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1. Introduction
In RAN1 #110 meeting, the following agreements were reached on SRI/TPMI enhancement for 8Tx UL.
	Agreement
8TX PUSCH is supported in Rel-18
Agreement
For 8TX PUSCH, at least support 
· Ng=1, 2, 4
Note: The above does not restrict the Ng for the non-coherent case
Agreement
For evaluation purpose of codebook alternatives when a precoder based on Rel-15 DL Type I is used, following oversampling ratios are assumed
· (O1, O2) = (1,1), (2,1), (2,2)
· Note: Other values may be used and reported by companies
· Note: When deciding the supported O1, O2 combination, the signalling overhead, performance, UE complexity, etc should be considered
Agreement
RAN1 further studies Alt1b and Alt2a for down-selection of one of the two in RAN1 meeting #110b-e.
· Transmission using one or multiple precoders corresponding to one or multiple SRS resources can be studied as part of the above alternatives.
Agreement
Support up to X layers for codebook and non-codebook UL transmission for 8TX UE where X=4, 8 is determined based on separate UE capability
· For uplink transmission with rank<=4, single CW is supported
· For uplink transmission with rank>4, whether single or dual CW is used will be decided in RAN1 meeting #110b-e
The above applies only with regards to the work scope of this agenda item.
Agreement
For SRS configuration for non-codebook UL transmission for an 8TX UE, down-select from
· Alt1: A single SRS resource set configured with up to 8 single-port SRS resources
· Alt2: Up to two SRS resource sets, each configured with up to 4 single-port SRS resources
· Alt3: Support both alternatives. 
Agreement
Study low overhead solutions for SRI and/or transmitter precoder matrix indication for codebook-based, and SRI indication for non-codebook-based UL transmission by an 8TX UE, 
· FFS using single or separate (exiting or new) fields for the indication, other solutions are not precluded.
· Note: Low overhead schemes for study include those using Rel-15 SRI/TPMI indication mechanisms


In this contribution, we provide our views on the enhancements for 8Tx UL in Rel-18.
2. Discussion on enhancement for 8Tx UL
2.1 Codebook based transmission
2.1.1 Codebook design
In previous meeting, it was decided that RAN1 will further down select between Alt1-b and Alt2-a for codebook design in Rel-18.
For Alt1-b, Rel-15 UL 2Tx/4Tx and/or antenna selection vectors are used for non-coherent/partial coherent UE and Rel-15 DL Type I codebook could be used for full coherent UE.
For Alt2-a, Rel-15 UL 2Tx/4Tx and/or antenna selection vectors are used for all the coherence, i.e., non-coherent/partial coherent/full coherent UE.
Alt2-a is unified solution for different UE coherence. For Alt1-b, the design is different for different coherence assumptions.
We think a unified solution is better. Thus, Alt2-a is the preferred solution if the unified design for different UE coherence is applied, i.e., the full coherent/partial coherent/non-coherent codebook could be based on Rel-15 2Tx/4Tx codebooks.
If the unified solution is not used, then different codebook design scheme could be applied for different UE coherence type.

