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[bookmark: _Ref465963108]Introduction
In RAN plenary #94e, the work item on MIMO Evolution for Downlink and Uplink was approved [1]. One of the main objectives of the work item is enabling 8 Tx UL transmission, which is listed as below
5. Study, and if justified, specify UL DMRS, SRS, SRI, and TPMI (including codebook) enhancements to enable 8 Tx UL operation to support 4 and more layers per UE in UL targeting CPE/FWA/vehicle/Industrial devices
· Note: Potential restrictions on the scope of this objective (including coherence assumption, full/non-full power modes) will be identified as part of the study.

In this contribution, the schemes to support enhancement for 8 Tx UL transmissions are discussed. 
[bookmark: _Ref525738522][bookmark: _Ref471731770][bookmark: _Ref462669569]Max 4 layers vs max 8 layers for 8 Tx PUSCH 
One key open issue for 8 Tx PUSCH is whether support more than 4 layers PUSCH with 8 Tx PUSCH. For this open issue, we studied the performance gain and standard impact of supporting more than 4 layers. 
Supporting 2 CWs with more than 4 layers PUSCH has large specification impact (as shown in Section 5 in details) including CW to layer mapping, HARQ/scheduling enhancements, UCI multiplexing on two CWs, and DMRS ports signalling, which would require a large amount of standard effort and TU. 
Putting the large standard impact aside, whether support more than 4 layers should heavily depend on whether more than 4 layers PUSCH could provide significant gain over 4 layers PUSCH. To answer this question, we compare the performance between max 4 layers and max 8 layers. In the SLS assumptions, there are two key parameters
· P0 = -50, or -80 dBm  
· Max modulation order = 256QAM, or 64 QAM
Study on P0 selection 
Following the SLS assumptions agreed in RAN1 #109e, the performance of mean throughput, cell edge (5%) throughput, and cell center (95%) throughput with the two different P0s are shown in the following figures. We can see that in most of the cases, in terms of mean throughput and cell edge throughput, P0 = -80 dBm yields better performance than P0 = -80 dBm. In terms of cell center throughput (95%), P0 = -50 dBm is better than P0 = -80 dBm, in a few cases.
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[bookmark: _Ref110705594]Fig 1: Performance comparison between different P0
The above results are as expected. We can do a simple calculation by assuming gNB receiver noise figure of 5 dB, noise floor of -174 dBm per Hz. With these assumptions, even if a PUSCH allocation takes the whole system bandwidth (which is worst case for UL Tx), the noise power on each RB is -174+5+10*log10 (30000*12) = -113 dB. If P0 is set to -50 dBm, which means the target SNR is 63 dB. Apparently, this target SNR is too high for UL transmission. Therefore, P0 = -50 dBm is inappropriately too high for UL transmission.
Inappropriately high P0 degrades the system performance especially for cell edge UEs, due to the following reasons
· Larger P0 increases inter-cell interference, which would reduce the SINR of uplink transmission hence reduce the cell edge UE performance.  
· Larger P0 might consume UE power unnecessary too aggressive, which limits the number of RBs that UE can transmit 

The first reason is verified by cell UE performance in Fig 1. 
To verify the second reason, a simple experiment is performed to check the UE transmission power with a single RBG (4RBs) transmission. Given max Tx power of 32 dBm for a UE, with P0 = -50 dBm, about 80% of the UEs in the system already reach full power with a single RBG. It means that 80% of UEs cannot be scheduled with more than 1 RBG, which will reduce the throughput of those UEs. However, with P0 = -80 dBm, only 2% of the UEs reach full power with single RBG, which means other 98% UEs can be potentially scheduled with more RBG to support larger throughput. 
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Fig 2: CDF of UE power with single RBG (4RBs) transmission
Observation 1: P0 = -80dBm is a more appropriate SLS assumption 8 Tx PUSCH. 
Based on the above observation, in the reminder of this contribution, P0 = -80 dBm is used for simulations. 
Study on max # layers with max QAM of 256QAM or 64QAM
To evaluate whether there is potential gain with maximum of 8 layers on top of maximum of 4 layers, one key assumption is the maximum modulation order allowed for PUSCH. Apparently, for a UE to potentially transmit with more than 4 layers, the SINR must be very high. There are two approaches to harvest the SINR and convert it into higher throughput, as listed below.
· Approach 1 is transmitting PUSCH with more layers while keeping the highest modulation order capped at 64QAM. 
· Approach 2 is transmitting PUSCH with higher modulation order such as 256QAM while capping the number of layers at 4 layers. 

