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1. Introduction
In the RAN1#109e meeting, several agreements regarding for enabling 8Tx UL transmission were agreed as captured in Annex. This contribution discusses and provides our view on the enhancement of SRI/TPMI for 8Tx UL transmission. 

2. [bookmark: _GoBack]Discussions  
In NR, the maximum supported Tx port for uplink transmission is 4. As many operators concerned during Rel-18 MIMO scoping discussion in RAN plenary, major bottle-neck of commercialized NR network is UL performance. In order to obtain higher UL throughput, 8Tx UL transmission can be a useful tool for non-handheld devices. For example, during the study of evaluation methodology of new V2X use cases [2], many antenna configurations including 8Tx UL transmission were considered. Also, in [3], evaluations of radiation pattern for vehicle according to the several antenna locations (e.g., car front bumper, front rooftop, middle rooftop, rear rooftop and car rear bumper) were presented. Hence, in order to effectively support such vehicle scenarios, 8 Tx UL transmission should be supported in Rel-18 MIMO. 
Proposal 1. Support both codebook and non-codebook based 8Tx UL transmission in Rel-18 MIMO. 

In the last meeting, it was agreed to study on the maximum # of supported layers for 8 Tx UL transmission. If the maximum 8 layers are supported, there are some related issues. One is codeword-to-layer mapping. Regarding this issue, one simple way is to follow the DL principle, i.e., the layer split for > 4 layer transmission can be first  layers map to codeword 0 and remaining layers map to codeword 1. Another way is to define mapping rule based on the UE capability. For example, low capability UE can still employ one codeword, and high capability UE can employ two codewords. The other issue is DCI format to support 2nd TB. In this issue, field design such as DMRS, MCS, NDI, RV and etc. can be discussed. 
Observation 1. If the maximum 8 layers are supported, there are issues related to codeword-to-layer mapping and DCI format to support 2nd TB. 

TPMI enhancement for 8Tx UL transmission 
2.2.1 8Tx codebook design principle
In the last meeting, 8Tx UE codebook design was intensively discussed and the following agreement was made. However, this agreement seems mixed with two different points, i.e., codebook design principle and codebook subset. 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.

Observation 2. Previous agreement regarding 8Tx codebook design is mixed with two different points, i.e., codebook design principle and codebook subset. 

During the discussion for Rel-15 NR UL codebook design with CP-OFDM, the main design principle for fully coherent TPMI design is reusing DL Type I CSI. So, at least for fully coherent TPMI, it is preferred to reuse NR Rel-15 DL Type I CSI. For partial coherent TPMI, antenna group-wise selection can be considered in addition to the intra-group coherency. In other word, for intra-group coherency of 4Tx partial coherent, 2Tx full coherent TPMIs which is 2Tx UL codebook are assumed. For non-coherent TPMI, antenna turn-off codebook (or antenna selection codebook) can be considered in order to save UE power assumption and to reduce the uplink interference. 
Regarding codebook subset, in Rel-15 UL codebook design, three codebook subsets (i.e., 'fullyAndPartialAndNonCoherent', or 'partialAndNonCoherent', or 'nonCoherent') for PUSCH transmission can be configured to UE depending on the UE capability. In this sense, fully coherent UE can be configured with all codebook subsets. In our view, it is preferred to apply the same principle to codebook subset for 8 Tx UL transmission. The difference for 8Tx codebook subset compared to legacy UL codebook subset is the partial coherent codebook subset, since there can be two different levels of partial coherency as depicted in the Figure 1. Based on the above discussion, Alt2-b is preferable for 8Tx codebook design. 
Proposal 2. Support Alt2-b for 8Tx codebook design. 
As shown in the Figure 1, there are 2 Tx antenna coherency and 4 Tx antenna coherency, and each of which may correspond to 4 panel UE and 2 panel UE, respectively. Of course, it may be different depending on the UE implementation. However, for the ease of codebook design, we assume the partial coherency depicted in the figure 1. Then, for level-1 coherency, coherency of PUSCH/SRS ports can be {1000, 1004}, {1001, 1005}, {1002, 1006}, and {1003, 1007}. Also, for level-2 coherency, coherency of PUSCH/SRS ports can be {1000, 1001, 1004, 1005} and {1002, 1003, 1006, 1007}. As a result, the codebook subset for 8Tx can be non-coherent, non-partial coherent level1, non-partial coherent level2 and non-partial-fully coherent.

[image: 8Tx]
Figure 1 An example of multi-level coherency for 8 Tx antennas
Proposal 3: Support fully-coherent, partial-coherent and non-coherent UEs for 8Tx uplink transmission.
Proposal 4. Support two-level partial coherency for codebook based 8Tx UL transmission. 
· Level-1: 4-group 2Tx coherency
· Level-2: 2-group 4Tx coherency 

2.2.2 8Tx codebook structure 
In the last meeting, following antenna layouts are agreed to consider for codebook design.

