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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 previous RAN1 meetings, enhancement for 8-Tx UL transmission in Rel-18 was discussed. Parameter for SLS and LLS, 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 8 layers, are also discussed. 
In this contribution, we provide our evaluation for codebook design and 2 CWs for 8Tx, and analysis on SRI/TPMI enhancement for 8Tx with codebook based and non-codebook based transmission, and PUSCH transmission with 2 CWs. 
2 Enhancement for 8-Tx UL operation
2.1 Evaluation on 8-Tx UL transmission 
2.1.1 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-1.
Observation 1: 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 1 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
2.1.2 Comparison of DL type I based 8-TX codebook with different oversampling settings
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-2.
Observation 2: 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 2 Performance evaluation with codebook based Tx and up to 64QAM using different oversampling settings: (a) Rank distribution, (b) average UPT, (c) 5%-ile UPT
2.1.3 2CW vs. 1CW for 8-Tx
We evaluated performances between 2 CWs and 1CW for 8-Tx with more than four layers, and have the following LLS results as shown in Figure 3 under MCS and RANK adaptation. The simulation assumption can be found in appendix Table A-3.
Based on the results, we have the following observation:
Observation 3: Comparing performances between 2 CWs and 1CW for 8-Tx with more than four layers, we observe:
· With the increase of number of UL layers and UL TXs, 2 CWs using individual MCS, RV and NDI become much essential for improving Rx demodulation & decoding performance, and reducing duplicated data re-transmission by individual HARQ procedures.
· In LLS (to exactly evaluate Rx demodulation and decoding procedure), compared with 1 CW, 2 CWs bring significant performance gains: ~ 3 dB gain in both SNR and around 20% spectrum efficiency (SE) gains for typical scenarios.


Figure 3 LLS performance for 2 CWs vs. 1CW for 8Tx with up to 8 layers under MCS and RANK adaptation 
2.2 SRI/TPMI enhancement for enabling 8-TX UL transmission
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 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
[bookmark: _GoBack]Regarding candidate TPMI/precoding matrix set, five alternatives were reached in RAN1#109-e, then two of them Alt1-b and Alt2-a were down-selected in RAN1#110. NR Rel-15 DL Type I codebook scheme and NR Rel-15 UL 2TX/4TX codebooks are basic candidates. 
	Agreement (RAN1#110)
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 (RAN1#109-e)
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.


It was agreed to further study Alt1-b and Alt2-a for further down-selection in RAN1 meeting #110b-e. Note that Alt1-b and Alt2-a support same solution for partially and non-coherent UEs, i.e., R15 UL 2TX/4TX codebook based scheme. The difference between Alt1-b and Alt2-a is the solution for fully coherent UE, i.e., R15 DL type I codebook based scheme vs. R15 UL 2TX/4TX codebook based scheme. 
We provide further analysis on codebook design for full-coherent, and two types of partial-coherent UEs with consideration of UE antenna layout as shown in Table 1. 
Table 1 Codebook design for one or more port groups with different coherent levels
	Ng
	physical UE antenna layout
up to UE capability
	part 1: full-coherent 
(1 Rank value of 1-8)
	part 2: partial-coh 1
(2 ranks with 0~4)
	part 3:partial-coh 2
(4 ranks with 0~2)

	1
	· [image: A picture containing icon

Description automatically generated]CAT-A1: one port group (full-coherent) 
	CAT-A1:
· If supporting Alt1-b: DL Type I single-panel
· If supporting Alt2-a: common 4Tx UL-TPMI with one additional co-phase, e.g., 


	CAT-B2: 
· 2 individual 4Tx UL-TPMIs
	CAT-C3: 
4 individual 2Tx UL-TPMIs

	2
	· CAT-B1: 2 port groups (coherent across groups)
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Description automatically generated]CAT-B2: 2 port groups (non-coherent across groups)
	CAT-B1:
· If supporting Alt1-b: DL Type 1 multi-panel
· If supporting Alt2-a: common 4Tx UL-TPMI with one additional co-phase
	
	

