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1 Introduction
Targeting CPE/FWA/vehicle/industrial devices, 8-Tx related UL operation is considered as an essential feature for 5G-Advanced. In RAN#109-e, enhancement for 8-Tx UL transmission in Rel-18 was discussed. Reference parameter tables for SLS and LLS evaluation, UE antenna layouts for codebook design for non-coherent and full/partial-coherent UEs were discussed and agreed. Besides, some relevant study points, such as full-coherent, partial-coherent and non-coherent UEs, full power transmission, codebook-based and non-codebook-based transmission with maximal layer number of both 4 and 8 layers are also reached. 
In this contribution, we provide our evaluation for max rank 8, codebook design for 8Tx, and analysis on SRI/TPMI enhancement for 8Tx with codebook based and non-codebook based transmission, 2 CWs and full power enhancement. 
2 Enhancement for 8-Tx UL operation
2.1 Evaluation on 8-Tx UL transmission 
2.1.1 Regarding 8-TX and max 8 layers
To evaluate benefits of supporting 8-Tx and more than 4 layers for 8-Tx UL transmission, the following simulation results are provided. Via SLS simulation, we comprehensively evaluate performance for supporting 8-TX UL operation including three cases: a) ‘8-Tx & max RANK-8’, b) ‘8-Tx & max RANK-4’ and c) ‘4-Tx & max RANK-4’. The simulation assumptions can be found in appendix Table A-1.
· Evaluation results with ideal UL precoding (SVD-based) are shown in Figure 1 and 2. 
· It can be observed that, with the increase of a number of Tx(s), UL transmission can perform with higher RANK, and as a consequence, system throughput can be improved significantly, regardless of up to 64QAM (e.g., 29.39% gains over legacy UE with ‘4-Tx & max RANK-4’) or 256QAM (e.g., 22.87% gains over legacy UE with ‘4-Tx & max RANK-4’). 
· Then, when focusing the cases of ‘8-Tx & max RANK-8’  and ‘8-Tx & max RANK-4’, we can find that supporting up to 8 layers UL transmission can sufficiently obtain the benefits by introducing 8-Tx for cell-center UE. For instance, UPT gains over legacy UE with ‘4-Tx & max RANK-4’ are 43.32% and 35.10% for 64QAM and 256QAM respectively. 
[image: ]  [image: ]
(a)                                                                           (b)
[image: ]  [image: ]
(c)                                                                           (d)
Figure 1 Performance evaluation with ideal UL precoding (SVD-based) and up to 64QAM for ‘8-Tx & max RANK-8’, ‘8-Tx & max RANK-4’ and ‘4-Tx & max RANK-4’: (a) Rank distribution, (b) average UPT, (c) 5%-ile UPT, (d) 95%-ile UPT
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Figure 2 Performance evaluation with ideal UL precoding (SVD-based) and up to 256QAM for ‘8-Tx & max RANK-8’, ‘8-Tx & max RANK-4’ and ‘4-Tx & max RANK-4’: (a) Rank distribution, (b) average UPT, (c) 5%-ile UPT, (d) 95%-ile UPT
Observation 1: Regarding 8 Tx-UL operation, from the evaluation results, it can be observed that:
· With the increase of a number of Tx(s), UL transmission can perform with higher RANK, system throughput can be improved significantly, regardless of up to 64QAM or 256QAM. 
· When focusing the cases of ‘8-Tx & max RANK-8’ and ‘8-Tx & max RANK-4’, we can find that supporting 8-layer UL transmission can sufficiently obtain the benefits by introducing 8-Tx for cell-center UE.
For UL MIMO in Rel-18, target UE is CPE/FWA/vehicle/Industrial devices which is assumed as higher capability UE compared with legacy UE. Supporting up to 8-Tx and up to 8-layer is the first step of the enhancement in Rel-18 for UL MIMO. 
Proposal 1: Regarding 8 Tx-UL operation in Rel-18, support 8-Tx and up to 8 layers for UL transmission.
2.1.2 DL type I 8-TX codebook vs. UL 4-Tx codebook based 8-Tx codebook
For full-coherent codebook design, it may be based on DL type I 8-Tx codebook, or based on UL 4-Tx codebook. Details can be found in subclause 2.2.1. Simulation results of comparison of such two schemes are shown as below. The simulation assumptions can be found in appendix Table A-2.
Observation 2: Reusing the DL codebook (relevant to oversampling ratio, O1/O2) slightly outperforms enhanced UL codebook (based on legacy 4-Tx UL codebook).
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Figure 3 Performance evaluation with codebook based Tx and up to 64QAM for ‘8-Tx & max RANK-8’: (a) Rank distribution, (b) average UPT, (c) 5%-ile UPT, (d) 95%-ile UPT
2.1.3 Comparison of DL type I based 8-TX codebook with different oversampling settings
[bookmark: _GoBack]In order to facilitate subsequent UL codebook design/selection, we compare different values of oversampling, i.e., O1/O2. Simulation results of comparison are shown as below. The simulation assumptions can be found in appendix Table A-3.
Observation 3: On oversampling settings,
· With the increase of oversampling ratio(s) (especially for low-rank cases), significant performance gain can be observed for cell-edge UE, although average UPT gain may be limited.
· The trade-off between DCI overhead/UE complexity related to UL codebook size and UL transmission performance should be carefully handled.
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Figure 4 Performance evaluation with codebook based Tx and up to 64QAM using different oversampling settings: (a) Rank distribution, (b) average UPT, (c) 5%-ile UPT
2.2 SRI/TPMI enhancement for enabling 8-TX UL transmission
It has been agreed that codebook based and non-codebook based UL transmission, full-coherent, partial-coherent and non-coherent UEs should be studied for 8-Tx UL transmission in Rel-18, as follows. 
	Agreement
Study fully-coherent, partially-coherent and non-coherent UEs for uplink transmission with 8TX UEs .
Agreement
For 8TX UE uplink transmission, study codebook- and non-codebook-based transmission with maximal layer number of both 4 and 8 layers.