   
For linear antenna array and planner antenna array, DFT vector can be typically used for spatial domain basis vector. So, for 2D antenna layout such as 1-a, 2-a and 3-a, 2D DFT can be considered at least for fully coherent TPMI. Then, the codebook structure can be expressed as
                                          (1)
where  is co-phase term for different polarization and 

For 1D antenna layout such as 1-b and 3-b, 1D DFT can be used. Then, vector  with oversampling factor =1 and 2 can be
and
, respectively.
The larger oversampling factor can help for accurate UL beamforming, but it requires larger DCI payload. So, it is important to determine proper oversampling factor. 
 For 2-a and 2-b, inter-group co-phase may be needed similar to Type I multi-panel CSI. Then, the codebook structure can be  where  is inter-group co-phase. If ={1, j, -1, -j}is assumed, vector  can be 
.

It can be observed that the codebook structure can be varied according to the antenna layout which is based on the UE implementation. In order to cover various UE antenna implantations, two options can be considered. One option is to define a common UL codebook for all antenna layout. In this option, union or intersection of codebooks corresponding to possible antenna layouts can be considered. The other option is to define multiple UL codebook types. In this option, UE reports its Tx antenna capability to gNB and gNB will configure the proper UL codebook based on the UE capability.  

Proposal 5. For 8Tx UL codebook construction, consider the following two options
· Option 1. Common UL codebook for all potential antenna layouts
· Option 2. Multiple UL codebooks 
2.2.3 Codebook for CP-OFDM
As mentioned in subsection 2.2.1, similar principle for Rel-15 UL codebook can be applied. For rank 1 non-coherent TPMIs, antenna turn-off codebook can be considered as shown in Table 1. Here, the scaling factor of  is assumed to take into account for antenna turn-off effect which can save UE power consumption and reduce some uplink interference. Due to the limit of bit width for TPMI indication, further down selection can be considered if needed. 
Table 1. 8Tx non-coherent TPMIs with CP-OFDM
	
	
	
	
	
	
	
	



For partial coherent TPMIs, as mentioned above, we need to consider two level of partial coherency, so that two different types of TPMIs should be considered accordingly. For the level-1 partial coherency, we can apply 2Tx full coherent TPMIs, e.g., for each corresponding two coherent ports as shown in Table 2. 
Table 2. 8Tx level-1 partial-coherent TPMIs with CP-OFDM
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	



For the level-2 partial coherency, we can apply 4Tx full coherent TPMIs for each corresponding four coherent ports as shown in Table 3. 
Table 3. 8Tx level-2 partial-coherent TPMIs with CP-OFDM
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	



For fully coherent TPMI design, DL Type I CSI is reused as discussed in subsection 2.2.2. In summary, final rank 1 8Tx codebook for CP-OFDM can be listed in Table 4. In the table, length-4 1D DFT vector with oversampling of 1 is assumed as an example. 

Proposal 6. Consider Table 4 for rank 1 8Tx codebook for CP-OFDM. 
Table 4. Rank 1 8Tx TPMIs for CP-OFDM
	TPMI index
	

(ordered from left to right in increasing order of TPMI index)
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2.2.4 Codebook for DFT-s-OFDM
In NR, DFT-s-OFDM is utilized for uplink transmission as it is robust for PAPR, and only rank 1 transmission is allowed. Similarly, for 8 Tx UL transmission with DFT-s-OFDM, the maximum number of layers can be 1. For the TPMI design, we can simply follow the design principle discussed for CP-OFDM. Thus, for rank 1 non-coherent and level-1 partial coherent TPMIs, TPMIs in Table 1 and 2, respectively, can be applied. For level-2 partial coherent codebook, 4Tx fully coherent TPMIs for DFT-s-OFDM can be applied for the coherent 4 ports as shown in TPMI 24-55 in the Table 5. Note that 4Tx UL full coherent TPMIs for DFT-s-OFDM is based on the LTE 4Tx UL codebook which is adopted from the LTE DL 4Tx House-holder codebook. So, for 8Tx fully coherent TPMIs for DFT-s-OFDM, NR 8Tx DL codebook can be reused similar to the CP-OFDM. Then, the final 8 Tx TPMIs for DFTs-OFDM is listed in the Table 5.   

