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1. Introduction
In RAN1 #111 meeting, the following agreements were reached on SRI/TPMI enhancement for 8Tx UL.
	[bookmark: _Hlk118475247]Agreement
For a fully coherent uplink precoding by an 8TX UE, 
 Support NR Rel-15 single panel DL Type I codebook as the starting point for design of the codebook
o FFS: For a constructed codebook with size M based on above method, unless ; otherwise, round up the codebook size to the smallest integer  by adding  precoders generated via Alt 2a. 
 No LS to RAN4 will be needed
Agreement
For PUSCH transmission with rank>4 by an 8TX UE, to support dual CW transmission, 
· specify MCS, NDI, RV indication for the second CW
· specify PUSCH Scrambling for the second CW
· specify UCI multiplexing on PUSCH for dual CW transmission
· study whether/how Enabling/Disabling the second CW
FFS: Optimization of DCI to indicate the above
Note: Strive to reuse Rel-15 NR DL schemes where possible.
Agreement
For PUSCH transmission with rank>4 by an 8TX UE, to support UCI multiplexing on PUSCH, down-select at least one of the following options in RAN1#112,
· Option1: UCI is always multiplexed on one of the CWs
· Option2: UCI is multiplexed on both CWs
· Option3: Based on UCI (e.g., type, payload size, etc.) UCI is multiplexed on one or both CWs
· Option4: UCI is multiplexed only when single CW is enabled
· Option5: UCI is repeated across the two CWs
· Other options are not precluded
Agreement
For CB-based 8TX PUSCH transmission, for rank indication, down-select among the following
1. Separate indication of TRI and TPMI
1. Joint indication of TRI and TPMI
Agreement
Study full TX power uplink codebook-based transmission by a partially/non-coherent 8TX precoder,
1. Reuse Rel-16 UE capability definitions for discussion purpose, i.e., UE Capability 1, 2 and 3
1. For full TX power transmission by UE Capability 2/3, at least, following exemplary PA architectures can be considered 
3. Other cases of interest are not precluded, down-select preferred potential architecture for the purpose of 8TX full power study in RAN#112.
3. This can be used for other UE Power Classes as well.
	8TX UE, Power class 3 (23 dBm)
Pi= Nominal power rating of each PA

	

	Regular UE
	P1=P2= …=P8=14 dBm 
(Full power supported by Mode1)

	
	











Full-power capable UE
	Full power capability with any PA comb. (CAP1)
Example: 
P1=P2= …=P8= 23 dBm


	
	
	Full power capability with 1 PA (CAP3)
Example: 
P1=P2= …=P7= 14 dBm
P8= 23 dBm


	
	
	(lower priority) Full power capability with 2 PAs (CAP2)
Example 2a: 
P1=P2= …=P6= 14 dBm, P7=P8 ≥ 20 dBm
Example 2b:
P1=P2= …= P8= 20 dBm


	
	
	(lower priority) Full power capability with 4 PAs (CAP2)
Example 3a: 
P1=P2= …=P4= 14 dBm, P5=P6= …=P8 ≥ 17 dBm
Example 3b: 
P1=P2= …= P8 = 17 dBm


	
	
	(lower priority) Full power capability with 6 PAs (CAP2)
Example 4a: 
P1=P2= 14 dBm, P3=P4= …=P8 ≥ 15.3 dBm
Example 4b: 
P1=P2= … = P8≥ 15.3 dBm


	
	
	

	
	
	

	
	
	


Agreement
For an 8TX partial/non-coherent precoder, for study on full power codebook-based PUSCH transmissions, use Rel-16 full power modes as the starting point for the design. 
Note: This does not mandate support of all Rel-16 modes.


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 Full coherent precoders
In RAN1 #111 meeting, it was agreed that Rel-15 DL single panel Type I codebook will be used for full coherent precoders with 8Tx in Rel-18. The remaining issue for the Type I codebook would be to determine antenna configurations (N1, N2) to be supported and the oversampling factors. In Rel-15 DL Type I codebook, for 8-port transmission, the supported antenna configurations are (N1, N2)=(4, 1) and (N1, N2)=(2, 2). Similarly, for full coherent precoders with 8Tx in Rel-18 uplink, the antenna configuration of (N1, N2)=(4, 1) and (N1, N2)=(2, 2) can be supported, and it could be up to UE capability which configuration is supported by the UE.

