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1	Introduction
In RAN#102 one objective was agreed for 3Tx UL MIMO enhancements in Rel-19 WID [1]. The specific objective in the WID RP-234007 is:
	4. Specify non-coherent UL codebook to facilitate 3-antenna-port codebook-based transmissions, without enhancement on UL full power transmission and without enhancement on SRS resource
Note: UL full power transmission mode 1 and 2 are not supported.




This contribution provides initial study on the 3Tx codebook design, on non-coherent codebook. System level simulations are also conducted to compare performance between 2Tx and 3Tx with coherent and non-coherent setup. The SLS results indicate that 3Tx non-coherent is not always better than 2-antenna-port in uplink. Related observations and proposals are provided in the contribution.

2	Non-coherent 3Tx codebook design
The starting point for non-coherent 3Tx codebook design shall follow the design principle for non-coherent 8Tx design in Rel-18. As agreed in RAN1 during the 8Tx study, all possible combinations of non-coherent 8-port precoders are supported up to 8 layers. RAN1 #113 meeting reached this agreement for 8Tx non-coherent:

	Agreement
For non-coherent uplink precoding by an 8TX UE, support Alt1., 
· Alt1. – All 255 combinations from 8 non-coherent rank1 precoders are supported.



With this agreement, Rel-18 8Tx non-coherent codebook (codebook4) is thus defined, as listed here based on TS 38.211:

Table 6.3.1.5-47: Precoding matrix   for codebook4 and transmission using eight antenna ports. Up to 8 layers are supported with transform precoding disabled and up to one layer with transform precoding enabled.
	TPMI index
	

	0 – 
	

where column  of , denoted , has an element 1 on the row corresponding to the port  on which layer  is to be transmitted, and element 0 in all other rows, ,
, where  if a layer is to be transmitted on port  and  otherwise, and  for , where  is defined by Table 5.2.2.2.5-4 of [6, TS 38.214].  

TPMI indices  to  are mapped to values of , first by increasing values of the number of transmitted layers, and then by increasing values of  for a given number of layers.



For 3Tx, the total number of non-coherent uplink precoding would be . The exhaustive list of possible combinations for all 3 layers is shown in Table 1, following the same design principle for 8Tx codebook4. 

[bookmark: _Ref158700678]Table 1    3Tx non-coherent codebook
	Rank
	3Tx Precoders
	TPMI Size

	1
	, ,  
	3

	2
	, , 
	3

	3
	,
	1



With the total 7 number of precoders, a maximum 3-bit TPMI field in DCI is sufficient to indicate these precoders, depending on maximum rank configuration from 1 to 3.
We thus propose:
Proposal 1: Support the 3Tx non-coherent codebook as listed in Table 1.
Proposal 2: Support a maximum 3-bit TPMI field for non-coherent 3Tx.

3	SRS and PT-RS for 3Tx
Uplink codebook-based transmission needs its corresponding SRS as well. Given that there is no 3-port SRS in NR, we shall have a 3-port SRS design to enable uplink 3Tx. There are two options for 3-port SRS design:
· Option 1: Define a new 3-port SRS
· Option 2: Re-use existing 4-port SRS for 3-port operation.

Given the limited WID scope with the indication “without enhancement on SRS resource”, Option 2 would have less specification impact, although Option 2 would also be considered as an “enhancement” to the existing SRS resource. We have this observation:
Observation 1: It would have less specification impact if we re-use NR existing 4-port SRS resource for 3Tx SRS design.
There is another potential impact to PT-RS for 3Tx operation. The existing PT-RS design would be re-usable for 3Tx, with modification of PT-RS mapping. 
Proposal 3: Consider re-using PT-RS design for 3Tx operation.

4	3Tx performance
One motivation of using 3Tx over the existing 2Tx and 4Tx would be that the 3Tx can be considered as an “enhancement” over 2Tx UE implementation. The question is how much benefit can be achieved from using 3Tx vs 2Tx, given that there were few performance studies for 3Tx uplink. To answer this question, we studied the 3Tx system-level performance, where we used the SLS simulation assumptions used for Rel-18 UL 8Tx as a starting point. The simulation assumptions are listed below:
Table 2    3Tx and 2Tx system level simulation assumptions
	Parameter
	Value

