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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
[bookmark: _Hlk118125745]One of Rel-18 MIMO evolution WID scopes is to enable 8 Tx UL operation to support 4 and more layers per UE [1]. Much progress has been made in previous meeting. In this contribution, we provide our views on the support of UL 8TX operation including the 8Tx codebook design for partial coherent UE and full power operation.

Discussion
Codebook design
By the end of RAN1#113 meeting, the following agreements were reached regarding codebook design for partial coherent UE:
	Agreement
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

Agreement
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.

Working Assumption
For partially coherent uplink precoding by an 8TX UE, Ng=2, 
· At least the following combinations of layer splitting are supported
· FFS: For rank>4, all the layers for each CW is mapped to only one antenna group
	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
	· 
	(1,2), (2,1)

	4
	(4,0), (0,4)
	· 

	4
	· 
	(2,2)

	5
	· 
	(2,3), (3,2)

	6
	· 
	(3,3)

	7
	· 
	(3,4), (4,3)




Agreement
For partially coherent uplink precoding by an 8TX UE codebook, Ng=4, Alt1 is supported where
· Precoding design is based on Rel-15 UL 2TX codebook, 
· Full-coherent precoders are used
· Further study codebook size reduction

Agreement
For non-coherent uplink precoding by an 8TX UE, support Alt1., 
· Alt1. – All 255 combinations from 8 non-coherent rank1 precoders are supported

Agreement
For partially coherent uplink precoding by an 8TX UE, Ng=4, 
· The following rank and layer splitting cases are supported,
	Rank
	All layers in one Antenna Group
	Layers split across 4 Antenna Groups
(All possible permutations)

	3
	· 
	Transmission by 2 of the 4 antenna groups:
(2,1,0,0), (2,0,1,0), (2,0,0,1), (0,2,1,0), (0,2,0,1), (0,0,2,1),
 
Transmission by 3 of the 4 antenna groups:
(1,1,1,0), (1,1,0,1), (1,0,1,1), (0,1,1,1)

	5
	·  
	Transmission by 3 of the antenna groups:
(2,0,2,1), (0,2,2,1),  
 
Transmission by 4 of the 4 antenna groups:
(1,1,2,1)

	6
	·  
	Transmission by 3 of the 4 antenna groups:
(2,2,2,0), (2,0,2,2)
 
Transmission by 4 of the 4 antenna groups:
(2,1,2,1)

	7
	· 
	Transmission by 4 of the 4 antenna groups:
(2,1,2,2)




Agreement
Confirm the Working Assumption with revision,
For partially coherent uplink precoding by an 8TX UE, Ng=2, 
· At least the following combinations of layer splitting are supported
· FFS: For rank>4, all the layers for each CW is mapped to only one antenna group
	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
	· 
	(1,2), (2,1)

	4
	(4,0), (0,4)
	· 

	4
	· 
	(2,2)

	5
	· 
	[(2,3), (3,2)]

	6
	· 
	(3,3)

	7
	· 
	[(3,4), (4,3)]


The part in square brackets is still Working Assumption
Note: At least one permutation will be selected in RAN1#114.




With two coherent antenna groups, the precoder for each group can be taken from the R15 4TX full codebook, where the sum of the transmission ranks of the two groups, r1 and r2, is equal to the total transmission rank r. Among the layer splitting agreed in the last meeting, the layer split of (3,2) for rank 5, and (4,3) for rank 7, should not be supported. The layers transmitted from a same antenna group are more likely to have similar qualities, especially when the two antenna groups face different directions. It is better to not to mix the layers transmitted from different antenna group in the same codeword when two codewords are transmitted. For rank 5, according to the agreed codeword to layer mapping rule, the first CW is mapped to the first 2 layers, and the second CW is mapped to the remaining 3 layers. If the two antenna groups face different directions and therefore have very different qualities, to use the 2 layers from the first antenna group and another layer from the second antenna group will make it difficult to match the MCS of the first codeword. It is more natural and easier to use the 2 layers from the first antenna group as the first codeword, and use the 3 layers from the second antenna group as the second codeword. We should keep the layer split (2,3) for rank 5 and remove (3,2). For the same reason we should keep (3,4) and remove the split (4,3) for rank 7. 
Proposal 1: Do not support (3,2) or (4,3) for Ng=2.  	