	4
	· CAT-C1: 4 port groups (coherent across groups) 
· CAT-C2: 4 port groups (coherent among each 2-group, non-coh across two 2-groups)
· 
CAT-C3: 4 port groups (non-coherent across groups) 


	CAT-C1:
· If supporting Alt1-b: DL Type 1 multi-panel
· If supporting Alt2-a: common 2Tx UL-TPMI with 3 additional co-phases
	CAT-C2: 
· For each panel-pair (including 4 antenna ports), common 2Tx UL-TPMI with one additional co-phase
	



a) Design for full-coherent 8-Tx codebook 
Full-coherent 8-Tx codebook can be used for full-coherent UE. In such case, the following categories need to be considered:
· CAT-A1: One port group (with 8-Tx ports), coherent within the port group. 
· CAT-B1: Two port groups (each with 4-Tx ports), coherent within a port group, non-coherent across groups. 
· CAT-C1: Four port groups (each with 2-Tx ports), coherent within a port group, non-coherent across groups. 
Note that a port group can be realized by one panel, or multi-panel with uniform spacing. 
If Alt1-b is adopted for full-coherent UE,
· DL Type I single-panel codebook scheme can be used for CAT-A1. 
· DL Type I multi-panel codebook scheme can be used for CAT-B1 and C1. 
· However, DL Type I multi-panel codebook scheme only supports up to 4 layers for 8 ports with Ng=2, and DL Type I multi-panel codebook scheme is not defined for 8 ports with Ng=4. It may need further study on how to enhance DL type I multi-panel codebook scheme to support UL 8-Tx codebook up to 8 layers for Ng=2 or Ng=4. 
· 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, i1,4, i2, codebookMode, etc..
· According to subclause 2.1.2, oversampling ratio(s) can be higher for lower rank which is beneficial for cell-edge UE, but can be lower for higher ranks for lower overhead.
If Alt2-a is adopted for full-coherent UE, CAT-A1 and CAT-B1 may have same UL 4Tx TPMI based scheme, i.e., one common UL 4Tx TPMI and an additional co-phase. And CAT-C1 may have a similar scheme, i.e., one common UL 2Tx TPMI and 3 additional co-phases. 
· 

For example, 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. A basic W4×4 full-coherent codebook, can be extended to rank-8 8-port codebook , as shown below.


 
· 
Similarly, a basic W2×2 full-coherent codebook, can be extended to rank-8 8-port codebook , as shown below.


 
· 
Number of candidate values of  should be further studied, e.g., 2, or 4
According to the simulation result, as shown in subclause 2.1.1, Alt1-b is slightly better than Alt2-a. But Alt1-b may not be directly reused for 8-Tx port with multi-panel scheme. For multi-panel case, Alt2-a seems better than Alt1-b. Therefore, it may be considered to adopt Alt1-b for one port group full-coherent case (e.g., above CAT-A1), and Alt2-a for multiple port groups full-coherent cases (e.g., above CAT-B1 and C1). 
Proposal 1: Regarding full-coherent codebook design for 8-Tx, 
· For full-coherent codebook with single port group, specify that:
· Alt 1-b (Rel-15 DL type I for single panel) is reused
· For full-coherent codebook with multiple port groups:
· Alt 2-a (Rel-15 UL 4-Tx/2-Tx UL codebooks) is reused.
Proposal 2: Regarding full-coherent codebook design for 8-Tx based on NR Rel-15 DL type I,
· Oversampling value (O1/O2) can be higher for lower rank(s), e.g., 4 for rank=2 or 3, but 1 for other rank values. 

