throughput gains of “DL type I with phase error compensation” codebook than “DL type I” codebook
	Phase error
	
	
	
	
	

	1-a with P0 = -80 dBm
	102.60%
	103.99%
	108.05%
	111.50%
	112.51%

	1-a with P0 = -50 dBm
	103.63%
	105.20%
	111.50%
	118.99%
	119.73%

	1-b with P0 = -80 dBm
	102.21%
	103.17%
	106.48%
	108.43%
	108.84%

	1-b with P0 = -50 dBm
	102.97%
	103.92%
	108.35%
	110.62%
	111.78%



Observation 1: For fully coherent 8TX codewords based on “DL type I” codebook, there will be large throughput loss due to phase alignment error, such as 9.28%~15.44% throughput loss with  and 12.09%~18.44% throughput loss with .
Observation 2: For fully coherent 8TX codewords, the throughput gains of “DL type I with phase error compensation” than that of “DL type I” are 2.21%~3.63% for , 3.17%~5.20% for , 6.48%~11.50% for , 8.43%~18.99% for  and 8.84%~19.73% for .
Since fully coherent 8TX codewords based on DL type I codebook has large throughput loss with phase alignment error, and such throughput loss can be compensated by using enhanced DL type I codebook with phase pre-compensation. Hence, we have the following proposal.
Proposal 7：For fully coherent precoder by an 8TX UE, support to enhance DL Type I SP codebook to mitigate the impact of phase alignment error.

4.2 Partially/non-coherent codebook
	Agreement
For non-coherent uplink precoding by an 8TX UE, following precoders are supported for 1 layer transmission. 

with the scaling factor of .

Proposal 3.1b: 
For partially coherent uplink precoding by an 8TX UE codebook,
· When Ng=2
· Precoding design is based on Rel-15 UL 4TX codebook,
· Full-coherent precoders are used
· FFS whether partial-coherent precoders are needed
· When Ng=4, down-select from,
· Alt1:
· Precoding design is based on Rel-15 UL 2TX codebook,
· Full-coherent precoders are used
· Alt2:
· Precoding design is based on Rel-15 UL 4TX codebook,
· Partial-coherent precoders are used




For partially/non-coherent precoders, it is agreed in RAN1#110bis-e meeting to support NR Rel-15 UL 2TX/4TX codebooks and/or 8x1 antenna selection vector(s) as the starting point.
4.2.1 Partially coherent precoders with Ng=2 
In RAN1#112 meeting, it is agreed to design partial coherent precoders with Ng=2 based on Rel-15 UL 4TX codebook. A typical precoding structure can be shown as follows:
· For rank = 1
·  or   where  is a rank-1 fully coherent precoding matrix taken from Rel-15 UL 4TX codebook
· For rank = 2, 3, 4
·   or or  , where ,  and  are fully coherent precoding matrices taken from Rel-15 UL 4TX codebook, and rank= rank() or rank() + rank() is one of 2, 3 or 4
· For rank >4,
· , where  and  are fully coherent precoding matrices taken from Rel-15 UL 4TX codebook, the rank=rank() + rank() is one of 5, 6, 7 or 8,
where only fully coherent Rel-15 UL 4TX precoders are considered to save overhead.
Furthermore, the layer splitting schemes for each rank needs to be discussed. The following FL proposal agreed in RAN1#112 meeting list all possible layer splitting schemes for each rank.
	Proposal 3.3: 
For partially coherent uplink precoding by an 8TX UE codebook, Ng=2, 
· Following rank and layer splitting cases are supported
	Rank
	All layers in one Antenna Group
	Layers split across 2 Antenna Groups

	1
	(1,0), (0,1)
	· 

	8
	· 
	(4,4)



· Select from the following cases based on the performance and overall DCI overhead
	Rank
	All layers in one Antenna Group
	Layers split across 2 Antenna Groups

	2
	(2,0), (0,2)
	· 

	2
	· 
	(1,1)

	3
	(3,0), (0,3)
	· 

	3
	· 
	(2,1), (1,2)

	4
	(4,0), (0,4)
	· 

	4
	· 
	(2,2), (3,1), (1,3)

	5
	· 
	(4,1), (1,4), (2,3), (3,2)

	6
	· 
	(4,2), (2,4), (3,3)

	7
	· 
	(4,3), (3,4)


Note: Above is not relevant to how precoders are indicated.



