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Discussion
Codebook-based transmission
Partial-coherent codebook
For rank>4, following agreement has been made in previous meeting on codeword to layer mapping:
If dual CW is supported for uplink transmission with Rank>4 by an 8TX UE, reuse DL Rel-15 codeword to layer mapping for both codebook-based and non-codebook-based transmission.
However, precoding matrix to layer mapping is yet to be discussed, that means, for dual CW transmission, whether one CW is transmitted from one antenna group or both antenna groups. Below, we provide simulation results comparing following two alternatives:
Alt1: for rank>4, one CW is transmitted from one antenna group
Atl2: for rank>4, one CW is transmitted from both antenna groups
In the figure 1, two codebook structures are considered for two alternatives above. For Alt1, diagonal codebook structure is assumed, where all layers from one CW is mapped to one antenna group. For Alt2 cyclic codebook structure is assumed, where every other layer is mapped to other antenna group, for example in the case rank=5, layers 1,3,5 are mapped to one antenna group and layers 2, 4 are mapped to another antenna group.
[image: ]
performance evaluation of cyclic and diagonal precoder structure
From the evaluation results, we observe there is virtually no difference in performance between two codebook structures. Considering simple codebook structure, it beneficial to keep diagonal codebook structure. Hence, we have following proposal  
for rank>4, if dual CW is supported, support one CW is transmitted from one antenna group

1.1.1.1. Partial coherent codebook design for Ng=2
Following agreement was made in RAN1#113, confirming the working assumption except for the layers split for rank=5 and 7.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.



As shown in section 2.1.1, there is no benefit of spreading layers from a CW to different antenna groups. For rank=5 and 7, we are ok to support both combinations of layers split with restriction of all layers for each CW is mapped to only one antenna group. 
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
· Support both combination of layers split for rank =5 and 7.

For partial-coherent UEs, simply concatenating legacy 4 Tx codebook by indicating two 4Tx precoders in DCI (using 2 TPMI fields) works well to indicate 8Tx precoder without new design. Reusing Rel-17 signaling design will simplify the work and specification effort. If a single TPMI field in DCI is to be considered, precoders for each rank should be carefully designed in order not to compromise the performance.
Option1: two TPMI fields in DCI
Precoder design and indication for Rank<=4
Rank=1~4 precoders can be constructed by using legacy 4Tx rank=1 and 2 full-coherent precoders. 
There are 16 rank=1 precoders and 8 rank=2 precoders, hence total 24 precoders in the codebook subset. Two TPMI fields in DCI are used to indicate overall 8Tx precoders, each TPMI field is 5 bits in this example. To further reduce the TPMI size, for example, 8 rank=1 precoders can be restricted, leading to total 16 precoders in the subset and each TPMI field is 4bits. Furthermore, there is third field in DCI (2bits), similar to SRS resource set indicator. This field can indicate effective TPMI field and/or antenna group mapping scheme for rank up to 4.
Precoder design and indication for Rank>4
According to current working assumption, 2 CWs are used when transmission rank is larger than 4, and same principle as in DL is used for enabling/disabling of the second CW. When the second CW is enabled by indicated DCI, that means transmission rank is larger than 4, hence separate codebook subset can be used which includes legacy 4Tx rank=2, 3, 4 full-coherent precoders only. 
There are 8 rank=2 precoders, 4 rank=3 precoders and 2 rank=4 precoders, hence total 14 precoders in the codebook subset. Two TPMI fields in DCI are used to indicate overall 8Tx precoders, each TPMI field is 4 bits in this example. 