b) Design for partial-coherent 8-Tx codebook 
Partial-coherent 8-Tx codebook can be used for partial-coherent UE, and full- and partial-coherent UE. In such case, 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 can be coherent or not 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.
· CAT-B2: Two port groups (each with 4Tx ports), non-coherent across groups
· CAT-C2: Four port groups (each with 2Tx ports), coherent among 4 Tx ports within a pair of port groups, non-coherent across two pairs of port groups
· 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.
· CAT-C3: Four port groups (each with 2Tx ports), coherent among 4 Tx ports within each port group, non-coherent across port groups
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, i.e., port groups are coherent, a shared TPMI/precoding vector is reasonable with lower overhead for TPMI indication.
Regarding candidate codebook for each port group, 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:
· 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.
· Full-coherent 2Tx/4Tx TPMI vs. full+partial+non coherent 2Tx/4Tx TPMI 
· Combinations of all possible rank+ TPMI for each port group may cause a huge number of candidate codebooks for partial-coherent, as shown in Table 2. Thus full-coherent 2Tx/4Tx TPMI is preferred. 
Table 2 Overhead analysis on UL 2Tx/4Tx TPMI
	For two 4-Tx port groups:
· # of 4-Tx TPMIs:
		Full	part	non	sum
rank=1	16	8	4	28
rank=2	8	8	6	22
rank=3	4	2	1	7
rank=4	2	2	1	5
sum		30	20	12	62
· # of candidates:
For full-coherent only: 	31*31-1=960 
For full+partial+non coh:	63*63-1=3968 
	For four 2-Tx port groups:
· # of 2-Tx TPMIs:
		full	non	sum
rank=1	4	2	6
rank=2	2	1	3
sum		6	3	9


· # of candidates:
For full-coherent only:	7*7*7*7-1=2400
For full+non coherent:	10*10*10*10-1=9999


Proposal 3: Regarding partial-coherent codebook based on NR Rel-15 UL 4-Tx/2-Tx UL codebooks,
· Only full-coherent UL 4-Tx/2-Tx UL codebook is preferred instead of full+partial+non coherent UL 4-Tx/2-Tx UL codebooks
Proposal 4: Regarding partial-coherent codebook design, the following category (CAT-C2 in Table 1) should be considered:
· For 4 port groups case, each port group has 2 ports, and 4 ports among each 2 port groups (i.e., port group pair) are coherent, but ports across two group pairs are not coherent.

c) 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. 
Non-coherent 8-Tx codebook can be seen as eight 1-port groups, each group has rank 0 or 1, and no TPMI is needed for each 1-port group. There are 255 codebooks considering full flexibility which is a comparable to that for fully coherent codebooks. For 8-Tx non-coherent codebooks, such high flexibility may not be necessary due to large overhead. To reduce the number of candidate non-coherent codebooks, UE antenna layout may be considered. 
For instance, a starting port index + a number of “consecutive” ports can be considered for selecting port combinations for non-coherent codebook. Assuming UL 8-Tx port indexing for 1/2/4 port groups as shown in figure 4, number of candidates are evaluated as in Table 3. For a UE supported 2 port groups, a starting port can be port 0, or port 2. For starting port 0, according to the non circular port order (0,4,1,5,2,6,3,7), it can support (0), (0,4), ..., (0,4,1,5,2,6,3,7) for rank1-rank8 port selection. For starting port 2, according to the non circular port order (0,4,1,5,2,6,3,7), it can support (2), (2,6), ...(2,6,3,7) for rank1-rank4 port selection. So the number of candidates for 2 port groups non-coherent codebook is 8+4=12. 
According to the above rule, at most 36 candidate codebooks are needed. If a UE support 1 port group, it may only need 8 candidates. The non circular port order (0,4,1,5,2,6,3,7) follows a rule that ports within less (converged) port groups are selected with priority. If diverged port groups are prioritized, the port order can also be replaced by another order.
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Figure 4 UL 8-Tx port indexing

Table 3 Numbers of candidate non-coherent codebooks
	# of groups
	starting port
	"consecutive" R=1~8 ports with non circular order
	# of candidates

	1 group
	0
	(0,4,1,5,2,6,3,7)
	8

	2 groups
	{0, 2}
	
	8+4=12

	4 groups
	{0, 1, 2, 3}
	
	8+6+4+2=20

	8 groups
	{0,1,...,7}
	
	8+7+...+1 = 36



Proposal 5: Regarding non-coherent codebook design, the following aspects can be considered to reduce candidate non-coherent codebooks:
· Number of port groups
· Limited starting port index, e.g., depending on number of port groups
· A predefined port index order, e.g., (0,4,1,5,2,6,3,7)