In this subclause, details of SRI/TPMI and rank indication for codebook based transmission and non codebook based transmission are further discussed, as well as 2 CWs and full power enhancement. 
2.2.1 Codebook based transmission
For codebook based transmission scheme design, the following aspects should be considered:
· Precoding matrices design, i.e., candidate TPMI/precoding matrix set
· Codebook (#layer + TPMI) indication scheme in DCI
2.2.1.1 On precoding matrices design
Regarding candidate TPMI/precoding matrix set, it has been reached an agreement for possible solutions as follows. NR Rel-15 DL Type I codebook scheme and NR Rel-15 UL 2TX/4TX codebooks are mainly basic candidates. 
	Agreement
For 8TX UE codebook-based uplink transmission, down-select one of
· Alt1-a:
· Study NR Rel-15 UL 2TX/4TX codebooks and/or 8x1 antenna selection vector(s) as the starting point for design of the codebook for non-coherent UEs
· Study NR Rel-15 DL Type I codebook as the starting point for design of the codebook for fully/partially-coherent UEs
· Alt1-b:
· Study NR Rel-15 UL 2TX/4TX codebooks and/or 8x1 antenna selection vector(s) as the starting point for design of the codebook for partially/non-coherent UEs
· Study NR Rel-15 DL Type I codebook as the starting point for design of the codebook for fully-coherent UEs
· Alt2-a:
· Study NR Rel-15 UL 2TX/4TX codebooks and/or 8x1 antenna selection vector(s) as the starting point for design of codebook for fully/partially/non-coherent UEs
· Alt2-b:
· Study NR Rel-15 UL 2TX/4TX codebooks and/or 8x1 antenna selection vector(s) in combination with those based on NR Rel-15 DL Type I codebooks as the starting point for design of codebook for fully/partially/non-coherent UEs
· Alt3:
· Study NR Rel-15 DL Type I codebook as the starting point for design of codebook for fully/partially/non-coherent UEs
Transmission using one or multiple precoders corresponding to one or multiple SRS resources can be studied as part of the above alternatives.