In the following, the performances of these two approaches are studied and compared in Fig 3. We can have the following observations.
· In terms of mean throughput, max 8 layers capped 64QAM has marginal gain over max 4 layers capped at 256QAM
· In term of cell edge (5%) throughput, max 8 layers capped 64QAM has marginal loss over max 4 layers capped at 256QAM
· In terms of cell center throughput, max 8 layers capped 64QAM has marginal gain over max 4 layers capped at 256QAM
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[bookmark: _Ref110715455]Fig 3: Performance comparison between max 4 layers capped 256QAM and max 8 layers capped 64QAM
Based on the above simulation results, the benefit of supporting more than 4 layers is insignificant. Despite the {12%, 21%, 19%} loss at cell edge, {10%, 5%, 8%} cell center and {4.9%, 3.8%, 0.9%} mean throughput gain don’t justify the huge standardization impact to support more than 4 layers. Furthermore, in real deployment, not all UEs are Rel-18 CPE/FWA/vehicular/industrial devices which can support 8 layers, with Rel-18 UEs coexist with legacy UEs, the observed gain in the above simulations is further reduced. 
Based on the above analysis, RAN1 should prioritize the standardization of 8 Tx with up to 4 layers to secure a baseline specification to support 8 Tx transmission in Rel-18, while the standardization of 8 Tx with more than 4 layers can be deprioritized. Therefore, the following proposal is made. 
Proposal 1: Rel-18 prioritize the specification for 8 Tx PUSCH with up to 4 layers, while deprioritize the specification for 8 Tx PUSCH with more than 4 layers. 
8 Tx codebook based PUSCH
For 8 Tx codebook based PUSCH, the key question is designing the 8 Tx precoders codebook. For the 8 Tx precoders, there are three cases need to be studied as below, similar as 4 Tx precoders,
· Non coherent 8 Tx precoders
· Partial coherent 8 Tx precoders
· Full coherent 8 Tx precoders
[bookmark: _Ref101796887]Partial coherent and non-coherent precoders with 8 Tx
On CPE/FWA implementation, the easiest way to build 8 Tx might be installing multiple of the existing 2 Tx or 4 Tx antenna modules on a CPE/FWA. The multiple antenna modules can be installed on a same or a few different surfaces of the CPE/FWA devices. Across different antenna modules, it is usually very challenging, if not impossible, to keep coherence. Within a same antenna module, depends on that the antenna module itself consists of coherent or noncoherent antennas, those antennas can be coherent or noncoherent. 
Two examples of above-mentioned implementation are provided in Fig 4. In the first example (in left sub-figure), a CPE/FWA is equipped with 2 antenna modules. Antenna module 1 consists of 4 coherent antennas. Antenna module 2 also consists of 4 coherent antennas. The two modules are noncoherent due to hardware limitations, as they are two separated modules. For this CPE/FWA with partial coherent 8 Tx antennas, the most straightforward way to build 8 Tx precoder is selecting a precoder A for antenna module 1 from Rel-15 4 Tx codebook, and separately selecting a precoder B for antenna module 2 from Rel-15 4 Tx codebook. By concatenating two Rel-15 4 Tx precoders, an 8 Tx precoder with a block diagonal structure can be formed, as shown in left sub-figure of Fig 4. Similarly, if a CPE/FWA is equipped with 4 antenna modules, where each consists of 2 coherent antennas, a block diagonal 8 Tx precoder can be built by concatenating four of Rel-15 2 Tx precoders. 	
Of course, under this umbrella of building 8 Tx precoders via diagonally concatenating Rel-15 2 Tx and 4 Tx precoders, a more complicated cases such as mixed concatenating 2 Tx and 4 Tx precoders can be considered. However, for the progress of this work item, it is recommended to prioritize the study of the following two example scenarios as a starting point. 
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[bookmark: _Ref101793816]Fig 4: Examples of partial coherent 8 Tx precoders based on Rel-15 4 Tx or 2 Tx precoders
In RAN1 #109e, the above scheme was discussed (captured as Alt1-b) together with other schemes. At the end of RAN1 #109e, the following was agreed for down-selection. 
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.