Full coherent precoders

With Rel-15 2Tx/4Tx codebook, the full coherent precoders with 8 ports could be generated according to Equation (1), where  is a Rel-15 full coherent 2Tx precoder with Rank-, and  is a Rel-15 full coherent 4Tx precoder with Rank-, and  represents Kronecker product operation.
			(Equation 1)
With Equation (1), it can directly generate the precoders with 8-ports for Rank-, where  and .
For example, for ,  could be set to 1, and  could be set to , i.e.,  is a full coherent 2Tx precoding matrix with Rank-1, and  is a full coherent 4Tx precoding matrix with Rank-.
For ,  could be set to 2, and  could be set to , i.e.,  is a full coherent 2Tx precoding matrix with Rank-2, and  is a full coherent 4Tx precoding matrix with Rank-3 or Rank-4.
For Rank value , the 8-port precoding matrix could be generated for Rank-() using Equation (1), and then one specific column is dropped, for example, the last column could be dropped. For example, in order to get 8-port precoding matrix for Rank-7, firstly Rank-8 precoders could be generated by Equation (1), and then the last column of the Rank-8 precoder is dropped to obtain the Rank-7 precoding matrix.
In order to evaluate the performance of different schemes, system level simulation was performed, where the UE antenna layout of one antenna group and (M, N, P)=(1, 4, 2) is assumed. For Type I codebook, the antenna configuration and oversampling setting is  and , and codebookMode=1 is used. The detailed simulation assumption is shown in Appendix.
The simulation results are shown in Table 1.
[bookmark: _Ref110895541]Table 1 System level simulation results
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It could be observed that for maxRank of 1, the performance of full coherent precoders by Alt2-a and Alt1-b are almost the same. For maxRank of 4, the Type I codebook (Alt1-b) shows some gain over Alt2-a, but the gain is not big.
Table 2 shows the comparison on the number of full coherent precoders for Alt2-a and Alt1-b.
[bookmark: _Ref115293297]Table 2 Number of full coherent precoders for Alt2-a and Alt1-b
	Rank
	Alt1-b (N1,N2)=(4,1), (O1,O2)=(4,1)
	Alt2-a

	1
	64
	64

	2
	128
	32

	3
	96
	16

	4
	96
	8


It can be observed that the amount of precoders for Type I codebook is very large compared with Alt2-a.
Therefore, Rel-15 Type I codebook could be used for full coherent UE with 8 Tx, especially for higher rank. But the overhead issue should be taken into account since the number of precoders based on Rel-15 Type I codebook is large.

Non-coherent and partial coherent precoders

For Alt2-a and Alt1-b, the codebook generation for non-coherent and partial coherent is the same, i.e., based on Rel-15 UL 2Tx/4Tx codebook.
The non-coherent and partial coherent precoders can also be generated with Equation (1), i.e., .
For non-coherent 8-port precoder, both 2-Tx precoder () and 4-Tx precoder () should be non-coherent.
For partial coherent 8-port precoder, the 2-Tx precoder () could be non-coherent and the 4-Tx precoder () could be partial/full coherent, or the 2-Tx precoder () could be full coherent and the 4-Tx precoder () could be partial/non-coherent. The coherence selection of  and  depends on the UE antenna structure and numbering of the co-phasing ports.
Similar as full coherent case, Equation (1) can directly generate the non-coherent/partial coherent precoders with 8-ports for Rank-, where  and .
For ,  could be set to 1, and  could be set to , i.e.,  is a 2Tx precoding matrix with Rank-1, and  is a 4Tx precoding matrix with Rank-.
For ,  could be set to 2, and  could be set to , i.e.,  is a 2Tx precoding matrix with Rank-2, and  is a 4Tx precoding matrix with Rank-3 or Rank-4.
For Rank value , the 8-port precoding matrix could be generated for Rank-() using Equation (1), and then one specific column is dropped, for example, the last column could be dropped.

In the RAN1 #109-e meeting, it was also agreed that multiple antenna groups could be considered, and within each group the antennas are assumed to be coherent. Therefore, for a partial coherent UE with 8Tx, there could be two cases, one is the UE has two antenna groups (four coherent ports per group), and the other one is the UE has four antenna groups (two coherent ports per group).

Case A: partial coherent UE with two antenna groups
For partial coherent UE with two antenna groups, each group has four coherent ports. One example of the partial coherent UE is as shown in Figure 1. The coherent ports are {#0, #2, #4, #6} and {#1, #3, #5, #7}.