[bookmark: _Ref127188966]Full power transmission
The following agreements were reached in previous meetings:
	Agreement: 
Study full TX power uplink codebook-based transmission by a partially/non-coherent 8TX precoder,
· Reuse Rel-16 UE capability definitions for discussion purpose, i.e., UE Capability 1, 2 and 3
· For full TX power transmission by UE Capability 2/3, at least, following exemplary PA architectures can be considered 
· Other cases of interest are not precluded, down-select preferred potential architecture for the purpose of 8TX full power study in RAN#112.
· 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.

Agreement
Framework for full power PUSCH transmission by an 8TX UE 
· To support full power transmission with Mode0, Rel-16 Mode0 (fullPower ) is re-used.
· FFS if any change is required in the specifications.
· Working Assumption To support full power transmission with Mode1, Rel-16 Mode1 (fullPowerMode1) is re-used.
· FFS if more than one of the 8TX full coherent precoders is used per rank. 
· Working Assumption To support full power transmission with Mode2, Rel-16 Mode2 (fullPowerMode2) is re-used.
· FFS definition of precoder groups (G0, G1, …)
FFS enhancements for SRS configuration

Agreement
For full power PUSCH transmission by an 8TX UE, confirm the Working Assumption for Mode1 with updates:
· To support full power transmission with Mode1, Rel-16 Mode1 (fullPowerMode1) is re-used.
· FFS: identification of precoders per rank / per Ng

Agreement
For full power PUSCH transmission by an 8TX UE, confirm the Working Assumption for Mode2 with updates:
· To support full power transmission with Mode2, Rel-16 Mode2 (fullPowerMode2) is re-used.
· FFS definition of precoder groups (G0, G1, …)
· FFS enhancements for SRS configuration





Full power mode 1
A capability 2 UE has all its PAs -9 dB from the full power. For a class 2 UE, the maximal output power of each antenna port is 14 dBm. To reach full power, all 8 antenna ports must be used for transmission. Because not all the agreed set of (data layers split with 4 or 2 TX full coherent precoders) use 8 TX ports, especially for rank 1, new transmission schemes need to introduced to use all the antenna ports. Because of the difference in precoder design, the case of Ng=2,4, or 8 coherent antenna groups need to be considered separately.

Partial coherent with Ng=2
Conceptually, the agreed normal mode PUSCH transmission scheme for partial coherent UE has a 2-stage structure. For rank N transmission, first the N data layers are split between the two antenna groups, where N1 layers are transmitted from the first antenna group, and N2 layers are transmitted from the second antenna group, and N1 +N2=N. A same data layer is transmitted only from one of the antenna groups. The agreed possible layer allocations are given in the following table:

	Rank
	All layers in one Antenna Group
	Layers split across 2 Antenna Groups

	1
	(1,0), (0,1)
	· 

	2
	(2,0), (0,2)
	· 

	2
	· 
	(1,1)

	3
	(3,0), (0,3)
	· 

	3
	· 
	(1,2), (2,1)

	4
	(4,0), (0,4)
	· 

	4
	· 
	(2,2)

	5
	· 
	[(2,3), (3,2)] 

	6
	· 
	(3,3)

	7
	· 
	[(3,4), (4,3)]

	8
	· 
	(4,4)


 
Once the number of layers (N1 or N2) is determined, a full coherent precoder of 4TX from the R15 codebooks is selected for this antenna group. Structurally, this can be viewed as a (N1, TPMI1, N2, TPMI2), where Ni, and TPMIi are the number of layers (transmission rank) and 4TX full coherent precoder for antenna group i. The transmitted signal  of length 8 from the 8 antennas is given by

where ,  are the precoding matrices indicated by TPMI1 and TPMI2 , and  and  are modulation symbol vector of length N1 and N2. Here 0 is the all-0 matrix of corresponding size. Together N1 +N2=N layers of modulation symbols is transmitted from both antenna groups (8 antennas). The scaling factor  is introduced for normalization when the 4Tx full-coherent precoders are used as , . If either N1 or N2 is 0, the corresponding  or  is zero, and nothing is transmitted from the corresponding antenna group. As a result,  is transmitted by a first antenna group and  is transmitted by the second antenna group. 