Based on the above agreement, regarding non-coherent and partial coherent, there are actually following two approaches. 
· Approach 1: Use Rel-15 DL type 1 2Tx/4Tx codebook to concatenate UL 8 Tx partial coherent or noncoherent codebook
· Approach 2: Use Rel-15 UL 2Tx/4Tx codebook to concatenate UL 8 Tx partial coherent or noncoherent codebook

In the following, we compare the performance, signalling overhead, and receiver complexity between the two approaches.  
The general method of constructing partial coherent and noncoherent precoders is shown in Table 1.
[bookmark: _Ref111128145]Table 1: Codebook structure for 8Tx partial coherent and noncoherent precoders
	Rank 1
	Rank 2
	Rank 3
	Rank 4

	Type 1: 

Type 2: 
	Type 1: 

Type 2: 

Type 3: 
	Type 1: 

Type 2: 

Type 3: 

Type 4: 
	Type 1: 

Type 2: 

Type 3: 

Type 4: 

Type 5: 



	Rank 5
	Rank 6
	Rank 7
	Rank 8

	Type 1: 

Type 2: 

Type 3: 

Type 4: 
	Type 1: 

Type 2: 

Type 3: 
	Type 1: 

Type 2: 
	Type 1: 



The TPMI sizes of these two approaches are shown in Table 2. It is obvious that approach 1 generates a larger set of partial coherent and non-coherent precoders, which requires larger gNB scheduler complexity to decide the best precoder for PUSCH. It also requires 1 more bit to signal the decided TPMI.
[bookmark: _Ref111128225]Table 2: Codebook size for 8Tx partial coherent and non-coherent precoders 
	
	The number of 8Tx partial coherent and non-coherent precoders

	Approach
	Approach 1:
Use Rel-15 DL type 1 4Tx codebook to concatenate UL 8 Tx PC or NC codebook
	Approach 2:
Use Rel-15 UL 4Tx codebook to concatenate UL 8 Tx PC or NC codebook

	Rank 1
	28 + 28=56
	28 + 28 = 56

	Rank 2
	22 + 22 + 28 * 28 = 828 
	22 + 22 + 28 * 28 = 828 

	Rank 3
	11+ 11+ 22 * 28 + 28 * 22 = 1254
	7 + 7 + 22 * 28 + 28 * 22 = 1246 

	Rank 4
	11+ 11 + 22 * 22 + 11 * 28 + 28 * 11 = 1122 
	5 + 5 + 22 * 22 + 7 * 28 + 28 * 7 = 886 

