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Background
In [1] it was demonstrated that the actual UE power capability as seen by gNB receiver for single-port transmissions different for 1TX- and 2TX-connector implementations, depends on e.g. correlation and CDD delay,
· it is not captured by adding the power from the TX connectors in a MOP test of a 2TX-connector implementation 
· further discussions if impact of different CDD delay (for example) could be assessed in conducted MOP verification with a TE reference receiver
The issues for TxD are similar for PC1.5 and some FP-mode implementations for single antenna-port transmissions.
In the meantimeThe RAN2 reply LS
Regarding the new per-band capability signaling in Rel-16 for FR1 UEs supporting transparent TxD, RAN2 can add the corresponding capability in corresponding specification (TS 38.331 and TS 38.306).
RAN2 has discussed whether to enable release-independent support of this new capability from Rel-15, and the following agreements have been achieved:
· RAN2 can support release independent capability of transparent TxD for Rel-15, by allowing early implementation of the Rel-16 CRs.
· It is possible to only apply the change for this new capability for PC2 UEs for Rel-15, but RAN2 would like to understand whether the Rel-16 capability signalling applies for all PCs, while Rel-15 capability signalling applies for just PC2 (as this difference in Rel-15 and Rel-16 capability might impact the signalling design)?
· RAN2 would also like to confirm whether this new capability has any dependencies with other capabilities that should be captured by RAN2 (since the capability is intended as release independent, RAN2 may need to capture such pre-requisites explicitly).
In this contribution, we address the last item of the RAN2 response along with a further discussion on the TxD capability. A draft Reply LS to [2] is attached below.
First we present simulation results for PUSCH, the observations are similar to those made for PUCCH in [1] (the power capability is no less important for PUCCH). 
If only a matter of allowing a UE implemented with two 23 dBm PAs indicate PC2 in the NR band capability and making sure it can pass the conformance tests for single-port transmissions, no matter the impact on the actual performance in the field, there is no need to introduce a [TxDiversity-r16] capability. The number of active TX connectors could be declared. However, then the actual UE power capability as seen in the field would be ambiguous. Notwithstanding, the advertised power class is used for PHR reporting regardless of the UE TX architecture.
[bookmark: _Hlk54348724]Actual UE power capability as seen at the gNB receiver
In the proposed CR for TxD [2], the power class is measured as 
For UE supporting Tx Diversity, the maximum output power as indicated by UE power class in Table 6.2.1-1is measured as the sum of the maximum output power from both UE antenna connectors.
the summation is not specified. The power per connection could be added without specifying how, which may not reflect the UE power capability in the field as estimated by a gNB receiver. 
As discussed in [1], one of the main issues with transparent TxD is possible signal cancellation with correlated inputs on the TX chains. The results in [3] show results on S-CDD performance but the assumption on the time alignment error and antenna correlation is unclear. Other contributions have shown that the output power for a UE advertising PC2 can be anywhere between PC3 and PC2 using transparent TxD without phase and timing alignement, the results also depends on the correlation. While recognising the virtue of transparent S-CDD for avoiding signal cancellation, the performance for small bandwidths (few RB at cell edge) is uncertain and will depend on the allocation within the bandwidth.
Next we show simulation results to display that the power capability as seen by the gNB receiver can vary substantially for transparent TxD with half-power PAs as compared to that of the 1TX with a full-power PA depending on the channel and CDD conditions.
Figure 1 below compares the performance where transparent TxD is used to single antenna port operation under various conditions for PUSCH transmissions. Similar results for PUCCH are available in [1]. A single full power PA is used for the single antenna port case, while TxD uses two half power PAs and CDD with varying amounts of CDD.  A 700 MHz TDL-C channel model with 30ns delay spread is used, where either the low or high correlation model is used.  Two gNB receive antennas are used.  The PUSCH occupies four PRBs and uses MCS0.  The left and right contain results where low and high correlation are used, respectively.  Because it is assumed that the UE cannot control the absolute phase between two Tx chains, when TxD is used, each PUSCH transmission has a uniformly distributed random phase from 0 to 360 degrees applied between the Tx chains. A detailed list of simulation parameters is given in the Appendix.
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[bookmark: _Ref67921106]Figure 1: Single Antenna and TxD Performance for PUSCH, with low correlation (left) and high correlation (right).