It can be seen that for rank 1-4, some layer splitting uses only a single antenna group to send all the layers, such as (1,0), (0,1), (2,0), (0,2), (3,0), (0,3), (4,0), (0,4). Since only 4 antennas in a group are used for transmission, the maximal transmission power can only reach half of the full power. The rest splitting uses both antenna groups for transmission, so they can naturally reach full power with all 8 antennas. We need to enhance at least rank 1 ((1,0), (0,1)) to use both antenna groups for reaching full power, and possibly use the same scheme for others like (2,0), (0,2), (3,0), (0,3), (4,0), (0,4). A possible solution is to transmit the same N layers, from both antenna groups using the same precoder (TPMI1= TPMI2). For 8TX UE where the two antenna groups are placed on a same plane side-by-side, it is better to use the same precoder (TPMI1=TPMI2) to transmit the N layers from both of them. This is because the two antenna groups, although not coherent, function like two antenna panels. The channels between these two antenna groups and the same receiver TRP are very similar, different only by a phase shift. This makes it possible to select a 4TX precoder that works for both of them. Because the two antenna groups are non-coherent, it is not possible to compensate this phase shift at the transmitter side. Consequently they will be received by the receiver with a random phase offset, leading to non-coherent combining with 3dB power gain over a single group transmission. Because both the number of layers and the precoders are the same for the two antenna groups, the TPMI indication is simply (N, TPMI1, N, TPMI). We use the green letter N to represent that the N layer transmitted from the second antenna group is the same N layer from the first antenna group. The transmitted signal  from the 8 antennas of the two groups is given by

where  is the precoding matrice indicated by TPMI1, and  is modulation symbol vector of length N. As an example, when N=1 and the TPMI1 indicates the precoding matrix , the transmitted signal is
.
UL SFN in PUSCH is achieved effectively with the layer duplication scheme.  
Similarly, rank 2-4 transmission can be enhanced with layer duplication schemes like (2, TPMI1, 2, TPMI), (3, TPMI1, 3, TPMI)., (4, TPMI1, 4, TPMI). Although the current layers slits, such as (1,1), (2,1), (1,2), (2,2) can already support full power transmission, these new layer duplication schemes can be added as options for more flexibility. The newly added layer split/duplicate and TPMIs are added to the last two columns of the following table for Ng=2:

	Rank
	All layers in one Antenna Group
	Layers split across 2 Antenna Groups
	Layers split/duplicate for full power transmission
	TPMIs for new split/duplicate full power mode transmission

	1
	(1,0), (0,1)
	· 
	      (1,1)
	(1,TPMI1,1, TPMI1)

	2
	(2,0), (0,2)
	· 
	(2,2)
	(2,TPMI1,2, TPMI1)

	2
	· 
	(1,1)
	
	

	3
	(3,0), (0,3)
	· 
	(3,3)
	(3,TPMI1,3, TPMI1)

	3
	· 
	(1,2), (2,1)
	
	

	4
	(4,0), (0,4)
	· 
	(4,4)
	(4,TPMI1,4, TPMI1)

	4
	· 
	(2,2)
	
	

	5
	· 
	[(2,3), (3,2)] 
	
	

	6
	· 
	(3,3)
	
	

	7
	· 
	[(3,4), (4,3)]
	
	

	8
	· 
	(4,4)
	
	



Proposal 2: Add data layer duplication (SFN) transmission scheme for full power transmission.
Proposal 3: Use the same precoding matrix for antenna groups transmitting the same data layers. 

If the TPMI overhead does not allow adding more codewords for full power mode 1, at least (1,TPMI1,1, TPMI1) should be added to support rank 1.
Proposal 4: Add at least (1,1) for Ng=2 full power mode 1, where green number represents duplicated data layers. 