	Rank 5 
	11* 22+22*11+11*28+28*11 = 1100
	7* 22+22*7+5*28+28*5 = 588

	Rank 6
	11*11+ 11*22+22*11 = 605
	7*7+ 5*22+22*5 = 269

	Rank 7
	11*11 + 11*11 = 242
	5*7 + 7*5 = 70

	Rank 8
	11*11 = 121
	5*5 = 25

	Sum of TPMI
	5328
	3968



In the following, we compare the performance of approach 1 and 2. The antenna structure assumption in the following simulations is shown below. To make the simulation feasible in practice, a reduced size precoder set as shown Table 3 is used in the simulations. The codebook size of approach 1 used in simulation is 1281, while the codebook size of approach 2 used in simulation is 792. After size reduction, the difference between the two approaches is kept as similar as before the size reduction. The simulation results are shown in Fig 6. It is observed that the performance of approach 1 is slightly better than approach 2 with marginal gain. Due to the scheduler complexity and signalling overhead with approach 1, we prefer approach 2. 
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Fig 5: 8Tx antenna structure with Ng =2, (M, N, P) = (1, 2, 2)

[bookmark: _Ref111128476]Table 3: Reduced codebook size for 8Tx partial coherent and non-coherent precoders in simulations
	
	The number of 8Tx partial coherent and non-coherent precoders

	Approach
	Approach 1:
Use Rel-15 DL type 1 4Tx codebook to concatenate UL 8 Tx PC or NC codebook
	Approach 2:
Use Rel-15 UL 4Tx codebook to concatenate UL 8 Tx PC or NC codebook

	Rank 1
	28 + 28=56
	28 + 28=56

	Rank 2
	22 + 22 + 16 * 16 = 300
	22 + 22 + 16 * 16 = 300

	Rank 3
	11 + 11+ 8 * 16 = 150
	7 + 7+ 8 * 16 = 142

	Rank 4
	11 + 11 + 8*8+8*16 = 214
	5 + 5 + 8*8+4*16 = 138

	Rank 5 
	8*8+8*16 = 192
	4*8+2*16 = 64

	Rank 6
	8*8+8*8= 128
	4*4+2*8=32

	Rank 7
	11*11=121
	5*7=35

	Rank 8
	11*11=121
	5*5 =25

	Sum of TPMI
	1282
	792
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[bookmark: _Ref111118465]Fig 6: Performance comparison between Approach 1 and Approach 2 with partial coherent codebooks
With the above analysis, the following proposal is made.
Proposal 2: NR Rel-18 reuse and concatenate existing Rel-15 2 Tx and/or 4 Tx PUSCH precoders to support 8 Tx PUSCH precoders with partial coherent or noncoherent 8 Tx (i.e., Alt 1-b). 
· Prioritize the specification of the following two cases.
· Concatenate two 4 Tx precoders to build an 8 Tx precoder.
· Concatenate four 2 Tx precoders to build an 8 Tx precoder.
· FFS details on signalling to reuse and concatenate existing Rel-15 precoders.
· FFS how to reduce the size of the codebook. 
[bookmark: _Ref111138886]Full coherent precoders with 8 Tx
For full coherent precoders with 8 full coherent Tx, the simple concatenation approach as in 3.1 cannot be used. To fully explore the potential gain of 8 coherent Tx, a new precoder codebook is desired. 
In general, there are at least two approach RAN1 can follow to design the new 8 Tx coherent precoders. 
The first approach is designing the 8 Tx coherent precoder based on DFT matrix, assuming the 8 Tx antenna layout follows the regular structure of ULA or UPA as agreed in RAN1 #109e. Following this principle, one example of 8 Tx precoder can be similar to DL type-I 8 Tx codebook, which is based on DFT codebook with oversampling factor and a co-phasing factor . This approach is captured as Alt1-b in the agreements made in RAN1 #109e. 
The second approach is designing the 8 Tx coherent precoder based on Rel-15 UL 2Tx/4Tx codebook.  For example, a co-phasing factor  can be used to combine two Rel-15 4-Tx full coherent precoder into an 8-Tx full coherent precoder. This approach is captured as Alt2-a in the agreements made in RAN1 #109e. For example, where  is the  matrix with  columns of Rel-15 UL 4Tx codebook.

