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1. Introduction
In the last meeting, followings were agreed for 3 Tx UL transmission.
	Agreement
For non-coherent uplink precoding by a 3TX UE, at least following precoders are supported for single-layer transmission.


Agreement
For non-coherent uplink precoding by a 3TX UE, at least following precoders are supported for two-layer transmission.
, ,  

Agreement
For non-coherent uplink precoding by a 3TX UE, at least following precoders are supported for three-layer transmission.


Agreement
For SRS configuration supporting codebook-based UL transmission by a 3TX UE, down-select one of
· Alt1 – Support configuration of X 4-port SRS resources in a resource set where one the ports is muted
· Alt2 – Support configuration of X SRS resources with equal/unequal number of ports (e.g. 2 + 1 or 1 + 1 + 1) in a resource set,
The value for X is FFS, and it will be determined according to the selected alternative.

Agreement
For a 3TX UE, down-select one of the following options for the number of PTRS ports,
· Option-1: A single PTRS port is supported.
· Option- 2: Up to 2 PTRS port may be configured.

Agreement
For a 3-antenna-port codebook-based UL transmission, study PTRS-DMRS association.

Agreement
For a 3-antenna-port codebook-based UL transmission, study power split for each port of SRS and PUSCH.

Agreement
For codebook-based uplink transmission by a 3TX UE, support full-power Mode 0, subject to UE capability.

Conclusion
There is no consensus in RAN1 to support antenna switching for 3TX UE in Rel-19

Agreement
For performance evaluation of 3TX UE, 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 3Tx 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 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 performance evaluation of 3TX UE, adopt the following Table as the reference EVM for SLS evaluation.
· Companies may provide additional evaluation results per their case of interest.
Note: The considered EVM is to be used as a baseline set of assumption for future potential studies related to 3TX.
	Parameter
	Value

	Frequency range
	3.5 GHz

	Multiple access
	OFDMA 

	Numerology
	14 CP-OFDM symbol slot
SCS , 30 KHz  

	Scenario
	eMBB:
Dense Urban (200m), 3.5GHz	

Outdoor FWA:
UMa (500m), 3.5GHz


	UE Outdoor/Indoor (%)
	eMBB:
80%, 20%

Outdoor FWA:
100%, 0%


	System bandwidth
	20 MHz, 100 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
(4,4,2,1,1,4,4) with (𝑑H, 𝑑V) = (0.5, 0.8)𝜆

Optional: 
Classical: two 8x1 xpols, 4λ apart; 4 TXRUs tilt=[104°] 


	gNB antenna radiation pattern parameters
	· Outdoor/Indoor
Per 38.901, Table 7.3-1
 

	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 antenna config	

	eMBB:
· Xpol+1pol; isotropic ULA
· Xpol+1pol; 110°, 4 dBi	

Outdoor FWA:
· Xpol+1pol; isotropic ULA
· 3 directional 1pol: 110°, 4 dBi


	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
	Rel-15 2Tx non-coherent


	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
	eMBB:
23 dBm, UL FPTx mode 0 or Rel-15 power scaling 	

Outdooe FWA:
31 dBm, UL FPTx mode 0


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



Agreement
For performance evaluation of 3TX UE, consider following reference configurations,
· A linear array (1D) of single-polarized antenna configuration with a spacing of 0.5λ, 
· For example:		 |
· A configuration of a cross-polarized and a single-polarized antennas, 
· For example:		 

Agreement
For SRS configuration supporting codebook-based UL transmission by a 3TX UE, one SRS resource set is configured for single TRP operation.

Agreement
For codebook-based transmission by a 3TX UE, 
· Only PUSCH antenna ports 1000, 1001, 1002 are used
· Option- 2: Subject to UE capability, up to 2 PTRS ports may be configured in PTRS-UplinkConfig, 
· FFS whether a single bit or 2 bits are used for PTRS-DMRS association indication.
Above is only for single panel transmission.



This contribution discusses on remaining issues for 3-antenna-port codebook-based transmissions.

2. Discussions 
SRS resource configuration for 3 Tx antenna UE
In NR, 1/2/4/8-port SRS resource is currently supported for SRS transmission with usage of “codebook”. In order to support 3-port codebook based PUSCH transmission, 3-port SRS resource should be supported as well. In the last meeting, two alternatives were listed to support 3-port SRS resource considering the condition that there is no enhancement on SRS resource as described in the WID, the one is to use 3 ports of 4-port SRS resource(Alt1) and the other is to aggregate multiple 1/2-port SRS resources(Alt2). If Alt1 is supported, muted one port of 4-port SRS resource should be determined. If Alt2 is supported, multi-resource aggregation can be achieved via higher-layer signaling but there are several remaining issues. For example, SRS transmission power described in TS 38.213 is based on single SRS transmission occasion, so there should be further consideration if multiple TDMed SRS resources are aggregated for 3-port SRS transmission. In addition, per port power split for the aggregated multiple SRS resources should also be investigated. In our view, Alt1 is more simple and straight-forward solution. There are currently three approaches supported to configure 4-port SRS resource in NR specification, 4 ports of the SRS resource are multiplexed in frequency domain (4 combs), 4 ports are multiplexed in code domain (4 cyclic shifts), and 4 ports are multiplexed in both frequency and code domain (2 combs + 2 cyclic shifts). Two options can be considered to reuse 4-port SRS resource for 3-port SRS transmission, the one is rule-based 3 of 4 ports determination for 3-port SRS transmission and the other is explicit NW signaling of port combination to determine 3 of 4 ports SRS determination for 3-port SRS transmission. In the former option, for example, lowest three port indexes of the 4-port SRS resource can be used for 3 Tx SRS transmission. The benefit of former option is simplicity and no signaling overhead. On the other hand, latter option can configure/indicate SRS resource-specific three port indexes of the 4-port SRS resource, which brings more flexibility in terms of multi-UE SRS scheduling.