Partial coherent UE with Ng=4

Similar to the Ng=2 case, full power can be reached only when all the antenna groups are used for transmission. This makes it necessary to introduce layer duplication scheme at least to rank 1,2 and 3. In this section, we use 1,1’,1”, or 2,2’ to represent different sets of data layers transmitted from different antenna groups, and use green numbers to represent their respective duplicates transmitted from other, previously unused antenna groups.  For rank 1 transmission, the normal scheme only selects one of the antenna groups for transmission ((1,0,0,0), (0,1,0,0), (0,0,1,0), (0,0,0,1)). To reach full transmission power, the same layer needs to be duplicated and transmitted  in all four antenna groups (1,1,1,1). For the same reason the layer duplication (2,2,2,2) needs to be introduced to rank 2 transmission (corresponding to the normal transmissions (2,0,0,0), (0,2,0,0), (0,0,2,0), (0,0,0,2), as well as (1,1’,1,1’) corresponding to the normal mode transmissions (1,1’,0,0), (1,0,1’,0), (1,0,0,1’), (0,1,1’,0), (0,1,0,1’), (0,0,1,1’). Similarly (2,1,2,1) and (1,1’,1”,1) can be introduced for rank 3 transmission. Optionally, layer duplicates such as (2,2’,2,2’), (2,2,2’,1), (2,2’,2”,2) can be introduced for rank 4, 5 and 6. To reduce the total number of TPMIs, when the same data layer(s) are transmitted in more than one antenna groups, the same 2TX precoder can be used in these groups. The newly added layer duplicate/split and TPMIs are in the last two columns of the following table:

	Rank
	All layers in one Antenna Group
	Layers split across 4 Antenna Groups (All possible permutations)
	New layer split/duplicate for full power mode 1
	Transmission scheme with TPMI (when the same TPMI is reused for duplicated transmission)

	1
	(1,0,0,0), (0,1,0,0), (0,0,1,0), (0,0,0,1)
	 
	(1,1,1,1)
	(1,TPMI1,1, TPMI1,1, TPMI1,1, TPMI1)

	2
	(2,0,0,0), (0,2,0,0), (0,0,2,0), (0,0,0,2)
	 
	(2,2,2,2)
	(2,TPMI1,2, TPMI1, 2, TPMI1, 2, TPMI1)

	2
	
	Transmission by 2 of the 4 antenna groups:
(1,1’,0,0), (1,0,1’,0), (1,0,0,1’)
(0,1,1’,0), (0,1,0,1’), (0,0,1,1’)
	(1,1’,1,1’)
	(1,TPMI1,1’, TPMI2,1, TPMI1,1’, TPMI2)

	3
	
	Transmission by 2 of the 4 antenna groups:
(2,1,0,0), (2,0,1,0), (2,0,0,1), (0,2,1,0), (0,2,0,1), (0,0,2,1),
 
Transmission by 3 of the 4 antenna groups:
(1,1’,1”,0), (1,1’,0,1”), (1,0,1’,1”), (0,1,1’,1”)
	


(2,1,2,1)









(1,1’,1”,1)
	


(2,TPMI1,1, TPMI2,2, TPMI1,1, TPMI2)









(1, TPMI1,1’, TPMI2,1”, TPMI3,1, TPMI1)

	4
	
	(1,1’,1”,1”’)
	
	

	4
	
	Transmission by 2 of the 4 antenna groups:
(2,2’,0,0), (2,0,2’,0), (2,0,0,2’)
(0,2,2’,0), (0,2,0,2’), (0,0,2,2’)
	

(2,2’,2,2’)
	(2,TPMI1,2’, TPMI2, 2, TPMI1,2’, TPMI2)

	5
	
	Transmission by 3 of the antenna groups:
(2,0,2’,1), (0,2,2’,1),  
 
Transmission by 4 of the 4 antenna groups:
(1,1’,2,1”)
	
(2,2,2’,1)
	(2,TPMI1,2, TPMI1, 2’, TPMI3, 1, TPMI4)

	6
	
	Transmission by 3 of the 4 antenna groups:
(2,2’,2”,0), (2,0,2’,2”)
 
Transmission by 4 of the 4 antenna groups:
(2,1,2’,1’)
	

(2,2’,2”,2)
	(2, TPMI1, 2’, TPMI2, 2”, TPMI3, 2, TPMI1)

	7
	
	Transmission by 4 of the 4 antenna groups:
(2,1,2’,2”)
	
	

	8
	
	(2, 2’, 2”, 2”’)
	
	



If TPMI overhead does not allow adding too many codewords for full power mode 1, at least the rank 1 codeword ((1,TPMI1,1, TPMI1,1, TPMI1,1, TPMI1)), and preferably one of the rank 2 codewords ((2,TPMI1,2, TPMI1, 2, TPMI1, 2, TPMI1), or (1,TPMI1,1’, TPMI2,1, TPMI1,1’, TPMI2)) should be added.  