To accommodate various UE layouts and dynamically varied channel environments, we prefer to support all possible layer splitting schemes for each rank. From the perspective of indication, we prefer a simple scheme with a TPMI field composing of two 5-bit sub-fields, where each sub-field is to indicate one precoder. Such scheme can support all possible layer splitting schemes for each rank.
Proposal 8：For partially coherent precoder with Ng=2 by an 8TX UE, support all possible layer splitting schemes for each rank.
4.2.2 Partially coherent precoders with Ng=4 
For partially coherent precoders with Ng=4, we can also adopt the above precoding structures for Ng=2 with slight change to save spec effort, where ,  and  are partially coherent precoding matrices taken from Rel-15 UL 4TX codebook. 
A second precoding structure based on Rel-15 UL 2TX codebook was also discussed, shown as below

where rank=rank() + rank() + rank() + rank() is one of 1~ 8, rank(), rank(), rank() and rank() can be one of 0~2, and , , , and  are empty matrices or fully coherent precoding matrices taken from Rel-15 UL 2TX codebook.
Table 3 lists the number of codewords for partially coherent precoders with Ng=4 based on “UL 4TX” and “UL 2TX”. It can be observed that the number of codewords of “UL 2TX” is almost 6 times than that of “UL 4TX”, which leads to 12-bit indication overhead. Intuitively, it is not necessary to use so much overhead for partially-coherent precoders with Ng=4, where only two antenna ports can be performed with coherent transmission. 
Table 3 Number of codewords
	Rank
	1
	2
	3
	4
	5
	6
	7
	8
	Total number of codewords

	“UL 4TX”
	16
	80
	132
	100
	64
	36
	8
	4
	440

	“UL 2TX”
	16
	104
	352
	664
	704
	416
	128
	16
	2400



Observation 3: For partial coherent 8TX precoders with Ng=4, the codebook based on Rel-15 UL 2TX requires 3 more indication bits than that based on Rel-15 UL 4TX. 

System-level simulation is performed to compare the performance of two candidate precoding structures for partially-coherent precoders with Ng=4. Here, we consider the Case 3 with Ng=4 in Table 1. Within each group, antenna elements are spaced by 0.5λ. Both the horizontal and vertical spacings (dG-H, dG-V) between the centers of adjacent antenna groups are 2λ. The detailed simulation assumptions can be found in Appendix B, where the antenna setup and port layouts at TRP is (12,4,2,1,1,4,4). It can be seen from Figure 6 that “UL 2TX” has very marginal throughput gain than “UL 4TX”.
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(a) antenna layout 3-a                          (b) antenna layout 3-b
Figure 6 Throughput comparison between “UL 4TX” and “UL 2TX” for Ng=4
It can be observed that:
Observation 4: For partial coherent 8TX precoders with Ng=4, the codebook based on Rel-15 UL 2TX has very marginal throughput gain than that based on Rel-15 UL 4TX, about 0.51%~1.69%. 
Considering both performance and overhead, we have the following proposal:
Proposal 9：For partially coherent precoder with Ng=4 by an 8TX UE, support to design precoder based on Rel-15 UL 4TX codebook.
4.2.3 Non-coherent precodes
For non-coherent precoders, we can also adopt the above precoding structures for Ng=2 and Ng=4 with slight change to save spec effort, where ,  and  are non-coherent precoding matrices taken from Rel-15 UL 4TX codebook.
Based on the above analysis, we can design a general precoding structure for partially coherent precoders with Ng=2/Ng=4 and non-coherent precoders, and we have the following proposal.
Proposal 10：For partially/non-coherent precoder by an 8TX UE, support the following precoding structures 
· For rank = 1
·  or   
· For rank = 2, 3, 4
·   or or  
· For rank >4,
· 
where ,  and  are fully coherent or partially coherent or non-coherent precoding matrices taken from Rel-15 UL 4TX codebook for partial coherent precoders with Ng=2 or partial coherent precoders Ng=4 or non-coherent precoders. 
5 UL precoder indication enhancement 
In this section, we discuss the precoder indication.
5.1 Discussion on field size of DCI precoder indication field 
In the existing NR specification, TPMI and TRI are jointly encoded to indicate the selected codeword and rank to UE, which is indicated by the “Precoding information and number of layers” field in DCI. For 4TX UE in Rel-15, the UL transmission layer per UE is up to 4. When the UL transmission layer for 8TX UE is increased to 8, the indication of TPMI and TRI will require a larger field than the legacy. In the existing NR specification, the maximum overhead of “Precoding information and number of layers” field is 6 bits. If UL 8TX codebook is designed based on Rel-15 UL 4TX codebook and reuse the legacy TPMI and TRI indication rule, the maximum size of “Precoding information and number of layers” field may reach up to 12 bits. If UL 8TX codebook is designed based on Rel-15 DL type I codebook with antenna selection vector and reuse the legacy PMI indication rule, the maximum indication overhead may exceed 12 bits. 
Observation 5: To support 8TX CB based UL transmission, the field size of TPMI indication field is increased by at least twice than legacy. 
Although the indication overhead can be reduced by reducing the number of codewords, such as lower oversampling ratios for DL type 1 and fixed rank for UL 4TX, the performance will be degraded. 
5.2 Discussion on high-resolution UL precoder
To reduce the DCI payload, the existing Rel-15 UL 2TX/4TX codebook and Rel-15 DL Type I codebook, as well as the above-mentioned UL 8TX codebook have limited number of codewords, resulting in a low-resolution precoder. 8TX introduces more spatial degree of freedom compared to 2TX and 4TX, which can improve the UL throughput. To maximize the throughput improvement introduced by 8TX, high-resolution precoder should be considered. 
Figure 7 and 8 show UL system-level simulation results for 8TX UE with up to 8 layers. The detailed simulation assumptions can be found in Appendix B, where the antenna setup and port layout at UE is (2,2,2,1,1,2,2). Network layout is 1*3 cell, 10 UE per cell. Here we consider DL type 1 single-panel codebook with as a basis with ， and codebookMode=1. The label of EigenVector denotes that the precoder of each UE is from the eigenvectors of SVD decomposition of the channel matrix, which represents the upper bound of high-resolution precoder. It can be observed that “EigenVector” precoder can obtain 20~33% throughput gain compared with codebooks of “DL type I”.
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(a) 64QAM                                           (b) 256QAM
Figure 7 Throughput for DL type I and EigenVector precoder at 32R