[bookmark: _Ref110891318]Figure 1 Partial coherent UE with two antenna groups
Then, the partial coherent precoders could be generated according to Equation (1).  is a Rel-15 full coherent 2Tx precoder, and  is a Rel-15 partial coherent 4Tx precoder.
For example, the rank-1 partial coherent precoders would be:


Case B: partial coherent UE with four antenna groups
For partial coherent UE with four antenna groups, each group has two coherent ports. The coherent ports could be {#0, #2}, {#4, #6}, {#1, #3}, and {#5, #7}, as shown Figure 2.


[bookmark: _Ref110893048]Figure 2 partial coherent UE with four antenna groups
In this case, the partial coherent precoders could be generated according to Equation (1).  is a Rel-15 non-coherent 2Tx precoder, and  is a Rel-15 partial coherent 4Tx precoder.
For example, the rank-1 partial coherent precoders could be:

Since the partial coherent precoders are different for Case A and Case B, the partial coherent UE with 8Tx should report its capability, i.e., the number of antenna groups.

Based on the analysis above, we have the following proposals.
Proposal 1:
· For 8Tx UL codebook design, if RAN1 strives for unified solution for different coherence, then Alt2-a is preferred; otherwise, the codebook design could be based on Alt1-b.
Proposal 2:
· For partial coherent UE with 8Tx, the number of antenna groups should be reported.

2.1.2 TPMI indication
The TPMI indication is important for PUSCH transmission with 8Tx. Generally large number of precoders will lead to a lot of DCI overhead. And the TPMI indication should be flexible. The singling design for TPMI indication should be carefully discussed.

Overhead of the precoders

From Table 2, it can be observed that for 8-Tx, the number of full coherent precoders could be large. Thus, it should be further studied to reduce the number of precoders, which is beneficial to reduce the DCI overhead for TPMI indication.
For Alt2-a, it can be observed that the number of full coherent precoders is large for Rank-1 and Rank-2. Therefore, some optimization can be applied for Rank-1 and Rank-2 to reduce the number of precoders. One solution is that the 2Tx full coherent precoder () could be a subset of . For example,  could be selected from  or  could be fixed to .
For Type I codebook, the amount of precoders could be reduced by using smaller value for the oversampling factors, i.e., . For example, for antenna configuration with ,  or  could be used for Type I codebook.
Another option to reduce the amount of precoders for Type I codebook is that a subset of , , , and  could be used for Type I codebook or some restriction could be applied, for example,  could be fixed to 0.
Table 3 shows the comparison on the number of full coherent precoders for Alt1-b and Alt2-a with different settings. For Alt2-a-1, it means . for Alt2-a-2, it means . It can be observed that generally the number of precoders for Alt2-a is less than Alt1-b.
[bookmark: _Ref115376205]Table 3 Comparison on the number of full coherent precoders
	Rank
	Alt1-b
(O1,O2)=(4,1)
	Alt1-b
(O1,O2)=(2,1)
	Alt1-b
(O1,O2)=(1,1)
	Alt2-a
	Alt2-a-1
	Alt2-a-2

	1
	64
	32
	16
	64
	32
	16

	2
	128
	64
	32
	32
	16
	8

	3
	96
	48
	24
	16
	16
	16

	4
	96
	48
	24
	8
	8
	8

	5
	32
	16
	8
	8
	8
	8

	6
	32
	16
	8
	8
	8
	8

	7
	16
	8
	4
	4
	4
	4

	8
	16
	8
	4
	4
	4
	4


System level simulation is also performed to evaluate the performance of Alt2-a, Alt2-a-1 and Alt2-a-2, as shown in Table 4. The assumption is shown in Appendix.
[bookmark: _Ref115388747]Table 4 Performance evaluation on Alt2-a, Alt2-a-1 and Alt2-a-2
	PUSCH, maxRank=1
	PUSCH, maxRank=2
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It can be observed that the performance of Alt2-a, Alt2-a-1 and Alt2-a-2 are very close. So it’s feasible to reduce the number of precoders for Alt2-a by introducing restriction on the 2Tx full coherent precoder ().