Proposal 1:
· For 8-port full coherent precoders by DL Type I codebook, support the antenna configuration of (N1, N2)=(4, 1) and (N1, N2)=(2, 2). The UE can report which configuration is supported.

Regarding the oversampling factor (O1, O2), it has impact on the number of precoders. Large values of (O1, O2) will lead to significant overhead. Table 1 shows the number of precoders for (N1, N2) = (4, 1) with different oversampling factor values.
[bookmark: _Ref127130601]Table 1 Number of precoders for (N1, N2) = (4, 1) with different (O1, O2)
	Rank
	(O1,O2)=(4,1)
	(O1,O2)=(2,1)
	(O1,O2)=(1,1)

	1
	64
	32
	16

	2
	128
	64
	32

	3
	96
	48
	24

	4
	96
	48
	24

	5
	32
	16
	8

	6
	32
	16
	8

	7
	16
	8
	4

	8
	16
	8
	4

	Total
	480
	240
	120



System level simulations were performed to evaluate the performance of different oversampling factors for antenna configuration . The detailed simulation assumptions are shown in the Appendix.
The simulation results of average UE throughput, and 95%-ile UPT are shown in Table 2. From the simulation results, it can be observed that there is no significant performance gap for different oversampling factors. Considering the overhead due to larger oversampling factor value, the oversampling factor  should be supported as baseline and other values could be further studied.







[bookmark: _Ref127131922]Table 2 Performance comparison for Type I codebook with different oversampling factors
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Proposal 2:
· For the oversampling factors of Type I codebook, support (O1, O2)=(1,1) as baseline.

2.1.2 Partial coherent precoders
2.1.2.1 Partial coherent precoder structure for Ng=2
In RAN1 #111 meeting, the codebook design for partial coherent UE with 8Tx was discussed. However, consensus could not be reached. For partial coherent UE with two antenna groups, i.e., Ng=2, there were several alternatives for partial coherent precoder generation, as shown below.
Alt 1): Kronecker-based solution
.
where  represents Kronecker product operation.  is the 8-Tx precoder with rank x.  and  could be Rel-15 UL 2Tx or 4Tx precoding matrix. Whether it is Rel-15 2Tx or 4Tx precoder and the corresponding coherence type further depends on the co-phasing ports for 8-Tx partial coherent UE.

Alt. 2): non- Kronecker-based solution.
Rank-1
Option 1:  or , where  is rank-1 Rel-15 4Tx full coherent precoder.
Option 2: , where  is rank-1 Rel-15 4Tx partial coherent precoder, and .
Rank-2,3,4
Option 1:  or , where  is Rel-15 4Tx full coherent precoder, and rank()=rank().
Option 2: , where  and  are Rel-15 4Tx full coherent precoder, and rank()+rank()=rank().
Option 3: , where  is Rel-15 4Tx partial coherent precoder, rank()=rank(), and .
Rank>4
Option 1: , where  and  are Rel-15 4Tx full coherent precoder, and rank()+rank()=rank().
Option 2: , where  and  are Rel-15 4Tx partial coherent precoder, rank()+rank()=rank(), and .

Although there are different solutions for the partial coherent precoder construction, the final precoding matrix structure could be similar.
The partial coherent precoding matrix structure could be viewed as using one or two 4-Tx precoders which are applied to one or two antenna groups. With some options (Option-2 for rank-1, Option 3 for rank-{2,3,4}, Option 2 for rank>4), the co-phasing factor  might be applied among the antenna groups.

However, one difference among the solutions exists for certain rank values, i.e., whether only one antenna group or both antenna groups are used for transmission. For example, for Rank {2,3,4}, with Option 1, only one antenna group is used for transmission. But with Option 2 and Option 3, both antenna groups are used for the transmission.

In order to compare the performance of transmission over only one antenna group vs over both antenna groups, system level simulation was performed for maxRank=3. The detailed simulation assumptions could be found in the section of Appendix.
The partial coherent precoder structure for rank-3 is shown in Table 3. With Scheme 1, only one antenna group is used. With Scheme 2-1 and 2-2, both antenna groups are used for the transmission. To make a fair comparison, the number of rank-3 precoders are the same among the schemes. Therefore, for Scheme 2-1 and Scheme 2-2, only a subset from the 4 Tx precoders is selected for  and .