[image: ]
(a) 64QAM                                           (b) 256QAM
Figure 8 Throughput for DL type I and EigenVector precoder at 64R
Observation 6: High-resolution precoder such as eigenvector precoder can obtain 20~33% throughput gain compared with that based on DL type I for UL 8TX. 
5.3 Beamformed CSI-RS based UL precoder indication
As we have discussed above, the field size of DCI indication field for indicating 8TX codebook is increased by at least twice than legacy, that is at least 12 bits, which is a large overhead. In addition, high-resolution precoder will lead to unacceptable indication overhead with the legacy DCI indication method. Hence, it is essential to consider new UL precoder indication method to resolve the above issue.
Beamformed CSI-RS can resolve the issues of large DCI overhead, where CSI-RS is used to indicate the selected precoder by TRP to UE, instead of traditional DCI. Specifically, TRP transmits a beamformed CSI-RS with precoder WDL. Then after the TRP-UE channel H, UE can receive the CSI-RS as a vector PUL with dimension nRxx1 , where nRx is the number of receive antenna ports at UE. Then the received vector can be used as a UL precoder for UE.

By choosing the precoder WDL of CSI-RS, the selected precoder PUL can be indicated to UE with high precision. Because the CSI-RS overhead is not related to the number of codewords, we can design a high-resolution codebook with large codebook size. Even TRP can directly indicate a high-resolution precoder (such as “EigenVector” precoder) to UE without codebook. Note that the considered beamformed CSI-RS based UL precoder indication requires reciprocity between UL and DL channels, which can be used for TDD networks. 
To indicate the precoder of one layer, the above beamformed CSI-RS based UL precoder indication requires 1 CSI-RS port. For 8TX UL transmission with up to 8 layers, 8 CSI-RS ports are required, which occupies 8 resource elements. If we use the 8 resource elements to transmit DCI in PDCCH with QPSK modulation, the number of bits to be transmitted is typically 8*2*0.2=3.2, where 0.2 is a typical value of code rate in PDCCH. Compared to the DCI indication overhead in the above-mentioned UL 8TX codebook, the overhead of beamformed CSI-RS based UL precoder indication is greatly reduced. 
With the beamformed CSI-RS, the overhead can be reduced and the resolution of indication can be increased. Therefore, we have the following proposal.
Proposal 11: The beamformed CSI-RS should be considered to indicate UL precoders to UE.