Option2: one TPMI field in DCI
Although there are ways to reduce the overhead with “two TPMI fields in DCI”, we also provide precoders design for a 8Tx codebook. As it has been agreed to use 4Tx full-coherent precoders to construct a 8Tx codebook, following precoders for rank 1~8 should be supported. 
At least following precoders shall be supported for Ng=2 partial coherent 8Tx codebook.
Rank =1, Ng=2 partial-coherent 8Tx precoders
，，，，，，，，，，，，，，，；
，，，，，，，，，，，，，，，
Rank =2, Ng=2 partial-coherent 8Tx precoders
, ，, ，,  ,，， ,，,，，,，
Rank =3, Ng=2 partial-coherent 8Tx precoders
，，，，，，
Rank =4, Ng=2 partial-coherent 8Tx precoders
，，，
Rank =5, Ng=2 partial-coherent 8Tx precoders
，
Rank =6, Ng=2 partial-coherent 8Tx precoders
,,,
Rank =7, Ng=2 partial-coherent 8Tx precoders
，
Rank =8, Ng=2 partial-coherent 8Tx precoders
，
1.1.1.2. Partial coherent codebook design for Ng=4
Furthermore, following layers split for rank=1,2,4, and 8 were agreed in RAN1#112b-e.Agreement
For partially coherent uplink precoding by an 8TX UE codebook, Ng=4, 
· The following rank and layer splitting cases are supported,
Rank
All layers in one Antenna Group
Layers split across 4 Antenna Groups
1
(1,0,0,0), (0,1,0,0), (0,0,1,0), (0,0,0,1)
·  
2
(2,0,0,0), (0,2,0,0), (0,0,2,0), (0,0,0,2)
·  
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)
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)
8
·  
(2, 2, 2, 2)
Note: Above is not relevant to how precoders are indicated.



And, following combinations of layers split for rank3~7 were agreed in RAN1#113.

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)


Based on the supported layers split combinations, at least these precoders shall be supported.
Rank =1, Ng=4 partial-coherent 8Tx precoders
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	



Rank =2, Ng=4 partial-coherent 8Tx precoders
	
	
	
	
	
	
	
	
	



Rank =3, Ng=4 partial-coherent 8Tx precoders
	
	
	
	
	
	
	
	



Rank =4, Ng=4 partial-coherent 8Tx precoders
	
	
	
	
	
	
	
	



Rank =5, Ng=4 partial-coherent 8Tx precoders
	
	

	



Rank =6, Ng=4 partial-coherent 8Tx precoders
	
	

	



Rank =7, Ng=4 partial-coherent 8Tx precoders
	
	
	
	
	
	



Rank =8, Ng=4 partial-coherent 8Tx precoders

	
	
	
	
	
	



Dual CW enabled
Following agreement on dual CW enabling/disabling was made in RAN1#112b-e.Agreement
For 8TX UE supporting dual CW PUSCH (Maximum number of layers configured for the UE is larger than 4) 
· Alt1 – DL principle is reused for disabling transmission of a transport block, where
· The combination of IMCS = 26 and rvid = 1 indicated for a CW is used as an indication to disable (when transmission rank<=4) transmission of its corresponding TB
· The enabled transport block is mapped to the first CW.
· Note: When the transmission of a transport block is disabled, the number of layers is ≤ 4.
· Note: the first CW refers to the enabled CW.



For 8Tx UE supporting dual CW PUSCH, it can be observed that the UE can determine whether the scheduled rank is higher than 4 or not by indicated values of IMCS and rvid, which enables or disables the second CW. In this sense, the precoders can be separated into two subsets, one subset includes rank1~4 precoders and another subset includes rank 5~6 precoders. Total number of precoders for rank1~4 is larger than the total number of precoder for rank 5~6, which means that when dual CW is enabled, if only rank5~8 are indicated by TPMI field, there is redundant bit in the TPMI. This redundant bit can be used as NDI bit for the second CW, which saves the DCI overhead.  
for 8Tx UE supporting dual CW, when the second CW is enabled, the redundant bit in TPMI field is used as NDI bit.

In RAN1#113, following agreement was reached, whether and how to support CSI-only PUSCH when rank>4 is yet to be discussed.Agreement
For an 8TX UE, there is a single UL-SCH indicator in a scheduling DCI (i.e., formats 0_1, 0_2).
· FFS whether/how to support CSI-only PUSCH when rank>4.