The simulation results are shown in Table 4. It can be observed that Scheme 2-2 performs the best. For mean throughput, Scheme 2-2 provides around 5% gain over Scheme 1. In addition, Scheme 2-1 also performs a bit better than Scheme 1.







[bookmark: _Ref127476989]Table 3 Rank-3 partial coherent precoders with Ng=2 used in the simulation
	
	Partial coherent precoder generation for Rank-3
	# of Rank-3 precoders
	# of antenna groups used

	Scheme 1
	 or , where  is 4Tx full coherent precoder with rank-3
	8
	Only one group

	Scheme 2-1
	, where  is 4Tx full coherent precoder with rank-1, and  is 4Tx full coherent precoder with rank-2.
 : the first two rank-1 full coherent precoders are used (TPMI Index #12, #13).
 : the first four rank-2 full coherent precoders are used (TPMI Index #14~#17).
	8
	Two groups

	Scheme 2-2
	, where  is 4Tx full coherent precoder with rank-1, and  is 4Tx full coherent precoder with rank-2.
 : the first two rank-1 full coherent precoders are used (TPMI Index #12, #13).
 : the first eight rank-2 full coherent precoders are used (TPMI Index #14~#21). When  use the first rank-1 full coherent precoder,  use TPMI #14~#17. When  use the second rank-1 full coherent precoder,  use TPMI #18~#21.
	8
	Two groups



[bookmark: _Ref127477190]Table 4 Performance comparison for transmission from one antenna group vs. two groups (maxRank=3)
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System level simulation was also performed for maxRank=4. The partial coherent precoder structure for rank-4 is shown in Table 5. With Scheme 1, only one antenna group is used. With Scheme 2-1 and 2-2, both antenna groups are used for the transmission. To make fair comparison, the number of rank-4 precoders are same among the schemes. And for Scheme 2-1 and Scheme 2-2, only a subset from 4 Tx precoders is selected for  and .

The simulation results are shown in Table 6. It can also be observed that Scheme 2-2 performs the best. And Scheme 2-1 also performs a bit better than Scheme 1.

[bookmark: _Ref127477408]Table 5 Partial coherent precoders with Rank-4 used in the simulation
	
	Partial coherent precoder generation for Rank-4
	# of Rank-4 precoders
	# of antenna groups used

	Scheme 1
	 or , where  is 4Tx full coherent precoder with rank-4
	4
	Only one group

	Scheme 2-1
	, where  is 4Tx full coherent precoder with rank-2, and  is 4Tx full coherent precoder with rank-2.
 : the first two rank-2 full coherent precoders are used (TPMI Index #14, #15).
 : the first two rank-2 full coherent precoders are used (TPMI Index #14, #15).
	4
	Two groups

	Scheme 2-2
	, where  is 4Tx full coherent precoder with rank-2, and  is 4Tx full coherent precoder with rank-2.
 : the first two rank-2 full coherent precoders are used (TPMI Index #14, #15).
 : the third and the fourth rank-2 full coherent precoders are used (TPMI Index #16, #17).
	4
	Two groups



[bookmark: _Ref127477447]Table 6 Performance comparison for transmission from one antenna group vs. two groups (maxRank=4)
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Based on the observations from the simulation results, we think for partial coherent precoders with two antenna groups, both antenna groups should be used for transmission for Rank-{2,3,4}. Since both antenna groups needs to be used for rank>4, we think both antenna groups should be used for transmission for rank>1.
The layer combinations for rank>1 among two groups should be studied since it might have impact on the performance. In addition, the Rel-15 4Tx precoder selection for each rank should be further studied, and more simulation is required to verify the performance.
After the precoder structure is determined, the TPMI indication could be further discussed for the partial coherent precoders.
Therefore, we have the following proposal.

Proposal 3:
· For 8-port partial coherent precoder with Ng=2, the precoder structure could be based on one or two Rel-15 4Tx precoders. For rank>1, both antenna groups should be used for the transmission.
· RAN1 to further discuss the layer combinations among antenna groups for rank>1.
· RAN1 to further study the Rel-15 4Tx precoder selection for each rank.
· RAN1 to further discuss the TPMI indication for partial coherent precoders.

2.1.2.2 Partial coherent precoder structure for Ng=4
For partial coherent UE with four antenna groups (Ng=4), each group contain two coherent ports. There could be several options to generate the partial coherent precoders with Ng=4.