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 4. 
Table 4: 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 field: indication of rank+TPMI for a port group
· Additional indication for number of port groups is needed, e.g., at most 2 bits to indicate Ng is one of 1, 2, 4, or 8. 
· 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).
· Rank combination indication also indicates number of port groups, so no additional indication for number of port groups is needed, as for Option B.
Among the above 3 options, Option A is the best from perspective of overhead, but it would cause a complex spec effort; Option B and C are better from perspective of logic, so they are easier to be specified. Since Option C has a larger overhead, Option B is preferred. 
Proposal 6: Regarding codebook indication for 8-Tx, Option B should be adopted:
· Option B: Indication for # of port groups, and separate fields each indicating rank+TPMI for a port group
Regarding balance of overhead reduction and performance, as mentioned above, smaller value of O1/O2 for DL codebook based scheme, only full-coherent TPMIs are selected for UL codebook based scheme, and smaller candidate set of non-coherent ports can be adopted. 
Besides, number of candidate Ng which can be indicated dynamically via DCI is another aspect which is worth being considered. 
· For NR Rel-15 4Tx UL codebook design, a UE supporting full-coherent ports could support partial-coherent and non-coherent codebooks by default. That means if full-coherent 8-Tx ports (e.g., one port group, Ng=1) is supported, partial-coherent (e.g., Ng=2, and Ng=4) codebooks and non-coherent codebooks (e.g., Ng=8) can also be supported. And codebooks of four Ng can be indicated dynamically. 
· For overhead reduction, number of Ng which can be dynamically indicated can be reduced, e.g., from 4, to 2, or even 1 (e.g., RRC or MAC CE indicates one Ng for codebook indication in DCI), considering no need of so much flexibility in reality. On one hand, the bit size of indication of number of port groups may be reduced from 2 bits to 1 bit, or even 0 bit; on the other hand, the candidate codebooks can be reduced which need less overhead for TPMI indication, no matter which one of the above Option A, B or C is adopted. 
Proposal 7: Regarding overhead reduction for codebook indication for 8-Tx:
· Candidate set of Ng which can be dynamically indicated in DCI can be configured by RRC signaling.
· E.g., for a UE supporting full-coherent 8-Tx ports, Ng=1, and Ng=2 can be configured by RRC, and DCI only needs to indicate the value of Ng for corresponding codebook selection.

2.2.2 Non-codebook based transmission
For non-codebook based transmission to support up to 8-Tx, the agreements were reached as follows in last RAN1 meeting. 
	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

Agreement
For SRS resource set(s) with usage ‘nonCodebook’ support 8 1-port SRS resources in one or multiple OFDM symbols. 
· Note: The maximum number of simultaneous SRS resources is determined via UE-capability signalling.


Regarding Alt1, single SRS resource set configured with up to 8 single-port SRS ports. That would cause an 8-bit overhead of SRI field in DCI. In reality, so much flexibility may not be 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 8: Regarding non codebook based transmission design for 8-Tx, with single SRS resource set configured with up to 8 single-port SRS ports
· Potential optimization for SRI re-design considering DCI overhead, e.g., 8 bits or less
· E.g., reduce the number of candidate SRS resource combination with “consecutive” number of SRS resources combination
Regarding Alt2, two SRS resource sets for non codebook based PUSCH, each configured with up to 4 single-port SRS resources, should also be considered e.g., for mPanel-mTRP scenario. So we support Alt3, both Alt1 and Alt2 can be supported. 
Proposal 9: Regarding non codebook based transmission design for 8-Tx, support Alt3 of the following. 
· 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. 

2.2.3 CW-to-layer mapping enhancement
The following agreement was reached as follows regarding CW enhancement. 
	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.


In our view, 2 CWs should be supported for more than 4 layers of UL 8-Tx transmission. Given that 2 CWs are supported for PDSCH with more than 4 layers, it is straightforward to support 2 CW for PUSCH with more than 4 layers to keep alignment between implementations of downlink and uplink.
In addition, according to our estimation and observation in section 2.1.3, 2 CWs outperforms 1 CW significantly due to more flexibility, thus 2 CWs should be supported. 
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 10: On 8-Tx UL transmission enhancement, 2 CWs should be supported for more than 4 layers UL 8-Tx transmission. 