Therefore, we have the following proposal.
Proposal 3:
· RAN1 to further discuss how to reduce the amount of precoders for Alt2-a and Alt1-b.

Signaling for TPMI indication

In NR Rel-15, the precoding matrix is defined in TS 38.211. For TPMI indication in DCI scheduling PUSCH, joint encoding of rank indicator and precoder indicator is applied as defined in TS 38.212.
For TPMI indication of 8-Tx PUSCH transmission, there could be several solutions.

Option 1): Joint encoding of rank indicator and precoder indicator
The first solution is to apply the joint encoding of rank indicator and precoder indicator in DC, similar as Rel-15 design. With joint encoding, the precoding matrix of 8-ports should be defined in TS 38.211. And the TPMI indication tables should also be defined in TS 38.212, which include all the precoders for the ranks smaller than or equal to the configured maximum rank value.
From Table 3, it can be observed that the number of precoders are different for different ranks. Thus, with joint encoding, it’s more efficient from overhead perspective.

Option 2): Separate encoding of rank indicator and precoder indicator
The second solution is to have separate encoding of rank indicator and precoder indicator, i.e., separate field for rank indication and precoder indication.
With separate encoding, a new DCI field for rank indication should be introduced. The precoder indication table could include precoders for certain rank. However, the precoder indication field length should be determined by the maximum number of precoders among all the rank values to avoid dynamic change of DCI field size.

Option 3): TPMI indication for Alt2-a
For codebook based on Alt2-a, the TPMI indication could be based on Option 1) or Option 2). In addition, another solution on TPMI indication could be applied for Alt2-a.
With Alt2-a, the full coherent/partial coherent/non-coherent precoders with 8-ports could be generated according to Equation (1).
Therefore, in DCI scheduling PUSCH transmission, the 2-Tx precoder () and 4-Tx precoder () could be indicated. In DCI, there is existing field for TPMI indication and in Rel-17, two TPMI fields could be included.
Therefore, for Alt2-a, the existing fields can be reused to indicate the 2-Tx precoder () and 4-Tx precoder (), and the 8-port precoder could be constructed according to the indicated 2-Tx precoder  and 4-Tx precoder .

Option 4): TPMI indication for Type I codebook
For precoders based on DL Type I codebook, the TPMI indication could be based on Option 1) or Option 2). In addition, another solution on TPMI indication could be applied for Type I codebook.
For Type I codebook, the precoders could be determined by a set of parameters including , , , and .
Therefore, for precoders based on DL Type I codebook, the parameter , , , and  could be indicated via DCI. And the rank indicator should be additionally included in the DCI. According to the indicated values for , , , and , the UE could construct the corresponding 8-port precoder.
In order to reduce DCI overhead, the number of values for , , , and  could be reduced, for example, a subset of , , , and  could be applied for the Type I codebook.
Another way to reduce overhead for Type I codebook is to use RRC/MAC-CE to configure some parameters, e.g., . In DCI, only , ,  needs to be indicated, which results in lower overhead in DCI.

Therefore, we think the TPMI indication for 8-Tx should be carefully discussed.
Proposal 4:
· RAN1 to further discuss the TPMI indication for PUSCH transmission with 8Tx.