For example, the 8-port partial coherent precoder could be based on Rel-15 2Tx precoders, and the 2Tx precoders should be full coherent.
The second option is the 8-port partial coherent precoder could be based on Rel-15 4Tx precoders, and the 4Tx precoders should be partial coherent.
The third option is to take Kronecker product of Rel-15 2Tx and 4Tx precoders. The coherence type of the 2Tx and 4Tx precoders depends on the co-phasing ports of the 8-port precoder.

We think RAN1 could focus on the design of partial coherent precoders with Ng=2 firstly, and further discuss the case for Ng=4.

Proposal 4:
· RAN1 to further discuss the structure of partial coherent precoders with Ng=4, i.e., whether it is based on Rel-15 4Tx and/or 2Tx precoders.



2.1.3 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. Figure 1 illustrates the codebook subset configuration in Rel-15.


[bookmark: _Ref118584017]Figure 1 Codebook subset configuration in Rel-15
In Rel-18, it should be discussed whether the same principle as Rel-15 is used for 8-Tx PUSCH codebook subset configuration. For example, whether the fullyAndPartialAndNonCoherent codebook subset should include the precoders for all the coherence.
Following Rel-15 design principle seems to be logical and natural extension. It’s also beneficial from performance perspective. However, the DCI overhead might be large, especially considering the number of full coherent precoders based on Type I codebook.
Proposal 5:
· RAN1 to discuss the codebook subset configuration, i.e., whether the Rel-15 principle should be followed.

2.1.4 TPMI indication
In NR Rel-15, the TPMI indication is joint encoding of rank indicator and precoder indicator. In NR Rel-17, two TPMI fields are included in the DCI in the scenario of multi-TRP operation.
The TPMI indication is important for codebook based PUSCH transmission with 8Tx and require careful discussion. The codebook design and the codebook subset configuration could have impact on the TPMI signalling design. Therefore, we have the following proposal on TPMI indication.

Proposal 6:
· RAN1 to consider joint encoding of rank indicator and precoder indicator as baseline, and further discuss the details on TPMI indication for 8Tx UE.

2.2 Dual codewords operation
2.2.1 MCS/RV/NDI
For PUSCH transmission with 8Tx, it has been agreed that dual codewords can be used for rank>4. When dual codewords are used for PUSCH, different MCS/RV/NDI could be utilized, similar as downlink operation, which could 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 7:
· For PUSCH transmission with dual codewords, RAN1 to consider different MCS/RV/NDI field for different codeword.

2.2.2 UCI multiplexing
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, where all the layers are transmitted using only one codeword.
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, as shown in Figure 2, considering different number of layers and different MCS across codewords. In addition, dual beta-offset should be required to multiplex UCI over two codewords, which requires more spec change effort.


[bookmark: _Ref118470862]Figure 2 UCI multiplexing with two codewords
In contrast, multiplexing UCI to only one codeword seems to be simpler solution, for example, the UCI is multiplexed with the first codeword, as shown in Figure 3.


[bookmark: _Ref118470645]Figure 3 UCI multiplexing with one codeword
Therefore, we have the following proposal.
Proposal 8:
· RAN1 to discuss the UCI multiplexing when two codewords are used. It is preferred that the UCI is multiplexed with only one codeword for simplicity, e.g., the first codeword.

2.2.3 Switching between single codeword and dual codewords
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. One possible solution is whether the second codeword is used could be based on the indicated rank value.


[bookmark: _Ref118474128]Figure 4 Switching between single codeword and dual codewords
As shown in Figure 4, if the maximum number of layers is configured to be larger than 4, then two MCS/NDI/RV fields should be included in the DCI, corresponding to dual codewords. When rank>4 is indicated, then both MCS/RV/NDI fields are used. When rank<=4 is indicated, only the first NCS/RV/NDI field is used, and the second MCS/RV/NDI field should be ignored by the UE.
Proposal 9:
· RAN1 to further discuss the signaling for dual codewords operation, e.g., how to indicate whether the second codeword is used.