[bookmark: _Hlk100236777]In the following, we compare the performance, signalling overhead, and receiver complexity between the two approaches.  The performance of approach 1 is better than approach 2, as shown in Fig 7. Furthermore, the overhead of approach 1 is much smaller than approach 2, as shown in Table 4.
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[bookmark: _Ref111057202]Fig 7: Performance comparison between Approach 1 and Approach 2 with fully coherent codebooks
[bookmark: _Ref102051743]Table 4: Codebook size for 8Tx fully coherent precoders
	
	The number of 8Tx fully coherent precoders

	Approach
	Approach 1 (Alt1-b):
DL type-I 8 codebook, (N1 =4, N2=1) 
	Approach 2 (Alt2-a):
Rel-15 UL 4Tx and co-phasing

	Rank 1
	64 (O1=4, i2 = 0,1,2,3)
	16 * 16 * 4 = 1024

	Rank 2
	32 (O1=4, i2 = 0,1)
	8 * 8 * 4 = 256 

	Rank 3
	32 (O1=4, i2 = 0,1)
	4 * 4 * 4 = 64

	Rank 4
	32 (O1=4, i2 = 0,1)
	2 * 2 * 4 = 16

	Sum of TPMI 
	160
	1360 



Proposal 3: As a starting point, Rel-18 study the new precoder codebook for PUSCH with fully coherent 8 Tx based on DFT matrix (i.e., Alt 1-b). 
Oversampling factor for fully coherent precoders
One important aspect for the first approach (i.e., designing the 8 Tx coherent precoder based on DFT matrix) is the selection of the oversampling factor. One should notice that in Rel-15/16/17, UL precoder only takes QPSK constellation, which greatly simplified UE Tx implementation. In Rel-18, this nice property should be reserved. In other words, RAN-18 should not introduce UL precoder with entries selected from constellation that is higher than QPSK, which will introduce unnecessary complexity to UE implementation. Therefore, in approach 1, the oversampling factors O1 and O2 should comply with the constraint to avoid introducing constellation higher constellation than QPSK. For example, with Ng =1 and (M, N, P) = (1, 4, 2), O1 should be 1. 
In the following, we further evaluate the impact of oversampling factor O1 to performance.  
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[bookmark: _Ref111131645]Fig 8:Performance comparison between different oversampling factors with (M, N, P) = (1, 4, 2) structure
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[bookmark: _Ref111131659]Fig 9:Performance comparison between different oversampling factors with (M, N, P) = (2, 2, 2) structure

One can see that in Fig 8, for ULA structure with (M, N, P) = (1, 4, 2), comparing between O1=1 and O1=4, the performance loss with O1=1 is only {1.8%, 3.2%, 1.6%} in terms of the average throughput, while the codebook size with O1=1 is only ¼ of the codebook size with O1=4. 
In Fig 9, for UPA structure with (M, N, P) = (2, 2, 2), comparing between O1=O2=2 and O1=O2=4, the performance loss with O1=O1=2 is only{1.0%, 1.7%, 2.3%} % in terms of the average throughput, while the codebook size with O1=O2=2 is only ¼ of the codebook size with Q1=O2=4.
Proposal 4: 8 Tx UL codebooks reuse entries from QPSK constellation, without introducing constellation higher than QPSK. 
Prioritization between full coherent and non/partial coherent codebook specification
For 8 Tx full coherent precoder, although it is studied in comprehensively in Section 3.2, one should notice that the study is based on an assumption that the 8 Tx are with ULA or UPA antenna layout. With different antenna layout, the gain of 8 Tx may not exist. At this stage, it is not sure what antenna layout will real product adopt given product with 8 UL Tx is still futuristic. Furthermore, if DFT codebook is adopted for 8 Tx PUSCH, it actually requires UE has to keep this nice linearly phase ramp across 4 Tx in one polarization. This phase difference actually is a stringent new requirement for UE to achieve. One should notice that in Rel-15 UL coherent codebook, such linear phase ramping is not required.    
With the above reasoning, for 8 Tx codebook design, it is desired to prioritize the specification for partial coherent and non-coherent 8 Tx precoders, to secure a baseline support for 8 Tx transmission in Rel-18. With partial coherent and non-coherent 8 Tx precoders, at least the objective in the WID is achieved to support 8 Tx in Rel-18. The design of 8 Tx coherent precoders may optimize the performance of 8 Tx, which can be viewed as second stage objective. Of course, RAN1 should still aim an ideal outcome and strive to complete the second stage objective in Rel-18.  
Based on the above analysis, the following proposal is made. 
Proposal 5: For codebook based 8 Tx PUSCH in Rel-18, prioritize the specification for non-coherent and partial coherent 8 Tx precoders.
8 Tx non-codebook based PUSCH
For non-codebook based PUSCH, the enhancement for 8 Tx is relatively simple, as there is no precoder codebook design involved. The only enhancement identified is on the enhancement of SRI signalling to indicate the up to 8 SRS ports to transmit PUSCH. 