Codebook subset configuration

In NR Rel-15, codebook subsets are defined, including fullyAndPartialAndNonCoherent codebook subset, partialAndNonCoherent codebook subset, and noncoherent codebook subset.
In fullyAndPartialAndNonCoherent codebook subset, the full coherent/partial coherent/non-coherent precoders are included. In partialAndNonCoherent codebook subset, the partial coherent/non-coherent precoders are included. In noncoherent codebook subset, only non-coherent precoders are included.
In Rel-18, it should be discussed whether the same principle as Rel-15 is used for 8-Tx PUSCH. For example, whether the fullyAndPartialAndNonCoherent codebook subset should include the precoders for all the coherence.
One option is to follow the Rel-15 principle, i.e., the fullyAndPartialAndNonCoherent codebook subset should include the precoders for all the coherence, and the partialAndNonCoherent codebook subset includes the partial coherent/non-coherent precoders. However, in this way, the DCI overhead for TPMI indication could be very large.
The other option is that the full coherent codebook subset only contains full coherent precoders, the partial coherent codebook subset only contains partial coherent precoders. In this way, the DCI overhead could be reduced since the amount of precoders in the codebook subset is less. However, RRC or MAC-CE may be required to change the codebook subset configuration.
Proposal 5:
· For 8Tx UL, RAN1 to discuss the codebook subset configuration, i.e., whether to follow the principle in Rel-15.

2.1.3 Number of codewords
In RAN1 #110 meeting, it was agreed that up to 8 layers can be supported for PUSCH in Rel-18. For rank<=4, single codeword is used. For rank>4, whether two codewords can be used will be further discussed.
In our understanding, for rank>4, two codewords can be used for more flexibility. Correspondingly, the codeword to layer mapping should be defined. In Rel-15, up to 8 layers with two codewords was already supported for PDSCH. Therefore, the downlink codeword-to-layer mapping can be reused for PUSCH in Rel-18.
Proposal 6:
· For 8Tx UL, two codewords can be used if the rank is larger than 4. The downlink codeword-to-layer mapping could be reused.

For PUSCH, the maximum rank value is configured by RRC. When the maximum rank value is configured to be larger than 4, the rank <=4 can also be scheduled for PUSCH transmission. According to the agreement in RAN1 #110 meeting, single codeword is used for rank<=4. Therefore, the switching between single codeword and dual codewords should be supported.
Proposal 7:
· For 8Tx UL transmission, RAN1 to discuss the switching between single codeword and dual codewords operation.

When dual codewords are used for PUSCH, different MCS/RV/NDI could be used, similar as downlink operation, which might be beneficial from performance perspective. In order to enable codeword specific MCS/RV/NDI, two MCS/RV/NDI fields could be configured in the DCI scheduling PUSCH.
Proposal 8:
· For two codewords, RAN1 to consider different MCS/RV/NDI for different codewords.

For PUSCH transmission with dual codewords, another issue is UCI multiplexing. In the legacy spec, the UCI, including HARQ-ACK, CSI Part I and CSI Part II, is mapped to all the layers.
In Rel-18, for PUSCH with dual codewords, it should be discussed whether UCI is mapped to only one codeword or the UCI could be mapped to both codewords.
If the UCI is mapped to both codewords, the multiplexing seems to be complicated, especially if different MCS is used for different codeword. The resource allocation for UCI over two codewords might be different and requires careful discussion. Mapping UCI to only one codeword seems to be simpler solution.
Proposal 9:
· RAN1 to discuss the UCI multiplexing when two codewords are used, i.e., whether the UCI is multiplexed with only one codeword or the UCI can be multiplexed with both codewords.

2.1.4 SRS configuration
In Rel-16, for codebook-based transmission, the SRS configuration could be different depending on the full power operation, as shown in Table 5.
[bookmark: _Ref110849500]Table 5 Summary of SRS configuration for codebook-based UL in Rel-16
	
	SRS configuration

	Full power disabled
	One SRS resource set.
Up to two SRS resources with the same number of ports.

	Full power enabled
	Full power Mode 0
	One SRS resource set.
Up to two SRS resources with the same number of ports.

	
	Full power Mode 1
	One SRS resource set.
Up to two SRS resources with the same number of ports.

	
	Full power Mode 2
	One SRS resource set.
Up to two or four SRS resources. The SRS resource may have different number of ports.