2.3 Full power operation
2.3.1 Full power mode
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 5.
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 5 UE PA architecture for Rel-16 full power operation with 2Tx

In RAN1 #111 meeting, some UE PA architectures are identified for full power operation in Rel-18 as shown in Figure 6.
[image: ]
[bookmark: _Ref118475510]Figure 6 UE PA architecture with 8Tx for full power operation identified in RAN1 #111
It can be observed that CAP2 was put as lower priority. Therefore, the discussion could firstly focus on CAP1 and CAP3, i.e., corresponding to full power Mode 0 and full power Mode 2.
For full power operation Mode 0, the operation is simple, i.e., the power scaling factor is fixed to 1. The support of full power Mode 0 doesn’t depend on codebook design and should be supported in Rel-18.
For full power Mode 2 in Rel-16, the UE should report capability on those TPMIs that can enable full power operation. For the TPMIs that can support full power, the power scaling factor is set to 1. For those TPMIs that can’t support full power, the legacy power scaling factor is used.
In Rel-18, we think similar scheme could be used for full power Mode 2 operation, i.e., the UE should report capability on those TPMIs that can support full power operation. The detailed reporting could be discussed in UE capability.
Proposal 10:
· RAN1 to consider supporting full power Mode 0 for 8Tx UE.
Proposal 11:
· For full power operation Mode 2, RAN1 to consider extending the Rel-16 framework to 8Tx UE.

2.4 Non-codebook based transmission
2.4.1 SRI indication
In RAN1 #110bis-e meeting, it was agreed that one SRS resource set with up to 8 single port SRS resources will be supported for non-codebook based transmission in Rel-18.
In RAN1 #111 meeting, it was raised whether all the SRS port combinations or a subset of the SRS port combinations should be supported for non-codebook based transmission in Rel-18.
In Rel-15 design with 4Tx, all the SRS port combinations are supported. And joint encoding of rank indicator and SRS resource indicator is used to reduce the SRI indication signalling overhead.
For PUSCH transmission with 8Tx in Rel-18, if only a subset of SRS port combinations is supported, a performance loss may be expected compared with supporting all the SRS port combinations. For example, for SRS resource set configured with 8 single port SRS resources, for rank-2, there will be 28 port combinations in total. If only a subset of the port combinations is used, e.g., 8 port combinations are selected, it can’t be guaranteed that these 8 port combinations are always with the best channel condition. The size of the subset and which subset of port combinations is used will require additional signalling.
Therefore, for non-codebook based PUSCH transmission with 8Tx, all the SRS port combinations should be supported.

Proposal 12:
· For non-codebook based PUSCH transmission with 8Tx, all the SRS port combinations should be supported.

3. Conclusion
In conclusion, we have the following proposals on 8Tx UL enhancements in Rel-18.
Proposal 1:
· For 8-port full coherent precoders by DL Type I codebook, support the antenna configuration of (N1, N2)=(4, 1) and (N1, N2)=(2, 2). The UE can report which configuration is supported.
Proposal 2:
· For the oversampling factors of Type I codebook, support (O1, O2)=(1,1) as baseline.
Proposal 3:
· For 8-port partial coherent precoder with Ng=2, the precoder structure could be based on one or two Rel-15 4Tx precoders. For rank>1, both antenna groups should be used for the transmission.
· RAN1 to further discuss the layer combinations among antenna groups for rank>1.
· RAN1 to further study the Rel-15 4Tx precoder selection for each rank.
· RAN1 to further discuss the TPMI indication for partial coherent precoders.
Proposal 4:
· RAN1 to further discuss the structure of partial coherent precoders with Ng=4, i.e., whether it is based on Rel-15 4Tx and/or 2Tx precoders.
Proposal 5:
· RAN1 to discuss the codebook subset configuration, i.e., whether the Rel-15 principle should be followed.
Proposal 6:
· RAN1 to consider joint encoding of rank indicator and precoder indicator as baseline, and further discuss the details on TPMI indication for 8Tx UE.
Proposal 7:
· For PUSCH transmission with dual codewords, RAN1 to consider different MCS/RV/NDI field for different codeword.
Proposal 8:
· RAN1 to discuss the UCI multiplexing when two codewords are used. It is preferred that the UCI is multiplexed with only one codeword for simplicity, e.g., the first codeword.
Proposal 9:
· RAN1 to further discuss the signaling for dual codewords operation, e.g., how to indicate whether the second codeword is used.
Proposal 10:
· RAN1 to consider supporting full power Mode 0 for 8Tx UE.
Proposal 11:
· For full power operation Mode 2, RAN1 to consider extending the Rel-16 framework to 8Tx UE.
Proposal 12:
· For non-codebook based PUSCH transmission with 8Tx, all the SRS port combinations should be supported.
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Appendix: Simulation assumptions

Table 7 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=-50dBm
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