The necessary SRI enhancements are heavily dependent on the adopted SRS enhancements for 8 Tx, which are discussed in detail in an accompanied contribution [2].  In below, a summary of SRS enhancement for 8 Tx is provided. 

If 8 SRS ports are sounded via a single SRS resource set, as illustrated in Fig 10. The SRI enhancement is simply expanding the bit width the SRI field in DCI to indicate the total number of combinations of X ports, which is:, where  denotes the number of combinations of choose X ports out of 8 ports. 
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[bookmark: _Ref101816902]Fig 10: 8 SRS ports are sounded via a single SRS resource for NCB based PUSCH

If 8 SRS ports are sounded via multiple SRS resource sets, as illustrated in Fig 11. Multiple SRI fields, e.g., 2, might be needed in the DCI scheduling 8 Tx NCB PUSCH. The details of bit-width of SRI field for each SRS resource set can be further studied. 

[image: ]
[bookmark: _Ref101817161]Fig 11: 8 SRS ports are sounded via two SRS resource sets for NCB based PUSCH 
With the above discussion, the following proposal is made for non-codebook based PUSCH with 8 Tx. 

Proposal 6: Rel-18 specify SRS and SRI enhancement to support non-codebook based PUSCH with 8 Tx. 
· FFS details on SRI enhancement for 8 SRS ports sounding via a single SRS resource set.
· FFS details on SRI enhancement for 8 SRS ports sounding via multiple SRS resource set, each sounding less than 8 ports.
[bookmark: _Ref101948649][bookmark: _Ref463027406][bookmark: _Ref465963195][bookmark: _Ref466040522][bookmark: _Ref378529477][bookmark: _Toc424303267][bookmark: _Toc425248865][bookmark: _Toc425344835][bookmark: _Toc425350726][bookmark: _Toc425501584][bookmark: _Toc425504168][bookmark: _Ref525738606][bookmark: _Ref7626308][bookmark: _Ref21100018]UL PTRS enhancements for UL 8 Tx
UL PTRS needs to be enhanced to support 8 Tx PUSCH. One typical use case that motivates UL PTRS enhancement is the following scenario as illustrated by Fig 12. A UE has 8 PUSCH Tx ports where the 8 ports are distributed on 4 UL panels, where the ports within the same panel are coherent and the ports across different panels are noncoherent. For this partial coherent UE, since each panel would need a separate oscillator to generate Tx waveform, 4 independent phase noise would be added into the 8 Tx PUSCH transmission. Therefore, 4 PTRS ports, each for one panel, are needed for receiver to estimate the phase noise separately for each UL panel. Therefore, in Rel-18, with 8 Tx PUSCH, it is necessary to increase the number of PTRS from up to 2 (in Rel-15/16/17) to up to 4, for both noncodebook based PUSCH and codebook based PUSCH.
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[bookmark: _Ref111060685]Fig 12: Examples 8 Tx PUSCH transmission requires 4 PTRS ports 
Based on the above reasoning, the following proposal is made.
Proposal 7: Increase # UL PTRS ports from up to 2 (in Rel-15/16/17) to up to 4, for both noncodebook based 8 Tx PUSCH and codebook based 8 Tx PUSCH. 
· FFS: enhancements to support up to 4 PTRS ports. 