The codebook design for full-coherent, partial-coherent and non-coherent UEs are analyzed one by one as below. 
1. Design for full-coherent 8-Tx codebook 
Full-coherent 8-Tx codebook can be used for full-coherent UE.
Candidate schemes are: 
· Option 1: Reuse DL Type-I 8-Tx codebook. 
· DL Type-I 8-Tx codebook scheme provides rank 1-8 codebooks. 
· Whether all or subset of the DL Type-I 8-Tx codebook is used for UL can be further studied, e.g., candidate values of N1, N2, O1, O2, i1,1, i1,2, i1,3, i2, codebookMode, etc..
· According to subclause 2.1.3, oversampling ratio(s) can be higher for lower rank for benefit of cell-edge UE, but can be lower for higher rank for benefit of lower overhead.
· Option 2: Reuse UL 4-Tx TPMI for full-coherent, with an additional phase offset.
· 

UL 4-Tx codebook scheme provides rank 1/2/3/4 4-port codebook, which can be enhanced to rank 2/4/6/8 8-port codebook by using an additional phase offset . Then rank 1-8 8-port codebook can be determined as a subset of the columns, e.g., the first R (rank value) columns. E.g. W0 is a rank-4 4-port full-coherent codebook, which can be extended to rank-8 8-port codebook , shown as below.


 
· 
Number of candidate values of  should be further studied, e.g., 2, or 4
According to the simulation result, as shown in subclause 2.1.2, option 1 is slightly better than option 2. In addition, option 1 is more flexible than option 2, it may provide proper codebook scheme depending on UE capability and/or scenarios. 
2. Design for partial-coherent 8-Tx codebook 
Partial-coherent 8-Tx codebook can be used for UE with partial-coherent UE, and full-coherent UE which also supports partial-coherent deployment. 
8-Tx ports can be divided into multiple port groups to support partial-coherent, where ports included in a port group are coherent, and ports cross port groups are not required to be coherent. 
Partial-coherent 8-Tx should consider at least the following types:
· Partial-coherent type 1, i.e., 4+4: 2 port groups each with 4 ports, each port group has an individual rank of 0-4.
· Partial-coherent type 2, i.e., 2+2+2+2: 4 port groups each with 2 ports, each port group has an individual rank of 0-2.
Each port group may have an individual TPMI/precoding vector, or a shared TPMI/precoding vector, depending on antenna/panel layout assumption on UE. If a UE, especially for CPE, has similar antenna configuration to gNB, a shared TPMI/precoding vector is reasonable with lower overhead for TPMI indication. Regarding candidate codebook for each port group, DL type I 4-Tx codebook vs. UL 4-Tx codebook can be considered for 4-Tx port group, and UL 2-Tx codebook can be considered for 2-Tx port group. Further considerations are:
· DL type I 4-Tx codebook scheme provides more candidate codebooks than UL 4-Tx codebook scheme. But DL type I 4-Tx codebook scheme only supports full-coherent codebooks, while UL 4-Tx codebook scheme could support full+partial+non-coherent codebooks. Whether UL 4/2-Tx codebooks only refer to full-coherent part is needed to be evaluated further. 
· Free combinations of all possible rank+ TPMI for each port group may cause a huge number of candidate codebooks for partial-coherent. 
· For each port group, rank can be independent. For each 4-port group, rank can be 0-4. For each 2-port group, rank can be 0-2. But it should be precluded that rank(s) for each port group are all zero.
3. Design for non-coherent 8-Tx codebook 
Non-coherent 8-Tx codebook can be used for UE with non-coherent UE, partially+non coherent UE, and fully+partially+non coherent UE. 
There are 255 codebooks considering full flexibility. If UL 4-Tx and UL 2-Tx codebook scheme with partially and non coherent is adopted for partially coherent codebook, it may not need non-coherent 8Tx codebooks. If DL type I codebook scheme or UL 4-Tx and UL 2-Tx codebook scheme without partially and non coherent is adopted, it may need non-coherent 8-Tx codebooks.
Non-coherent 8-Tx codebook can be seen as eight 1-port groups, each group has rank 0 or 1, no TPMI is needed for each 1-port group. 
Proposal 2: Regarding codebook design for 8-Tx, Alt 1-a is preferred.
· Full-coherent codebook can be based on NR Rel-15 DL type I;
· Some parameters can be optimized per rank, e.g., oversampling value can be higher for lower rank(s).
· Partial-coherent codebook can be based on NR Rel-15 UL 4-Tx/2-Tx UL codebooks
· FFS: only full coherent UL 4-Tx/2-Tx UL codebooks vs. full+partial+non coherent UL 4-Tx/2-Tx UL codebooks
· For non-coherent codebook,
· FFS: full flexibility vs. partial flexibility
· FFS: whether to be supported by some of partial coherent codebooks
2.2.1.2 On TPMI and number of layers indication 
With above design for full/partial/non-coherent 8-Tx codebooks, another key point is for indication of the codebooks including indication of rank (i.e., number of layers), and TPMI/precoding matrix, as shown in table 1. 
Table 1: Rank(s) and TPMI(s) to be indicated
	case
	# of layers
	shared TPMI
	or separate TPMI