First, considering the case with low correlation in the upper left plot, it can be observed that TxD can provide similar performance to single antenna at high BLER and a notable gain at low BLER with a properly chosen CDD delay.  At 10% BLER, 0.2 dB gain and a 1.1 dB loss is observed from 20 sample and 2 sample CDD, respectively.  At 1% BLER, a gain of 2.9 is observed for the 20 sample shift, while there is a loss of 0.3 dB for a CDD shift of 2 samples.
The high correlation case on the right shows losses from the use of CDD at higher BLER, but some gains over single Tx at lower BLER.  At 10% BLER, there is a 1.0 or 4.8 dB loss for 2 Tx with a 20 or 2 sample CDD shift as compared to single Tx.  At 1% BLER, there is a 0.7 dB gain for the 20 sample shift, and a multiple dB loss for the 2 sample shift.
While the simulations here use the high correlation model, whether such models are reflective of realistic UE antenna configurations should be further discussed. However, if such highly correlated setups (which may e.g. occur with closely spaced antennas that have the same antenna pattern) are actually used in UEs, the performance impacts would be substantial and should be reflected in the verification of the conducted output power. Furthermore, there is potential notable gain from transparent TxD over single antenna operation in uncorrelated conditions. Capturing such notable gains in UEs indicating transparent TxD capability may also justify appropriate tests configurations.
In summary, and similar to the observations in [1], we find that
Observation 1:
· Transparent TxD can be substantially worse than single antenna operation under severe conditions
· When the channel is highly correlated, transparent TxD can be multiple dB worse when an inappropriate amount of CDD delay is used for PUSCH transmission
· Transparent TxD is sensitive to proper choice of CDD delay even under conditions favorable to TxD
· Improper choice of CDD delay can result in roughly a dB loss for uncorrelated antennas
· Transparent TxD can provide notable gain over single antenna operation in conditions favorable to diversity
· Gains of roughly 1 dB can be observed with appropriate CDD delay and when frequency hopping is used with uncorrelated antennas.
and therefore propose that

Proposal 1: further discuss the relevant antenna and channel models and their impact as part of, and prior to, concluding on conformance testing methodologies and reference receivers for TxD with conducted measurements.

Relation between the TxD capability and other multi-antenna features
RAN2 in its reply LS asks RAN4 to confirm any dependence between the new TxD capability and other capabilities:
· RAN2 would also like to confirm whether this new capability has any dependencies with other capabilities that should be captured by RAN2 (since the capability is intended as release independent, RAN2 may need to capture such pre-requisites explicitly).
Transparent TxD capability could be interdependent with a number of other multi-antenna related capabilities.  A first set of capabilities that come to mind is uplink full power modes.  

UEs that support full-power power operation are likely to be able to support transparent TxD, and the converse is also possible. For Mode 1 operation in a power class 3 UE depicted in Figure 2, full power is achieved by transmitting on either 2 layers (with TPMI = 0) or on a single layer by virtualization.  Mode 1 can virtualize DMRS ports in the same way as transparent TxD, although Mode 1 also uses multiple SRS ports that are not virtualized.  Similarly, full power Mode 2 can also achieve full power for single layer transmission using virtualization, but in this case the UE transmits a single SRS port that is virtualized in the same way as the DMRS.  Therefore, UEs that support virtualization in full power Mode 1 or 2 can have quite similar PA architectures as transparent TxD. 

[image: ]


Figure 2: FP Mode 1 operation


If a UE supports both transparent TxD and full power MIMO, it should be clear how the will UE behave when the UE is configured for full power MIMO.  If the requirements and/or tests differ between full power UL MIMO and transparent TxD, then the behavior of the UE can be different.  Since transparent TxD is not configurable, then the network would not know whether to expect the behavior from transparent TxD or from full power MIMO.  

Given the configurability and explicitly specified behavior of full power modes, supporting both full power operation and transparent TxD in a band appears redundant.

Observation 2: Given the support for a wide variety of PA architectures, full configurability, and specified behavior of full-power UL MIMO, additional support for a transparent TxD capability is redundant and may lead to potential behavior ambiguity where UEs support full power operation.  
the consequence of which is that
Proposal 2: UEs can support only one of full power capability and transparent TxD capability in a given band.
We remark that the Rel-15 behaviour applies if a full-power mode is not configured by the gNB. Then the UE has to meet Rel-15 behaviour.

UEs with multiple uplink antennas may also support transmission of SRS for DL CSI acquisition (SRS ‘antenna switching’).  If a UE that supports SRS antenna switching and transparent TxD is configured for e.g. 1T2R antenna switching, it should not virtualize the SRS, but instead transmit on each 'receive’ chain.  If a transparent TxD UE supports full power on both Tx chains, it will not need to virtualize to reach full power.  Furthermore, if the UE has one full power PA that switches between two ‘receive’ antennas during SRS switching, it again could transmit at full power. However, if the UE has half power Tx chains, it may not be able to deliver full power, and so could not support SRS antenna switching in a band where transparent TxD is supported.  Therefore, especially since PA power for transparent TxD is left to UE implementation, it is not clear if indicating that transparent TxD in a band precludes support for SRS antenna switching in that band or not.