With Rel-18 specification supports up to 4 PTRS ports, for a UE with 8 PUSCH Tx ports, UE should send a signaling to indicate how many PTRS ports it requires, based on UE’s hardware architecture. One should notice that, for a set of coherent PUSCH Tx ports, it is assumed that a single PTRS port is enough to cover them. However, for a set of noncoherent PUSCH Tx ports, it is up to UE’s capability whether a single or multiple PTRS ports are needed to support them. Therefore, for 8 partial and noncoherent PUSCH Tx, a UE capability is needed to report to network how many PTRS ports are needed. 
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Fig 13: UE capability signaling of required # PTRS ports 
Proposal 8: Specify a new UE capability to indicate the number of PTRS ports, X, required by the UE, where . 
· FFS: PTRS ports to DMRS ports association enhancements.
Specification enhancement for more than 4 layers PUSCH 
With more than 4 layers 8 Tx PUSCH transmission, similar to PDSCH, it is naturally to support 2 codeword (CW) PUSCH transmissions. With 2 CWs PUSCH transmission, it opens up many new issues for study in Rel-18, which are discussed in this section. 
The first issue is CW to layer mapping. It is natural to follow the similar mapping as in PDSCH with 2 CW, i.e., the first CW maps to layer 0-3, and the second CW maps to layer 4-7. 
Proposal 9: For 2 CWs PUSCH with 8 layers in Rel-18, reuse Rel-15 2 CWs PDSCH CW to layer mapping procedure.
The second issue is on what are the necessary UL HARQ enhancement to support 2 CW transmission and retransmission, which could include the following aspects.
· NDI, RV, MCS signaling for the second CW 
· CBG based PUSCH with 2 CWs
· Dynamic switch between 2 CW and single CW PUSCH 

It is apparent that the UL grant supporting 2 CWs PUSCH needs to be expanded to include NDI/RV/MCS fields for the second CW. The signalling to enable/disable each of the two CWs, i.e., switch between single CW and 2 CWs PUSCH transmissions need to be specified as well. CBG based PUSCH specification needs to be extended to cover 2 CW PUSCH. 
Based on the above analysis, the follow proposal is made for HARQ enhancement with 2 CWs PUSCH. 
Proposal 10: Study, and if necessary, specify HARQ enhancement to support two codewords PUSCH with 8 Tx including at least the following aspects
· NDI, RV, MCS signaling for the second CW 
· CBG based PUSCH with 2 CWs
· Dynamic switch between 2 CW and single CW PUSCH 

With 2 CWs on PUSCH, another important issue needs study is the UCI multiplexing on PUSCH. With an initial scoping, the following aspects need to be address.
· Multiplex UCI only on one of the CWs or both CWs 
· Whether allowing different beta offset values for the two CWs

Proposal 11: Study, if necessary, specify the UCI-multiplexing enhancement to support UCI multiplexing on two codewords PUSCH with 8 Tx including at least the following aspects
· Multiplex UCI only on one of the CWs or both CWs 
· Whether allowing different beta offset values for the two CWs

In Rel-15 up to 4 layers PUSCH transmission, the DMRS ports is signaling via “antenna ports” field in the scheduling DCI. With more than 4 layers PUSCH transmission, apparently, enhancement is needed to indicate more than 4 DMRS ports. 

Proposal 12: Study, if necessary, specify the signaling on DMRS port indication in DCI to support PUSCH with more than 4 layers.   
8 Tx full power UL transmission
For non-coherent and partial-coherent 8 Tx PUSCH, the full power transmission specified in Rel-16 can be extended to support full power transmission for 8 Tx in a straightforward way with minimum spec impact. 