Proposal 5: Add at least (1,1,1,1), (2,2,2,2), (1,1’,1,1’) for Ng=4 full power mode 1, where green number represents duplicated data layers. 

Non-coherent UE (Ng=8)
For non-coherent UE, it has been agreed that all 255 combinations from 8 non-coherent rank1 precoders are supported. When used, different antenna ports transmit different data layers. That makes it possible for the UE to transmit with full power only for rank 8. It is more important to support rank 1 full power transmission than rank 8. To enable full power transmission for rank 1, data layer duplication should be introduced for non-coherent UE, where the same layer is duplicated and transmitted from all the 8 antenna ports. This introduces (1,1,1,1,1,1,1,1) to non-coherent UE. 

Proposal 6: For non-coherent UE, add (1,1,1,1,1,1,1,1) for rank 1 transmission. 

Full power mode 2
Capability 3 UEs may have different PA architectures, where different antenna ports may have different PA ratings. In the RAN1#111 meeting, several architectures for Capability 3 UE were proposed but none was agreed. We first need to agree a set of PA architectures before we can identify the set of TPMIs that can be used for full power transmission. We propose the several architectures for the UEs, where the PA rating is given from port 0 to port 7 and is relative to the full transmission power. For each PA architectures, the type of UE applicable, and the TPMIs groups (subset of layer splits) that can achieve full power are given in the following table: 

	TPMI groups
	UE PA architecture
(relative to full power)
	Applicable UE type

	Data layers split

	G0
	-6,-6,-9,-9,-6,-6,-9,-9
	Ng=2
	(1,0), (2,0), (3,0), (4,0)

	G1
	-3,-9,-9,-9,-3,-9,-9,-9
	Ng=4
	(1,0,0,0), (2,0,0,0)

	G2
	-3,-9,-6,-9,-3,-9,-6,-9
	Ng=4
	(1,0,0,0), (2,0,0,0), (1,0,1,0), (2,0,1,0), (2,0,2,0)

	G3
	-3,-9,-6,-7.8,-3,-9,-6,-7.8
	Ng=4
	(1,0,0,0), (2,0,0,0), (1,0,1,0), (2,0,1,0), (1,0,1,1), (2,0,2,0), (2,0,2,1), (2,0,2,2)

	G4
	-3,-7.8,-6,-7.8,-3,-7.8,-6,-7.8
	Ng=4
	(1,0,0,0), (2,0,0,0), (1,0,1,0), (2,0,1,0), (1,1,1,0), (1,1,0,1), (1,0,1,1), (0,1,1,1), (2,0,2,0), (2,0,2,1), (0,2,2,1), (2,2,2,0), (2,0,2,2)

	G5
	0,-9,-9,-9,-9,-9,-9,-9
	Ng=8
	(1,0,0,0,0,0,0,0)



Proposal 7: Adopt the subset of TPMIs from the above table for full power mode 2 transmission. 


Full power transmission via SRS virtualization
Full power transmission can also be achieved using antenna virtualization. SRS resources with different number of ports can be configured, where a SRS resource can have 1, 2 or 4 ports. How many SRS ports can be configured is part of UE capability. Based on the UE capability signaling, the gNB can configure 1, 2 or 4 ports SRS resource for the UE.

Proposal 8: Support configuration of SRS resources with 1, 2 or 4 ports.  


Conclusion
In this contribution, we have made the following proposals on various aspects of 8TX UL transmission. These proposals are summarized below:
Proposal 1: Do not support (3,2) or (4,3) for Ng=2.
Proposal 2: Add data layer duplication (SFN) transmission scheme for full power transmission.
Proposal 3: Use the same precoding matrix for antenna groups transmitting the same data layers. 
Proposal 4: Add at least (1,1) for Ng=2 full power mode 1, where green number represents duplicated data layers. 
Proposal 5: Add at least (1,1,1,1), (2,2,2,2), (1,1’,1,1’) for Ng=4 full power mode 1, where green number represents duplicated data layers. 
Proposal 6: For non-coherent UE, add (1,1,1,1,1,1,1,1) for rank 1 transmission. 
Proposal 7: Adopt the subset of TPMIs from the above table for full power mode 2 transmission. 
Proposal 8: Support configuration of SRS resources with 1, 2 or 4 ports.  
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