Proposal 7. Consider Table 5 for rank 1 8Tx codebook for DFT-s-OFDM. 
Table 5. Rank l 1 8Tx TPMIs with DFT-s-OFDM
	TPMI index
	

(ordered from left to right in increasing order of TPMI index)

	0 – 7
	
	
	
	
	
	
	
	

	8 – 15
	
	
	
	
	
	
	
	

	16 – 23
	
	
	
	
	
	
	
	

	24 – 31
	
	
	
	
	
	
	
	

	32 – 39
	
	
	
	
	
	
	
	

	40 – 47
	
	
	
	
	
	
	
	

	48 – 55
	
	
	
	
	
	
	
	




	56 – 63
	
	
	
	
	
	
	
	

	64 - 71
	
	
	
	
	
	
	
	




SRI enhancement for 8Tx UL transmission
In non-codebook based UL transmission, multiple one-port SRS resources are configured to UE, and UE transmits beamformed SRS resources to gNB based on the configuration. Then, gNB indicates SRI to UE based on determined/calculated transmit rank and SRS resource combination. If the number of supported UL Tx ports is increased by 8, the SRI and/or number of SRS resources should be enhanced to effectively operate non-codebook based UL transmission with increased combinatorial number of SRS resources.
To this end, following alternatives can be considered. 
· Alt1. Increase number of one-port SRS resource from 4 to 8
· Alt2. Allow max 2 SRS ports per SRS resource
· Alt3. Reuse Rel-17 S-DCI based M-TRP PUSCH mechanism
In Alt1, the potential specification impact is to define more SRS resources and corresponding SRI indication. It is very straight forward approach and very flexible method to indicate up to 8 layer for non-codebook based UL transmission. The maximum number of combinatorial number can be 255. Then, the bit-width can be bits. Note that in case of 4 Tx, the maximum combinatorial number can be 15 and its corresponding bit width is 4 bits. 
  In Alt2, the max number of ports per SRS resource can be 2. Then, in order to support 8 layer transmission, it is not required to increase the number of SRS resources. However, less flexibility of indication and some restriction of UL beam generation is expected. 
Alt 3 reuses Rel-17 S-DCI based M-TRP PUSCH mechanism. In Rel-17 S-DCI, two SRI fields are introduced where each field corresponds to different SRS resource set and can schedule up to 4 layers. Therefore, if we reuse this mechanism, up to 8 layer scheduling can be possible. The potential spec. impact of this alternative can be how to map multiple SRS resources in a single SRS resource set to two SRS resource sets used for M-TRP PUSCH transmission.
Based on above discussion, we suggest following proposal. 

Proposal 8. Consider following alternatives for enabling 8Tx non-codebook based UL transmission. 
· Alt1. Increase # of SRS resource from 4 to 8.
· Alt2. Allow max 2 SRS ports per SRS resource
· Alt3. Reuse Rel-17 S-DCI based M-TRP PUSCH mechanism
3. Conclusion
In this contribution, we discussed enhancements on SRI/TPMI for enabling 8Tx UL transmission in Rel-18 MIMO. Based on the above discussion, we have following observations and proposals:
Observation 1. If the maximum 8 layers are supported, there are issues related to codeword-to-layer mapping and DCI format to support 2nd TB. 
Observation 2. Previous agreement regarding 8Tx codebook design is mixed with two different points, i.e., codebook design principle and codebook subset. 

Proposal 1. Support both codebook and non-codebook based 8Tx UL transmission in Rel-18 MIMO. 
Proposal 2. Support Alt2-b for 8Tx codebook design. 
Proposal 3: Support fully-coherent, partial-coherent and non-coherent UEs for 8Tx uplink transmission.
Proposal 4. Support two-level partial coherency for codebook based 8Tx UL transmission. 
· Level-1: 4-group 2Tx coherency
· Level-2: 2-group 4Tx coherency 
Proposal 5. For 8Tx UL codebook construction, consider the following two options
· Option 1. Common UL codebook for all potential antenna layouts
· Option 2. Multiple UL codebooks 
Proposal 6. Consider Table 4 for rank 1 8Tx codebook for CP-OFDM. 
Proposal 7. Consider Table 5 for rank 1 8Tx codebook for DFT-s-OFDM. 
Proposal 8. Consider following alternatives for enabling 8Tx non-codebook based UL transmission. 
· Alt1. Increase # of SRS resource from 4 to 8.
· Alt2. Allow max 2 SRS ports per SRS resource
· Alt3. Reuse Rel-17 S-DCI based M-TRP PUSCH mechanism
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Annex
1) Agreement in RAN1#109e
Agreement
Study fully-coherent, partially-coherent and non-coherent UEs for uplink transmission with 8TX UEs .
 