For full power mode 0, a UE with 8 Tx, where each Tx is equipped with full power PA, can simply transmit full power with any 8 Tx precoders supported by Rel-18 specification to be standardized. Mode 1 supports full power by allowing non-coherent/partial coherent UEs to transmit with full coherent 8 Tx precoders via UE implementation transparent to specification such S-CDD. Mode 2 virtualize SRS port(s) to support full power, following a similar way as in Rel-16. 

[image: ]
Fig 14: Examples for full power mode 0/1/2 with 8 Tx PUSCH 
With the above analysis, the following proposal is made. 
Proposal 13: Support reusing Rel-16 full power transmission schemes with necessary enhancements for PUSCH with 8 Tx.
Conclusions
In summary, we have the following proposals for 8 Tx UL transmission for Rel-18 MIMO evolution. 
Proposal 1: Rel-18 prioritize the specification for 8 Tx PUSCH with up to 4 layers, while deprioritize the specification for 8 Tx PUSCH with more than 4 layers. 
Proposal 2: NR Rel-18 reuse and concatenate existing Rel-15 2 Tx and/or 4 Tx PUSCH precoders to support 8 Tx PUSCH precoders with partial coherent or noncoherent 8 Tx (i.e., Alt 1-b). 
· Prioritize the specification of the following two cases.
· Concatenate two 4 Tx precoders to build an 8 Tx precoder.
· Concatenate four 2 Tx precoders to build an 8 Tx precoder.
· FFS details on signalling to reuse and concatenate existing Rel-15 precoders.
· FFS how to reduce the size of the codebook. 

Proposal 3: As a starting point, Rel-18 study the new precoder codebook for PUSCH with fully coherent 8 Tx based on DFT matrix (i.e., Alt 1-b). 
Proposal 4: 8 Tx UL codebooks reuse entries from QPSK constellation, without introducing constellation higher than QPSK. 
Proposal 5: For codebook based 8 Tx PUSCH in Rel-18, prioritize the specification for non-coherent and partial coherent 8 Tx precoders.
Proposal 6: Rel-18 specify SRS and SRI enhancement to support non-codebook based PUSCH with 8 Tx. 
· FFS details on SRI enhancement for 8 SRS ports sounding via a single SRS resource set.
· FFS details on SRI enhancement for 8 SRS ports sounding via multiple SRS resource set, each sounding less than 8 ports.

Proposal 7: Increase # UL PTRS ports from up to 2 (in Rel-15/16/17) to up to 4, for both noncodebook based PUSCH and codebook based PUSCH. 
· FFS: enhancements to support up to 4 PTRS ports. 

Proposal 8: Specify a new UE capability to indicate the number of PTRS ports, X, required by the UE, where . 
· FFS: PTRS to DMRS association enhancements.

Proposal 9: For 2 CWs PUSCH with 8 layers in Rel-18, reuse Rel-15 2 CWs PDSCH CW to layer mapping procedure.
Proposal 10: Study, and if necessary, specify HARQ enhancement to support two codewords PUSCH with 8 Tx including at least the following aspects
· NDI, RV, MCS signaling for the second CW 
· CBG based PUSCH with 2 CWs
· Dynamic switch between 2 CW and single CW PUSCH 

Proposal 11: Study, if necessary, specify the UCI-multiplexing enhancement to support UCI multiplexing on two codewords PUSCH with 8 Tx including at least the following aspects
· Multiplex UCI only on one of the CWs or both CWs 
· Whether allowing different beta offset values for the two CWs

Proposal 12: Study, if necessary, specify the signaling on DMRS port indication in DCI to support PUSCH with more than 4 layers.   
Proposal 13: Support reusing Rel-16 full power transmission schemes with necessary enhancements for PUSCH with 8 Tx.
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