6 Conclusions
[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]The contribution discusses the SRI, TPMI (including codebook) enhancement for enabling 8TX UL transmission, based on which the following observations and proposals are made.
Observation 1: For fully coherent 8TX codewords based on “DL type I” codebook, there will be large throughput loss with phase alignment error, such as 9.28%~15.44% throughput loss with  and 12.09%~18.44% throughput loss with .
Observation 2: For fully coherent 8TX codewords, the throughput gains of “DL type I with phase error compensation” than that of “DL type I” are 2.21%~3.63% for , 3.17%~5.20% for , 6.48%~11.50% for , 8.43%~18.99% for  and 8.84%~19.73% for .
Observation 3: For partial coherent 8TX precoders with Ng=4, the codebook based on Rel-15 UL 2TX requires 3 more indication bits than that based on Rel-15 UL 4TX. 
Observation 4: For partial coherent 8TX precoders with Ng=4, the codebook based on Rel-15 UL 2TX has very marginal throughput gain than that based on Rel-15 UL 4TX, about 0.51%~1.69%.  
Observation 5: To support 8TX CB based UL transmission, the field size of TPMI indication field is increased by at least twice than legacy. 
Observation 6: High-resolution precoder such as eigenvector precoder can obtain 20~33% throughput gain compared with that based on DL type I for UL 8TX. 

Proposal 1: Confirm the WA that supporting dual CW for uplink transmission with rank>4.
Proposal 2: For dual CW PUSCH transmission with up to 8 layers by an 8TX UE
· support to reuse Rel-15 NR DL scheme to indicate CBGTI
· support to reuse Rel-15 NR DL enabling/disabling scheme
· support to always multiplex UCI on the CW with the highest MCS.
Proposal 3: For SRS configuration required for non-codebook-based UL transmission by an 8TX UE, configuration of up to two, or four SRS resource sets is not supported.
Proposal 4: For NCB-based 8TX PUSCH transmission with , a legacy-based SRI indication solution is supported.
Proposal 5: Consider to use the reserved NDI field of the disabled transport block for rank<=4 to reduce DCI overhead.
Proposal 6：For fully coherent precoder by an 8TX UE, don’t support larger O1, O2 values.
Proposal 7：For fully coherent precoder by an 8TX UE, support to enhance DL Type I SP codebook to mitigate the impact of phase alignment error.
Proposal 8：For partially coherent precoder with Ng=2 by an 8TX UE, support all possible layer splitting schemes for each rank.
Proposal 9：For partially coherent precoder with Ng=4 by an 8TX UE, support to design precoder based on Rel-15 UL 4TX codebook.
Proposal 10：For partially/non-coherent precoder by an 8TX UE, support the following precoding structures 
· For rank = 1
·  or   
· For rank = 2, 3, 4
·   or or  
· For rank >4,
· 
where ,  and  are fully coherent or partially coherent or non-coherent precoding matrices taken from Rel-15 UL 4TX codebook for partial coherent precoders with Ng=2 or partial coherent precoders Ng=4 or non-coherent precoders. 
Proposal 11: The beamformed CSI-RS should be considered to indicate UL precoders to UE.
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Appendix A
	Parameter
	Value

	Carrier Frequency
	3.5GHz

	Waveform
	CP-OFDM

	Bandwidth
	20MHz

	SCS
	30kHz

	BS antenna configuration
	(8,8,2,1,1,4,8) with (𝑑H, 𝑑V) = (0.5, 0.8)𝜆

	UE antenna configuration
	   (1,4,2,1,1,1,4) with (dH,dV) = (0.5, 0.5)λ

	Channel model
	CDL-B with 100ns delay spread

	UE speed
	3Km/h

	Modulation
	Adaptive MCS with up to 64QAM

	Layer mapping
	Fixed Rank
Rank 5: 1st CW@RANK1-2, 2nd CW@RANK3-5
Rank 6: 1st CW@RANK1-3, 2nd CW@RANK4-6
Rank 7: 1st CW@RANK1-3, 2nd CW@RANK4-7
Rank 8: 1st CW@RANK1-4, 2nd CW@RANK4-8

	DMRS configuration 
	Type 1 double symbol DMRS 


Appendix B
	Parameter
	Value

	Duplex, Waveform
	TDD, OFDM

	Carrier Frequency
	3.5G

	Channel Model
	According to the TR 38.901

	Scenario
	Uma with 500 m ISD

	Antenna setup and port layouts at TRP
	(12,8,2,1,1,4,8) with (𝑑H, 𝑑V) = (0.5, 0.8)𝜆
(12,4,2,1,1,4,4) with (𝑑H, 𝑑V) = (0.5, 0.8)𝜆

	Antenna setup and port layouts at UE
	(2,2,2,1,1,2,2) , (1,2,2,2,1,1,2) , (1,1,2,2,2,1,1)
(1,4,2,1,1,1,4) , (1,2,2,1,2,1,2) , (1,1,2,1,4,1,1) 
 (𝑑H, 𝑑V) = (0.5, 0.5)𝜆  (𝑑G-H, 𝑑G-V) = (2, 2)𝜆