Observation 3: A UE that supports 1T2R antenna switching SRS should have at least one full power PA, which is inconsistent with the half power assumption driving the transparent TxD design.
UEs with non-codebook based precoding virtualize transmit chains such that each SRS port corresponds to a layer that may be transmitted by the UE.  Therefore, if a UE is configured for two SRS ports in non-codebook based operation, it should transmit SRS such that either or both of the ports can be transmitted (according to SRI indicated to the UE).  Furthermore, UEs are required to transmit full power when one SRS port is indicated.   This means that when the UE transmits PUSCH on one port, it should transmit at full power such that the effective channel is the same for that port as when two ports are transmitted.  If the UE transmits one antenna port per Tx chain (as is needed to avoid higher PAPR), then this UE must have full power on each Tx chain.  
Observation 4: Non-codebook based UEs required full power PAs per Tx chain for power efficient operation, which is incompatible with the half power assumption driving the transparent TxD design.

Other UL multi-antenna features may have interrelationships with transparent TxD.  For example, UL full power Mode 2 can indicate full power transmission on one antenna port, which is again incompatible with a transparent TxD UE with half power PAs.
Moreover, presuming that UE capability signaling is independent between TxD and related capabilities, it is possible for the UE to indicate consistent capability by implementation. If the UE indicates both TxD and a given capability, then if that capability is configured, the UE will operate according to the configuration.   Since there is no configuration signaling for transparent TxD, the UE behavior and link performance should be completely unaffected by the transparent TxD capability.  If, on the other hand, a TxD capable UE behaves differently than a non-TxD capable UE when configured with another feature, then the combination of features should be precluded by UE capability.
Proposal 3: Except for full power UL MIMO, a TxD capable UE can indicate support for a feature only if UE behavior and performance for the feature is unaffected by TxD capability; otherwise the combination is precluded by specification.
Proposal 4: RAN4 to confirm which multi-antenna features have UE behavior and performance that is unaffected by TxD capability.
Single-port transmission with FP modes and compliance with 38.101-1
Passing the conformance test for MOP in 38.101-1 is not only an issue for TxD capable UEs, it may also be an issue for some configurations of full-power UL-MIMO capable UEs. In fall-back the following applies:

If UE is scheduled for single antenna-port PUSCH transmission by DCI format 0_0 or by DCI format 0_1 for single antenna port codebook based transmission, the requirements in clause 6.2.1 apply for the power class as indicated by the ue-PowerClass field in capability signalling.

When any MIMO UE is not configured with ul-FullPowerTransmission-r16 or in fallback (single antenna-port PUSCH transmission by DCI format 0_0 or by DCI format 0_1 for single antenna port codebook based transmission), the requirements in clause 6.2.1 apply for the power class as indicated by the ue-PowerClass field in capability signalling. However, if the UE does not use virtualization for single layer transmission, it transmits a layer on only one of its two Tx chains, and so only half of the power according to its power class. Such a UE indicating PC3 in ue-PowerClass (default) must therefore meet this per antenna connector in fallback, and so must be equipped with at least one 23 dBm PA. Such a configuration seems fundamentally different from transparent TxD, which relies on virtualization.  

Observation 5: according to the current Rel-16 version of the 38.101-1, a UE configured with full-power UL-MIMO must meet the power-class requirement per TX connector when DCI 0_0 or 0_1 with single-port is scheduled.

Is the TxD capability needed? 
Why not use the FP UL-MIMO modes to achieve full power using the two half-power PA assumption driving the transparent TxD design? The full-power UL-MIMO modes are devised to accommodate a wide variety of PA configurations and are configurable by the gNB.
Are there implementations with two TX chains supporting transparent TxD but not two-port UL-MIMO in a band? There is indeed additional BB complexity associated with two-port transmissions, but we nevertheless make the following 
Observation 6: why not use the full-power Mode 1 with two half-power PAs instead of the TxD capability?
For this TX configuration, the issues of compliance with MOP conformance test requirements for MOP are similar to those for TxD, but the full-power UL-MIMO modes are at least configurable.
At best the TxD capability would inform the gNB that the power capability may not be up to the advertised power class for the band, assuming that other multi-antenna features have UE behavior and performance that is unaffected by TxD capability.
Proposal
We make the following
Observation 1:
· Transparent TxD can be substantially worse than single antenna operation under severe conditions
· When the channel is highly correlated, transparent TxD can be multiple dB worse when an inappropriate amount of CDD delay is used for PUSCH transmission
· Transparent TxD is sensitive to proper choice of CDD delay even under conditions favorable to TxD
· Improper choice of CDD delay can result in roughly a dB loss for uncorrelated antennas
· Transparent TxD can provide notable gain over single antenna operation in conditions favorable to diversity
· Gains of roughly 1 dB can be observed with appropriate CDD delay and when frequency hopping is used with uncorrelated antennas.
Proposal 1: further discuss the relevant antenna and channel models and their impact as part of, and prior to, concluding on conformance testing methodologies and reference receivers for TxD with conducted measurements.