	1 group
	rank (1~8)
	TPMI
	TPMI

	2 groups-1
	rank (0~4)
	TPMI
	TPMI

	2 groups-2
	rank (0~4)
	
	TPMI

	4 groups-1
	rank (0~2)
	TPMI
	TPMI

	4 groups-2
	rank (0~2)
	
	TPMI

	4 groups-3
	rank (0~2)
	
	TPMI

	4 groups-4
	rank (0~2)
	
	TPMI

	8 groups-1
	rank (0~1)
	
	

	8 groups-2
	rank (0~1)
	
	

	8 groups-3
	rank (0~1)
	
	

	8 groups-4
	rank (0~1)
	
	

	8 groups-5
	rank (0~1)
	
	

	8 groups-6
	rank (0~1)
	
	

	8 groups-7
	rank (0~1)
	
	

	8 groups-8
	rank (0~1)
	
	



Generally there are following options:
· Option A. One joint field to indicate one or more ranks + one or more TPMIs,
· E.g. one table for one or more groups of rank + (shared / separate) TPMI.
· First part of entries in the table corresponds to candidate codebooks for full-coherent, and each entry indicates one rank value + one TPMI
· Second part of entries in the table correspond to candidate codebooks for partial-coherent codebooks, each entry indicates two/four rank values + one (shared) or more (separate) TPMIs. 
· Third part of entries in the table correspond to candidate codebooks for non-coherent codebooks, each entry indicates 8 rank values with 0 or 1.
· Option B. Each port group corresponding to separate fields: indication of rank+TPMI for a port group
· Additional indication for # of port groups is needed. 
· One or more fields is determined based on number of port groups. 
· Option C. One field for rank combination indication, and zero or more fields for a shared TPMI or multiple TPMIs (each for one port group).
Proposal 3: Regarding codebook indication for 8-Tx, consider one of the following options:
· Option A: One table, each entry indicating one or more ranks + one or more TPMIs for one or more port groups.
· Option B: Indication for # of port groups, and  separate fields each indicating  rank+TPMI for a port group
· Option C: One field for rank combination indication, and zero or more fields for a shared TPMI or multiple TPMIs (each TPMI corresponding to one port group).
2.2.2 Non-codebook based transmission
For non-codebook based transmission to support up to 8-Tx, the number of SRS resources in an SRS set can be enhanced to 8. That would cause an 8-bit overhead of SRI field in DCI. In reality, so much flexibility may not necessary. It may be possible to design SRI values with a lower overhead and can meet typical requirement, e.g., considering 8-Tx with more than one panel, like multiple panels/ port groups in codebook based transmission. 
For example, assuming a UE equipped with two 4-port panels corresponding to 2 port groups, for a certain rank value R for each port group, there is no need to support all possible combinations, and only the best R ports (SRS resources) according to measurement of UE is enough.
Proposal 4: Regarding non codebook based transmission design for 8-Tx, 
· The number of SRS resources in an SRS set can be up to 8
· Potential optimization for SRI re-design considering DCI overhead, e.g., 8 bits or less
2.2.3 CW-to-layer mapping enhancement
2 CWs should be supported for more than 4 layers UL 8-Tx transmission, for multiple panel simultaneous transmission, and for 2~4 layers.
For 2~4 layers, 2 CWs provide more flexibility which can benefit for alleviating performance loss due to large difference among layers in reality, details can be found in [1]. Besides, in our companion contribution [2], we also provide some simulation results for multi-panel UL transmission, and based on that, we can observe significant performance by introducing two CWs for up to 4 layers transmission compared with legacy.