Since there is a single UL-SCH indicator in a scheduling DCI, and CSI-only PUSCH transmission with rank>4 is not critical in terms of overall throughput, which means 2nd CW is disabled when CSI-only PUSCH is scheduled. Hence, we propose

Rank>4 is not supported for CSI-only PUSCH transmission
UL full power transmission
Following agreements were reached in RAN1#113: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 if more than one of the 8TX full coherent precoders is 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 mode1 can be supported by introducing non-antenna selection precoders in non-coherent and partial-coherent codebook subsets, which is less dependent on UE PA architectures. Full-power mode2, especially precoder group indication, depends on UE PA architectures. 
Consider the following full power enhancement for CPE/FWA 8 Tx operation.
a) Depending on UE capability, UL full-power mode1 can be supported by introducing non-antenna selection matrices
i. For Ng=2 partial-coherent case, only full power transmission precoder for rank=1 is needed
ii. For Ng=4 partial-coherent case, only full power transmission precoders for rank=1, 2 and 3 are needed
b) Depending on UE capability, further discuss UL full-power mode2 for partial and non-coherent UEs
i. For partial-coherent codebook, take Ng values {2, 4} into account for full-power precoders grouping


Conclusions 
In this contribution, we discussed remaining issues, we have following proposals: 

1. for rank>4, if dual CW is supported, support one CW is transmitted from one antenna group
1. 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
· Support both combination of layers split for rank =5 and 7.
1. At least precoders listed in section 2.1.1.1 shall be supported for Ng=2 partial coherent 8Tx codebook.
1. Based on the supported layers split combinations, at least precoders listed in section 2.1.1.2 shall be supported.
1. for 8Tx UE supporting dual CW, when the second CW is enabled, the redundant bit in TPMI field is used as NDI bit.
1. Rank>4 is not supported for CSI-only PUSCH transmission
1. Consider the following full power enhancement for CPE/FWA 8 Tx operation.
1. Depending on UE capability, UL full-power mode1 can be supported by introducing non-antenna selection matrices
1. For Ng=2 partial-coherent case, only full power transmission precoder for rank=1 is needed
1. For Ng=4 partial-coherent case, only full power transmission precoders for rank=1, 2 and 3 are needed
1. Depending on UE capability, further discuss UL full-power mode2 for partial and non-coherent UEs
2. For partial-coherent codebook, take Ng values {2, 4} into account for full-power precoders grouping
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Appendix 
Table A1: simulation assumptions
	Parameter
	Value

	Frequency range
	3.5 GHz

	Multiple access
	OFDMA 

	Numerology
	14 OFDM symbol slot
SCS, 30 KHz  

	Scenario
	Indoor FWA (38.901): UMi (ISD = 200 m), 100% Indoor, 3Km/h

	Channel model
	38.901

	System bandwidth
	20 MHz 

	gNB RX antenna setup and port layouts
(𝑀,𝑁,𝑃,𝑀𝑔,𝑁𝑔,𝑀𝑝,𝑁𝑝) 
	Outdoor FWA : 
(4,4,2,1,1,4,4) with (𝑑H, 𝑑V) = (0.5, 0.8)𝜆

	gNB antenna radiation pattern parameters
	Outdoor/Indoor FWA : 
38.901 Table 7.3-1, 8 dBi , 65° HPBW
  
 

	gNB receiver noise figure
	5dB 

	gNB receiver
	MMSE-IRC

	gNB scheduler
	Single user with proportional fair

	Modulation
	-    Up to 64 QAM  
-    Up to 256QAM  

	MIMO scheme
	SU-MIMO with rank adaptation

	UE speed
	3 Km/h

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

	Traffic model
	Full buffer (optional) 

	Suggested benchmarking
	R15 UL 4-Tx codebook , 
Eigen-based, companies report PRG assumption 

	Precoder granularity
	Wideband 

	Power control
	Open loop, 
-    alpha = 0.8
-    P0 = -50, -80 dBm  
to be selected according to the deployment scenario 

	UE power rating
	32 dBm (FWA, 38.101)

	Metric
	UL mean-user throughput, 5%-ile and 95%-ile UPT



Table A2: Antenna layouts
	Case
	Ng
	(M, N, P) per group
	Antenna Layout
	Antenna Pattern/Antenna Element Gain

	1
	1
	(2, 2, 2), 
(1, 4, 2)
	
	Isotropic (Indoor/Outdoor FWA & Industrial)
 
8 dBi, 65° HPBW(Outdoor FWA)

	2
	2
	(1, 2, 2)
	
	Isotropic (Indoor/Outdoor FWA & Industrial)
 
8 dBi, 65° HPBW(Outdoor FWA) 

	3
	4
	(1, 1, 2)
	

	Isotropic (Indoor/Outdoor FWA & Industrial)
 
4 dBi, 110° HPBW(Indoor FWA & Industrial
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