Agreement
Study full power transmission for 8TX UEs .
· Details are FFS upon completion of codebook design

Agreement
Adopt the following Table as the reference EVM for LLS evaluation
· Companies may provide additional evaluation results per their case of interest
· LLS is optionally used for 8Tx UL evaluation, if needed
	Parameter
	Value

	Carrier Frequency
	3.5 GHz

	Waveform
	CP-OFDM

	SCS
	30 KHz

	System bandwidth
	20 MHz, 100 MHz

	Scheduled PRBs
	5, 25, 50, 260 PRBs

	gNB RX antenna setup and port layouts
(𝑀,𝑁,𝑃,𝑀𝑔,𝑁𝑔,𝑀𝑝,𝑁𝑝)
 
	(8,8,2,1,1,4,8) with (𝑑H, 𝑑V) = (0.5, 0.8)𝜆
(4,4,2,1,1,4,4) with (𝑑H, 𝑑V) = (0.5, 0.8)𝜆
(2,2,2,1,1,2,2) with (dH , dV ) = (0.5, 0.5)λ
 

	UE TX antenna configuration
	To be defined according to outcome of Proposal 2.1

	UE speed
	3 Km/h

	Number of Layers
	Adaptive, Fixed (reported by company) 

	AMC
	Adaptive, Fixed (reported by company) 

	DMRS configuration
	Type 1; 1 front loaded + 1 additional symbol

	Channel estimation
	Real

	Channel Model
	CDL-A (30ns), CDL-B (100ns), CDL-C (300ns)


  
Agreement
For 8TX UE uplink transmission, study codebook- and non-codebook-based transmission with maximal layer number of both 4 and 8 layers.

Agreement
Adopt the following Table as the reference EVM for SLS evaluation.-
· Companies may provide additional evaluation results per their case of interest.
	Parameter
	Value

	Frequency range
	3.5 GHz

	Multiple access
	OFDMA 

	Numerology
	14 OFDM symbol slot
SCS , 30 KHz  

	Scenario
	Outdoor FWA (38.901): UMa (ISD = 500 m), 100% Outdoor, 3Km/h

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

	
	Industrial (38.901): Indoor Office (Inh ), 3Km/h

	Channel model
	38.901

	System bandwidth
	20 MHz, 100 MHz 

	gNB RX antenna setup and port layouts
(𝑀,𝑁,𝑃,𝑀𝑔,𝑁𝑔,𝑀𝑝,𝑁𝑝) 
	Outdoor FWA : 
(8,8,2,1,1,4,8) with (𝑑H, 𝑑V) = (0.5, 0.8)𝜆
(4,4,2,1,1,4,4) with (𝑑H, 𝑑V) = (0.5, 0.8)𝜆
 
Indoor FWA : 
(8,8,2,1,1,4,8) with (𝑑H, 𝑑V) = (0.5, 0.8)𝜆
(4,4,2,1,1,4,4) with (𝑑H, 𝑑V) = (0.5, 0.8)𝜆
 
Industrial:
(2,2,2,1,1,2,2) with (dH , dV ) = (0.5, 0.5)λ
 

	gNB antenna radiation pattern parameters
	Outdoor/Indoor FWA : 
38.901 Table 7.3-1, 8 dBi , 65° HPBW
 
Industrial:
IMT.2412 Table 10,5 dBi , 90° 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
	To be defined according to outcome of Proposal 2.1

	Traffic model
	-    FTP model 1: Packet size 500KB, RU= 50% and suggested low/high RU of values of 20% and 70%
-   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
	23 dBm (UE, 38.101)
32 dBm (FWA, 38.101)

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



Agreement
For 8TX UE, consider the following UE antenna layouts for codebook design,
· For non-coherent UEs, consider linear array (1D/2D) of cross-polarized or single-polarized antenna configuration
· For fully/partial-coherent UEs, consider linear array (1D/2D)
· Where the array is either cross-polarized antenna configuration or single polarized antenna configuration
· Ng>=1 antenna groups can be considered where each group comprises coherent antennas, and across groups, antennas can be non-coherent/coherent depending on device types
· An example of an antenna group is a panel
· Within an antenna group, antenna elements are uniformly spaced. Across different antenna groups, companies to provide details.
Additional information for definition of antenna layout 
· Based on the number of coherent groups, following exemplary cases can be considered where, within each group, antenna elements are spaced by 0.5λ, and then dG-H, dG-V represent the horizontal and vertical spacings between the centers of adjacent antenna groups, respectively 
· Further down-selection can be done in the next meeting, if needed 
· The shown exemplary placing of antenna groups can be used for evaluation purpose, but the codebook design is not restricted to shown cases. 
· Other antenna layouts for other use cases are not precluded.
· To start companies may report their results according to their preferred layout.


	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


  
o   Other UE antenna assumption for the purpose of evaluation
	 
	Outdoor FWA
	Indoor FWA
	Industrial

	UE antenna height
	6, 3 m (To start)
	According to 36.873
	According to 38.901



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.
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