In Rel-18, to support 8Tx uplink transmission, one SRS resource set could be configured with usage set to ‘codebook’, similar as the configuration in Rel-16.
However, regarding the number of SRS resources, and number of ports for SRS resources, it could be discussed together with full power operation since the configuration is dependent on the full power mode.
Proposal 10:
· For codebook based transmission with 8Tx, one SRS resource set could be configured. The number of SRS resources and number of ports for SRS resources could be discussed together with full power operation.

2.1.5 Full power operation
In Rel-16, full power operation was introduced with different full power operation mode, i.e., Mode 0, Mode 1 and Mode 2. There were three kinds of UE PA architectures considered in Rel-16 full power operation, as shown in Figure 3.
a) All the UE PAs can deliver full power
b) None of the UE PAs can deliver full power
c) A subset of the UE PAs can deliver full power
The maximum output power of one PA could be 23dBm, 20dBm, or 17dBm.


[bookmark: _Ref110287078]Figure 3 UE PA architecture for Rel-16 full power operation with 2Tx
In RAN1 #109-e meeting, it has been agreed to study the full power operation for 8Tx UE and the details could be discussed after the completion of codebook design.
However, it is worthy of discussion on the PA architecture of the UE with 8Tx for full power operation, which is not dependent on the codebook design. For example, whether all the three kinds of PA architectures will be considered in Rel-18. And whether the PA with lower max output power should be considered, e.g., 14 dBm.
Proposal 11:
· RAN1 to discuss the UE PA architectures to be considered for full power operation with 8Tx in Rel-18.

2.2 Non-codebook based transmission
2.2.1 SRS configuration
In Rel-15, for non-codebook based transmission, one SRS resource set is configured with up to 4 SRS resources, and each SRS resource is single port. In the DCI scheduling PUSCH, the SRI filed is the joint encoding of SRI and Rank indicator, as shown in Figure 4. The SRI field length depends on the number of SRS resources () and the maximum number of MIMO layers ().
[image: ]
[bookmark: _Ref110864129]Figure 4 SRI field for non-codebook based transmission with Lmax=4 in Rel-15
In Rel-18, in order to support 8Tx uplink transmission, the non-codebook based transmission should be enhanced to support 8Tx. One SRS resource set could be configured for non-codebook based transmission with 8 Tx. And up to 8 SRS resources with single port could be configured in the SRS resource set. In the DCI, the joint encoding of SRI and RI could be applied to reduce the overhead, similar with Rel-15 design.
Proposal 12:
· For non-codebook based transmission, one SRS resource set could be configured, and joint encoding of SRI and RI is preferred.

3. Conclusion
In conclusion, we have the following proposals on 8Tx UL enhancements in Rel-18.
Proposal 1:
· For 8Tx UL codebook design, if RAN1 strives for unified solution for different coherence, then Alt2-a is preferred; otherwise, the codebook design could be based on Alt1-b.
Proposal 2:
· For partial coherent UE with 8Tx, the number of antenna groups should be reported.
Proposal 3:
· RAN1 to further discuss how to reduce the amount of precoders for Alt2-a and Alt1-b.
Proposal 4:
· RAN1 to further discuss the TPMI indication for PUSCH transmission with 8Tx.
Proposal 5:
· For 8Tx UL, RAN1 to discuss the codebook subset configuration, i.e., whether to follow the principle in Rel-15.
Proposal 6:
· For 8Tx UL, two codewords can be used if the rank is larger than 4. The downlink codeword-to-layer mapping could be reused.
Proposal 7:
· For 8Tx UL transmission, RAN1 to discuss the switching between single codeword and dual codewords operation.
Proposal 8:
· For two codewords, RAN1 to consider different MCS/RV/NDI for different codewords.
Proposal 9:
· RAN1 to discuss the UCI multiplexing when two codewords are used, i.e., whether the UCI is multiplexed with only one codeword or the UCI can be multiplexed with both codewords.
Proposal 10:
· For codebook based transmission with 8Tx, one SRS resource set could be configured. The number of SRS resources and number of ports for SRS resources could be discussed together with full power operation.
Proposal 11:
· RAN1 to discuss the UE PA architectures to be considered for full power operation with 8Tx in Rel-18.
Proposal 12:
· For non-codebook based transmission, one SRS resource set could be configured, and joint encoding of SRI and RI is preferred.
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Appendix: Simulation assumptions