To support 2 CWs for UL transmission, we identified some potential spec impacts, such as sequence generator seed for scrambling, codeword-to-layer mapping, DCI format to support 2 CWs (for second TB: MCS, NDI, RV), and determining code rate, TB size when UCI is transmitted on PUSCH, etc.. 
Proposal 5: On 8-Tx UL transmission enhancement, 2 CWs for UL transmission should be supported for more than 4 layers UL 8-Tx transmission, for multiple panel simultaneous transmission, and for 2~4 layers. 
· Condition of enabling >1 CWs for UL transmission can be further studied in RAN1, e.g., if the number of Tx(s) and the number of UL layers exceeds threshold(s).
3 Conclusion
In this contribution, we provide our initial views on Rel-18 UL MIMO. Observations and proposals are listed as follows.
Observation 1: Regarding 8 Tx-UL operation, from the evaluation results, it can be observed that:
· With the increase of a number of Tx(s), UL transmission can perform with higher RANK, system throughput can be improved significantly, regardless of up to 64QAM or 256QAM. 
· When focusing the cases of ‘8-Tx & max RANK-8’ and ‘8-Tx & max RANK-4’, we can find that supporting 8-layer UL transmission can sufficiently obtain the benefits by introducing 8-Tx for cell-center UE.
Proposal 1: Regarding 8 Tx-UL operation in Rel-18, support 8-Tx and up to 8 layers for UL transmission.
Observation 2: Reusing the DL codebook (relevant to oversampling ratio, O1/O2) slightly outperforms enhanced UL codebook (based on legacy 4-Tx UL codebook).
Observation 3: On oversampling settings,
· With the increase of oversampling ratio(s) (especially for low-rank cases), significant performance gain can be observed for cell-edge UE, although average UPT gain may be limited.
· The trade-off between DCI overhead/UE complexity related to UL codebook size and UL transmission performance should be carefully handled.
Proposal 2: Regarding codebook design for 8-Tx, Alt 1-a is preferred.
· Full-coherent codebook can be based on NR Rel-15 DL type I;
· Some parameters can be optimized per rank, e.g., oversampling value can be lower for lower rank(s).
· Partial-coherent codebook can be based on NR Rel-15 UL 4-Tx/2-Tx UL codebooks
· FFS: only full coherent UL 4-Tx/2-Tx UL codebooks vs. Full+partial+non coherent UL 4-Tx/2-Tx UL codebooks
· For non-coherent codebook,
· FFS: full flexibility vs. partial flexibility
· FFS: whether to be supported by some of partial coherent codebooks
Proposal 3: Regarding codebook indication for 8-Tx, consider one of the following options:
· Option A: One table, each entry indicating one or more ranks + one or more TPMIs for one or more port groups.
· Option B: Indication for # of port groups, and  separate fields each indicating  rank+TPMI for a port group
· Option C: One field for rank combination indication, and zero or more fields for a shared TPMI or multiple TPMIs (each TPMI corresponding to one port group).
Proposal 4: Regarding non codebook based transmission design for 8-Tx, 
· The number of SRS resources in an SRS set can be up to 8
· Potential optimization for SRI re-design considering DCI overhead, e.g., 8 bits or less
Proposal 5: On 8-Tx UL transmission enhancement, 2 CWs for UL transmission should be supported for more than 4 layers UL 8-Tx transmission, for multiple panel simultaneous transmission, and for 2~4 layers. 
· Condition of enabling >1 CWs for UL transmission can be further studied in RAN1, e.g., if the number of Tx(s) and the number of UL layers exceeds threshold(s).
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5 Appendix
Table A-1 SLS simulation parameters for 8-Tx UL operation
	Parameter
	Value