Proposal 1. Support Alt1, i.e., reuse 4-port SRS resource to support 3-port SRS transmission.
· Further investigate pros and cons of implicit/explicit 3-port determination of the 4-port SRS resource for 3-port SRS transmission.

If 3-port SRS resource is specified, power split for each port of SRS and power scaling factor for PUSCH should be investigated for 3 Tx antenna UE. According to the current specification, UE splits a linear value of SRS transmission power equally across the configured antenna ports. If 3-port SRS resource reusing 4-port SRS resource (Alt1) is supported, the current UE behavior can also be applied without modification, e.g., UE splits SRS transmission power equally across 3 ports. However, for 3-port PUSCH transmission, it is a little tricky since PUSCH power scaling factor s for non-full power transmission is “the ratio of the number of antenna ports with a non-zero PUSCH transmission power to the maximum number of SRS ports supported by the UE in one SRS resource” in the current specification. Currently, candidate values of the maximum number of SRS ports per resource are {1, 2, 4} for non-8 Tx UE, so PUSCH power control scaling factor s does not work for 3 antenna UE. Simple solution could be to change the denominator of s as 3 when a 3 antenna UE reported the maximum uplink MIMO layers as 3, then the 3 antenna UE can split PUSCH power evenly per PUSCH port without any power loss in scaling.

Proposal 2. For 3-port SRS transmission with reusing a 4-port SRS resource, UE splits a linear SRS power equally across the configured three antenna ports of the 4-port SRS resource.
Proposal 3. For 3-port codebook-based PUSCH transmission, scale factor s should be the ratio of the number of antenna ports with a non-zero PUSCH transmission power to 3.

DMRS to PTRS association for 3 Tx antenna UE
For non-coherent uplink precoding by a 3 Tx UE, if the maximum number of PTRS ports is set to 2 ports for 3 layers transmission, DMRS 2 ports need 1 bit DCI field for DMRS-PTRS association but the remaining DMRS 1 port does not need 1 bit DCI field for DMRS-PTRS association. For example, the DMRS port corresponding to the layer that uses PUSCH antenna port 1000 or 1001, which are non-zero elements in the codebook (the layer to which the precoder with the first or second row of non-zero in the precoding matrix of the codebook is applied) shares PTRS port 0 and the DMRS port corresponding to the layer with PUSCH antenna port 1002 uses the remaining PTRS port 1 (i.e. the DMRS port corresponding to the layer with the precoder with the third row of non-zero in the precoding matrix of the codebook shares PTRS port 1).
And if the maximum number of PTRS ports is set to 1 port for 3 layers transmission, two ports from the three DMRS ports can be selected by predefined rule (for example, the 2 lowest DMRS port indexes), and then DCI 1 bit can indicate which of the two DMRS ports is associated with the PTRS port 0.

Proposal 4. Support single bit for PTRS-DMRS association indication when maximum 2 PTRS ports are configured in PTRS-UplinkConfig. 
· For 3 layer PUSCH,	one of the DMRS ports corresponding to the layers that use PUSCH antenna port 1000 or 1001 can be associated with the PTRS port 0 with DCI 1 bit and the DMRS port corresponding to the layer that use PUSCH antenna port 1002 is associated with the PTRS port 1.
Proposal 5. Support single bit for PTRS-DMRS association indication when maximum 1 PTRS port is configured in PTRS-UplinkConfig. 
· For 3 layer PUSCH, the two lowest DMRS port indexes of the three DMRS ports can be associated with the PTRS port 0 with DCI 1 bit.

3. Conclusion
In this contribution, we discussed on support for 3-antenna-port codebook based transmissions in Rel-19 MIMO. Based on the above discussion, we have following proposals:

Proposal 1. Support Alt1, i.e., reuse 4-port SRS resource to support 3-port SRS transmission.
· Further investigate pros and cons of implicit/explicit 3-port determination of the 4-port SRS resource for 3-port SRS transmission.
Proposal 2. For 3-port SRS transmission with reusing a 4-port SRS resource, UE splits a linear SRS power equally across the configured three antenna ports of the 4-port SRS resource.
Proposal 3. For 3-port codebook-based PUSCH transmission, scale factor s should be the ratio of the number of antenna ports with a non-zero PUSCH transmission power to 3.
Proposal 4. Support single bit for PTRS-DMRS association indication when maximum 2 PTRS ports are configured in PTRS-UplinkConfig. 
· For 3 layer PUSCH,	one of the DMRS ports corresponding to the layers that use PUSCH antenna port 1000 or 1001 can be associated with the PTRS port 0 with DCI 1 bit and the DMRS port corresponding to the layer that use PUSCH antenna port 1002 is associated with the PTRS port 1.
Proposal 5. Support single bit for PTRS-DMRS association indication when maximum 1 PTRS port is configured in PTRS-UplinkConfig. 
· For 3 layer PUSCH, the two lowest DMRS port indexes of the three DMRS ports can be associated with the PTRS port 0 with DCI 1 bit.
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