Table 6 System level simulation assumptions
	Parameter
	Value

	Scenario
	Umi

	ISD
	200 m

	Carrier frequency
	3.5 GHz

	Simulation bandwidth
	20 MHz

	Subcarrier spacing
	30 kHz

	Number of UEs
	210

	UE speed
	3km/h

	Traffic model
	Full buffer

	gNB antenna configuration
	(M,N,P,Mg,Ng)=(4,4,2,1,1) with (dH,dV)=(0.5,0.8)λ

	UE antenna configuration
	(M,N,P,Mg,Ng)=(1,4,2,1,1) with (dH,dV)=(0.5,0.5)λ

	MIMO scheme
	SU-MIMO

	Precoding
	Wideband

	Scheduling
	Proportional fair

	UE power class
	23 dBm

	Power control
	Alpha=0.8, P0=-80dBm






11/20
image1.png
cdf

0.9

0.8

0.7

0.6

0.5

0.4

0.3

0.2

0.1

PUSCH, SU-MIMO, maxRank =1

— 8Tx-SVD based

— 8Tx - Rel-15 Type | based
— 8Tx- Rel15 2Tx/4Tx based, full Coherent

1 1.5 2 25

spectral efficiency

3

3.5





image2.png
cdf

PUSCH, SU-MIMO, maxRank = 4

- SVD based

- Rel-15 Type | based
- Rel15 2Tx/4Tx based, full Coherent

0 0.5 1 1.5 2 25
spectral efficiency

3

3.5





image3.emf
UE Port #4

Port #0

Port #2

Port #6

Port #5

Port #1

Port #3

Port #7

Antenna group #0

Antenna group #1


Microsoft_Visio_Drawing.vsdx
UE
Port #4
Port #0
Port #2
Port #6
Port #5
Port #1
Port #3
Port #7
Antenna group #0
Antenna group #1



image4.emf
UE

Port #1

Port #2

Port #0

Port #3

Port #5

Port #4

Port #6

Port #7

Antenna group #0

Antenna group #1

Antenna group #2

Antenna group #3


Microsoft_Visio_Drawing1.vsdx
UE
Port #1
Port #2
Port #0
Port #3
Port #5
Port #4
Port #6
Port #7
Antenna group #0
Antenna group #1
Antenna group #2
Antenna group #3



image5.png
cdf

0.9

0.8

0.7

0.6

0.5

0.4

0.3

0.2

0.1

PUSCH, SU-MIMO, maxRank = 1, 8Tx, Full coherent

Alt2-a
Alt2-a-1
Alt2-a-2

1.5 2 25
spectral efficiency

3.5





image6.png
cdf

0.9

0.8

0.7

0.6

0.5

0.4

0.3

0.2

0.1

PUSCH, SU-MIMO, maxRank = 2, 8Tx, Full coherent

Alt2-a
Alt2-a-1
Alt2-a-2

1.5 2 25
spectral efficiency

3.5





image7.emf
20dBm

20dBm

b)

PA #1

PA #2

20dBm

23dBm

c)

PA #1

PA #2

23dBm

23dBm

a)

PA #1

PA #2


Microsoft_Visio_Drawing2.vsdx
20dBm
20dBm
b)
PA #1
PA #2
20dBm
23dBm
c)
PA #1
PA #2
23dBm
23dBm
a)
PA #1
PA #2



image8.png
Bit field Bit field Bit field
mapped to = mapped to SRI(s), Ngys =3 mapped to
index index

1]
3
]

3 |
]
]
]
]
]
I
]
]
]
]
]
]

6 |
8 |
9
15 ]

15