	Frequency range
	3.5 GHz

	Multiple access
	OFDMA 

	Numerology
	14 OFDM symbol slot
SCS , 30 KHz  

	Scenario
	UMa (ISD = 200 m), 80% Indoor

	Channel model
	38.901

	System bandwidth
	20 MHz

	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
 

	gNB antenna radiation pattern parameters
	38.901 Table 7.3-1, 8 dBi , 65° HPBW 
 

	gNB receiver noise figure
	5dB 

	gNB receiver
	MMSE-IRC

	gNB scheduler
	Single user with proportional fair

	Modulation
	-    Up to 256QAM  

	MIMO scheme
	SU-MIMO with rank adaptation:  
For 2TX UEs: max rank=2.  For 3TX UEs: max rank = 3

	UE speed
	3 Km/h

	UE TX antenna configuration
	2TX UEs:  UEx:  two x-pol antennas
	UEvv: two vertically polarized elements
3TX UEs:  UExv:  x-pol plus a vertically polarized element; 
	UEvvv: three vertically polarized elements


	Traffic model
	Full buffer

	Precoder granularity
	Wideband 

	Power control
	Open loop, 
-    alpha = 0.8
-    P0 = -80 dBm  


	UE power rating
	23 dBm (UE, 38.101):  Full power mode-0

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




The detailed performance results are captured in this table and in the subsequent two figures:

Table 3    Performance results of system level simulations
	
	Sector SE
	Edge UE SE
	Mean Rank

	2TX: comparing coherent vs non-coherent
	
	
	

	Gain of coherent 2TX over non-coherent 2TX: (vv)
	13.8%
	9.2%
	0.1%

	Gain of coherent 2TX over non-coherent 2TX: (x)
	2.0%
	-3.6%
	-1.2%

	2TX comparing (x) vs (vv)
	
	
	

	Coherent 2TX: gain of (x) over (vv):
	8.7%
	4.8%
	11.3%

	Noncoherent 2TX: gain from (x) over (vv):
	21%
	19%
	13%

	Noncoherent: comparing 3TX with 2TX
	
	
	

	Gain of noncoherent 3TX (xv) over noncoherent 2TX (x):
	6.7%
	4.0%
	35.6%

	Gain of noncoherent 3TX (vvv) over noncoherent 2TX (vv):
	7.2%
	-0.9%
	29.1%

	Comparing non-coherent 3TX with coherent 2TX 
	
	
	

	gain of noncoherent 3TX (xv) over coherent 2TX (x):
	4.6%
	7.9%
	37.3%

	gain of noncoherent 3TX (vvv) over coherent 2TX (vv):
	-5.8%
	-9.2%
	28.9%
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Figure 1: Relative mean UE spectral efficiency and Edge UE spectral efficiency: full buffer traffic.  Comparing 2TX with 3TX.
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Figure 2: Mean scheduled rank per UE: full buffer traffic.  Comparing 2TX with 3TX.

Comparing coherent CBs and non-coherent CBs: the results are dependent on the UE configuration, but some trends can be seen from the cases that were run so far.  For Section SE, these are our observations: 
Observation 2: Gain of 3TX non-coherent over 2TX non-coherent is less than 7% for the antenna configurations evaluated.
Observation 3: Gain of 3TX non-coherent over 2TX coherent:  for the antenna configurations evaluated, the gain ranges between a 6% loss to an 8% gain depending on the UE antenna configuration.  
Note that the performance was evaluated with full power mode 0 for all UE cases.  Note that the spec support for full power mode 0 with UL 3TX is currently out of scope for the Rel-19 WID, so simulation results without full power mode 0 would be very helpful.

5	Conclusions
Initial study on the 3Tx codebook design for the Rel-19 WID is provided in this contribution. Here is the summary of our proposals and observations.
Proposal 1: Support the 3Tx non-coherent codebook as listed in Table 1.

Table 4    3Tx non-coherent codebook
	Rank
	3Tx Precoders
	TPMI Size

	1
	, ,  
	3

	2
	, , 
	3

	3
	,
	1



Proposal 2: Support a maximum 3-bit TPMI field for non-coherent 3Tx.
Observation 1: It would have less specification impact if we re-use NR existing 4-port SRS resource for 3Tx SRS design.
Proposal 3: Consider re-using PT-RS design for 3Tx operation.

Detailed system-level simulation results are provided on 3Tx vs 2Tx with these observations: 
Observation 2: Gain of 3TX non-coherent over 2TX non-coherent is less than 7% for the antenna configurations evaluated.
Observation 3: Gain of 3TX non-coherent over 2TX coherent:  for the antenna configurations evaluated, the gain ranges between a 6% loss to an 8% gain depending on the UE antenna configuration.  
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