	Carrier Frequency
	3.5GHz

	Bandwidth
	20MHz

	SCS
	30kHz

	Network Layout
	Outdoor FWA (38.901): UMa

	BS antenna configuration
	 (M, N, P, Mg, Ng; Mp, Np) = (4,4,2,1,1; 4,4). (dH,dV) = (0.5, 0.8)λ

	UE antenna configuration
	8Tx: (M, N, P, Mg, Ng; Mp, Np) = (1,4,2,1,1; 1,4). (dH,dV) = (0.5, 0.5)λ
4Tx: (M, N, P, Mg, Ng; Mp, Np) = (2,1,2,1,1; 2,1). (dH,dV) = (0.5, 0.5)λ

	Scheduling
	Subband PF

	Traffic model
	FTP model 1: Packet size 500KB, RU~= 50%

	ISD
	500

	UE layout
	100% Outdoor

	UE speed
	3Km/h

	Number of average UE per cell
	10

	RB Number
	50

	Max UE power
	32dBm

	UL power control
	Open loop TPC

	power control parameter
	P0 = -50, Alpha = 0.8

	Modulation
	Up to 64QAM/256QAM

	Layer mapping
	1st CW@RANK1-4, 2nd CW@RANK5-8



Table A-2 SLS simulation parameters for 8-Tx UL operation
	Parameter
	Value

	Carrier Frequency
	3.5GHz

	Bandwidth
	20MHz

	SCS
	30kHz

	Network Layout
	Outdoor FWA (38.901): UMa

	BS antenna configuration
	 (M, N, P, Mg, Ng; Mp, Np) = (4,4,2,1,1; 4,4). (dH,dV) = (0.5, 0.8)λ

	UE antenna configuration
	8Tx: (M, N, P, Mg, Ng; Mp, Np) = (2,2,2,1,1; 2,2). (dH,dV) = (0.5, 0.5)λ

	Scheduling
	Subband PF

	Traffic model
	FTP model 1: Packet size 500KB, RU~= 50%

	ISD
	500

	UE layout
	100% Outdoor

	UE speed
	3Km/h

	Number of average UE per cell
	10

	RB Number
	50

	Max UE power
	32dBm

	UL power control
	Open loop TPC

	power control parameter
	P0 = -80, Alpha = 0.8

	Modulation
	Up to 64QAM/256QAM

	Layer mapping
	1st CW@RANK1-4, 2nd CW@RANK5-8



Table A-3 SLS simulation parameters for 8-Tx UL operation
	Parameter
	Value

	Carrier Frequency
	3.5GHz

	Bandwidth
	20MHz

	SCS
	30kHz

	Network Layout
	Outdoor FWA (38.901): UMa

	BS antenna configuration
	 (M, N, P, Mg, Ng; Mp, Np) = (4,4,2,1,1; 4,4). (dH,dV) = (0.5, 0.8)λ

	UE antenna configuration
	8Tx: (M, N, P, Mg, Ng; Mp, Np) = (1,4,2,1,1; 1,4). (dH,dV) = (0.5, 0.5)λ

	Scheduling
	Subband PF

	Traffic model
	FTP model 1: Packet size 500KB, RU~= 70%

	ISD
	500

	UE layout
	100% Outdoor

	UE speed
	3Km/h

	Number of average UE per cell
	6

	RB Number
	50

	Max UE power
	32dBm

	UL power control
	Open loop TPC

	power control parameter
	P0 = -80, Alpha = 0.8

	Modulation
	Up to 64QAM/256QAM

	Layer mapping
	1st CW@RANK1-4, 2nd CW@RANK5-8
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