Observation 2: Given the support for a wide variety of PA architectures, full configurability, and specified behavior of full-power UL MIMO, additional support for a transparent TxD capability is redundant and may lead to potential behavior ambiguity where UEs support full power operation.  
the consequence of which is that
Proposal 2: UEs can support only one of full power capability and transparent TxD capability in a given band.
Observation 3: A UE that supports 1T2R antenna switching SRS should have at least one full power PA, which is inconsistent with the half power assumption driving the transparent TxD design.
Observation 4: Non-codebook based UEs required full power PAs per Tx chain for power efficient operation, which is incompatible with the half power assumption driving the transparent TxD design.
Proposal 3: Except for full power UL MIMO, a TxD capable UE can indicate support for a feature only if UE behavior and performance for the feature is unaffected by TxD capability; otherwise the combination is precluded by specification.
Proposal 4: RAN4 to confirm which multi-antenna features have UE behavior and performance that is unaffected by TxD capability.
Observation 5: according to the current Rel-16 version of the 38.101-1, a UE configured with full-power UL-MIMO must meet the power-class requirement per TX connector when DCI 0_0 or 0_1 with single-port is scheduled.

Observation 6: why not use the full-power Mode 1 with two half-power PAs instead of the TxD capability?
We propose that RAN2 informed on the dependencies between capabilities as per the LS below.
References
1.     R4-2105082, “Requirements for transparent TxD”, Ericsson
2.    R4-2103156, “CR for TS 38.101-1 Tx diversity requirements”, Huawei, HiSolicon, vivo, OPPO
3.    R4-2014849, “Further Discussion on the Support of Transparent Tx Diversity in Rel-16”, Samsung

Appendix: Simulation Assumptions
Table 1: Transparent TxD and Baseline Simulation Parameters for PUSCH

	System
	Carrier frequency 700MHz
15 kHz SCS
FDD
2*10 MHz BWP (2*52 PRBs)

	UE speed
	3kmph

	Payload
	MCS0

	Channel
	TDL-C (NLoS), 30ns delay spread, low or high correlation

	Antennas
	1T2R: PA transmitting at power class
2T2R (with CDD, 2 PAs transmitting at half the power of the power class)

	Diversity Technique
	CDD, with cyclic delays in units of Ts

	Frequency hopping
	Not Enabled

	Impairments
	None; non-ideal channel estimation used

	Number of DMRS
	2
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1. Overall Description:
RAN4 would like to thank RAN2 for its Reply LS LS to RAN4 on the capability of transparent TxD in R2-2104353. With regard to the RAN2 agreements achieved and the RAN2 question

· RAN2 would also like to confirm whether this new capability has any dependencies with other capabilities that should be captured by RAN2 (since the capability is intended as release independent, RAN2 may need to capture such pre-requisites explicitly).
RAN4 would like to provide the following guidance:

· UEs can support only one of full power capability and transparent TxD capability in a given band
while observing that
· except for full power UL MIMO, a TxD capable UE can indicate support for a feature only if UE behavior and performance for the feature is unaffected by TxD capability; otherwise the combination should be precluded by specification.
· non-codebook based UEs requires full power PAs per Tx chain for power efficient operation, which is incompatible with the half power assumption for a UE indicating the new capability
· a UE that supports 1T2R antenna switching SRS should have at least one full power PA, which is inconsistent with the half power assumption for a UE indicating the new capability 
RAN4 will further consider these observations and inform RAN2 on any possible dependencies between the new capability and other multi-antenna features.

.  

2. Actions:
To RAN1 group.
ACTION: RAN4 asks RAN2 to take the above into account.	

3. Date of Next RAN WG4 Meetings:
3GPPRAN4#100-e	
3GPPRAN4#101-bis-e	

image1.emf
-10 -8 -6 -4 -2 0 2 4 6 8 10

SNR [dB]

10

-2

10

-1

10

0

P

U

S

C

H

 

B

L

E

R

2Rx, 700 MHz 30ns TDL-C, 3 kmph, no FH, Low Corr.

No TxD

CCDshift=2

CDDshift=20


image2.emf
-10 -8 -6 -4 -2 0 2 4 6 8 10

SNR [dB]

10

-2

10

-1

10

0

P

U

S

C

H

 

B

L

E

R

2Rx, 700 MHz 30ns TDL-C, 3 kmph, no FH, High Corr.

No TxD

CCDshift=2

CDDshift=20


image3.png
PUSCH,

PUSCH, f?—

23 dBm noncoherent UE

) 20 D)
\\? dBm \X/
SRS, 1
20 O
dBm \T)
1

SRS

N‘
Pia=E{] hyth,*Z"|%)

= [[hythy =1

n.  Total: 23 dBm