	TRP antenna height
	30m

	TRP receiver noise figure
	5dB

	UE Tx power
	23 dBm

	UE antenna height
	3m

	Numerology
	14 OFDM symbol per slot, 30kHz SCS

	Modulation 
	up to 256QAM

	Bandwidth
	20 MHz

	MIMO scheme
	SU-MIMO 

	Rank
	Rank adaptation with up to 8 layers

	Traffic model
	Full buffer

	UE distribution
	100% outdoor (3km/h) 

	BS receiver
	MMSE-IRC

	Network Layout
	1*3 cell, 30 UE per cell

	Precoder granularity
	Wideband

	Scheduling granularity
	4RB

	Power control
	Open loop; alpha = 0.8; P0 = -50, -80 dBm




image3.wmf
{

}

ú

ú

ú

ù

ê

ê

ê

é

÷

÷

ø

ö

ç

ç

è

æ

÷

÷

ø

ö

ç

ç

è

æ

å

=

SRS

max

,

min

1

SRS

2

log

N

L

k

k

N


oleObject1.bin

image4.wmf
SRS

N


oleObject2.bin

oleObject3.bin

image5.png
la

1b





image6.png
2-a

2-b





image7.emf
d

G-H

d

G-H

d

G-V

3-a  3-b


oleObject4.bin

image8.png
120%

100 ~ 102.86% 100%  101.12%
100%
80%
60%
40%
20%
0%
P0O=-50 PO=-80

m(01=1,02=1) m(01=2,02=2)




image9.png
120%
100%  101.34% 100%  101.51%

100%
80%
60%
40%
20%

0%

P0=-50 P0=-80

m(01=1,02=1) ®(01=2,02=2)




image10.png
120%

100% 103.08% 100% 102.36%
100%
80%
60%
40%
20%
0%
P0=-50 P0=-80

m(01=1,02=1) m(01=2,02=1)




image11.png
120%

lo0%  103:54% 100%  102.77%
100%
80%
60%
40%
20%
0%
PO=50 PO=-80

m(01=1,02=1) ®(01=2,02=1)




image12.png
120%

,102.60% 102.43% 9%
100% 98.50% 101.33% 98.24%
100% 93.78%] 95.25%
88.11%)
84.66%

80%

60%

40%

20%

0%
0 45 90 135 180

m DL Type | m DL Type | with phase error compensation




image13.png
120%

100%

80%

60%

40%

20%

0%

103.63%
100%

103.78% 102.89%

98.65%,

45

mDLType |

100.62%
92.28%
| 84.56%)
90 135

W DL Type | with phase error compensation

97.65%

81.56%)

180




image14.png
120%

4102.21% 2.04% 5

1009 98.90% 100.80% 08.37% )

100% 94.67% . 95.68%

90.72% &7 0190
80%
60%
40%
20%
0%
0 5 90 135 180

EDLType | DL Type | with phase error compensation




image15.png
120%

,102.97% 103.20% 102.53% 9
100 99.31% 99.98% 98.19%
100% 94.63%
90.38% 87.84%

80%

60%

40%

20%

0%
0 45 90 135 180

EDLType | W DL Type | with phase error compensation




image16.png
120%

100% 100.79% 100% 101.02%
100%
80%
60%
40%
20%
0%
P0=-50 P0=-80

BULATX mUL2TX




image17.png
120%

100%  101.69% 100%  100.51%
100%
80%
60%
40%
20%
0%
PO=-50 PO=-80

BULATX mUL2TX




image18.png
140.00%

120.00%

100.00%

80.00%

60.00%

40.00%

20.00%

0.00%

131.28%

100.00%

P0=-50

mDLtype |

m EigenVector

117.89%

100.00%

P0=-80

160.00%

140.00%

120.00%

100.00%

80.00%

60.00%

40.00%

20.00%

0.00%

133.47%

123.29%

100.00% I 100.00% I
PO=50 PO=-80

mDLtype | M EigenVector




image19.png
140.00% 127.69% 140.00% 128.54%
120.84% 122.52%

120.00% 120.00%
100.00% 100.00% 100.00%

100.00%
80.00%
60.00%
40.00%
20.00%
0.00%

100.00%
80.00%
60.00%
40.00%
20.00%

0.00%

100.00%

P0=-50 P0=-80 P0=-50 P0=-80

mDLtype | M EigenVector mDLtype | M EigenVector




image1.png
SE

10
10

9
s s

7
46

6
s 4

4
2

3
o

4 6 8 10 12 1 16 18 20 2 4 6 & 10 12 1& 16 18
SNR (dB) SNR (dB)




image2.png
SE

12
10 10
8 s
6 46
. 4
2 2
o
1 12 14 1 18 20 2 0 12 14 16 18 2
SNR (dB)

SNR (dB)