3 Conclusion
In this contribution, we provide our initial views on Rel-18 UL MIMO. Observations and proposals are listed as follows.
Observation 1: Reusing the DL codebook (relevant to oversampling ratio, O1/O2) slightly outperforms enhanced UL codebook (based on legacy 4-Tx UL codebook).
Observation 2: 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.
Observation 3: Comparing performances between 2 CWs and 1CW for 8-Tx with more than four layers, we observe:
· With the increase of number of UL layers and UL TXs, 2 CWs using individual MCS, RV and NDI become much essential for improving Rx demodulation & decoding performance, and reducing duplicated data re-transmission by individual HARQ procedures.
· In LLS (to exactly evaluate Rx demodulation and decoding procedure), compared with 1 CW, 2 CWs bring significant performance gains: ~ 3 dB gain in both SNR and around 20% spectrum efficiency (SE) gains for typical scenarios.
Proposal 1: Regarding full-coherent codebook design for 8-Tx, 
· For full-coherent codebook with single port group, specify that:
· Alt 1-b (Rel-15 DL type I for single panel) is reused;
· For full-coherent codebook with multiple port groups:
· Alt 2-a (Rel-15 UL 4-Tx/2-Tx UL codebooks) is reused.
Proposal 2: Regarding full-coherent codebook design for 8-Tx based on NR Rel-15 DL type I,
· Oversampling value (O1/O2) can be higher for lower rank(s), e.g., 4 for rank=2 or 3, but 1 for other rank values. 
Proposal 3: Regarding partial-coherent codebook based on NR Rel-15 UL 4-Tx/2-Tx UL codebooks,
· Only full-coherent UL 4-Tx/2-Tx UL codebooks is preferred instead of full+partial+non coherent UL 4-Tx/2-Tx UL codebooks
Proposal 4: Regarding partial-coherent codebook design, the following category (CAT-C2 in Table 1) should be considered:
· For 4 port groups case, each port groups has 2 ports, and 4 ports among each 2 port groups (i.e., port group pair) are coherent, but ports across two group pairs are not coherent.
Proposal 5: Regarding non-coherent codebook design, the following aspects can be considered to reduce candidate non-coherent codebooks:
· Number of port groups
· Limited starting port index, e.g., depending on number of port groups
· A predefined port index order, e.g., (0,4,1,5,2,6,3,7)
Proposal 6: Regarding codebook indication for 8-Tx, Option B should be adopted:
· Option B: Indication for # of port groups, and separate fields each indicating rank+TPMI for a port group
Proposal 7: Regarding overhead reduction for codebook indication for 8-Tx:
· Candidate set of Ng which can be dynamically indicated in DCI can be configured by RRC signaling.
· E.g., for a UE supporting full-coherent 8-Tx ports, Ng=1, and Ng=2 can be configured by RRC, and DCI only needs to indicate the value of Ng for corresponding codebook selection.
Proposal 8: Regarding non codebook based transmission design for 8-Tx, with single SRS resource set configured with up to 8 single-port SRS ports
· Potential optimization for SRI re-design considering DCI overhead, e.g., 8 bits or less
· E.g., reduce the number of candidate SRS resource combination with “consecutive” number of SRS resources combination
Proposal 9: Regarding non codebook based transmission design for 8-Tx, support Alt3 of the following. 
· 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. 
Proposal 10: On 8-Tx UL transmission enhancement, 2 CWs should be supported for more than 4 layers UL 8-Tx transmission. 

4 References
[1] 	Chair's notes RAN1#110
[2] 	Chair's notes RAN#109-e
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) = (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-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) = (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



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

	Carrier Frequency
	3.5GHz

	Bandwidth
	20MHz

	SCS
	30kHz

	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

	Channel model
	CDL-B with 100ns delay spread

	UE speed
	3Km/h

	Precoding scheme
	SVD

	Modulation
	Adaptive MCS for Up to 64QAM

	Layer mapping
	Rank adaption
2CWs:1st CW@RANK1-4, 2nd CW@RANK5-8

	DMRS configuration 
	Type 1 DMRS with 1 front-loaded and 1 additional DMRS

	PRB number 
	5 PRBs
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