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Introduction
For a UE implementing transparent TxD, the power capability should be the same as that of 1TX connector implementation for the advertised power class (the ue-PowerClass field in the NR capability). However, the issue of correlated transmissions for 2TX has not been sufficiently analysed before concluding on the requirements of the endorsed CR [1].
In this contribution we show 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. This is particularly important as TxD is also the basis for PC1.5 and PC3 for NR-U operation.
In the worst case, the methods proposed in the endorsed CR may result in an uncertain power capability for “high power” fallback and one-port transmission, and increased MPR. We therefore propose to

Proposal 1: postpone the endorsed CR on TxD requirements.
The actual power capability in the field should reflected by the advertised power class regardless of the TX connector configuration.
We also ask if the TxD capability needed. What is its relation to full-power mode operation and other multi-antenna features? UEs that support full-power power operation are likely to be able to support transparent TxD, and the converse is also possible.
Signal cancellation with two TX antenna connectors
In the proposed CR for TxD [1], 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. An excerpt form [1] is contained in Appendix 1.
One of the main issues with transparent TxD is possible signal cancellation with correlated inputs on the TX chains. The results in [2] 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 PUCCH transmissions.  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 high or low correlation model is used.  Two gNB receive antennas are used.  The PUCCH is format 3, occupies two PRBs, and carries 22 bits CSI.  The upper plot contains results where frequency hopping is not used, while the lower has those with frequency hopping.  Because it is assumed that the UE cannot control the absolute phase between two Tx chains, when TxD is used, each PUCCH 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 Appendix 2.
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[bookmark: _Ref67921106]Figure 1: Single Antenna and TxD Performance for PUCCH, without FH (upper) and with FH (lower).

First, considering the case where frequency hopping is not used, the main determining factor on performance is the channel correlation.  When the channel is uncorrelated, the performance of single antenna and TxD is quite similar.  However, when the channel is highly correlated, the performance degrades, most dramatically for TxD.  Compared to uncorrelated transmission at 10% BLER, single antenna degrades by about 2.5 dB, while TxD degrades an additional 3.5 dB.  If 1% BLER is considered, the differences are greater still.
Next, considering the case where frequency hopping is used, high correlation still is the driving factor for the worst case operation, although this is mitigated by proper choice of CDD delay.  Furthermore, some diversity gain over single antenna port operation is possible in the uncorrelated channel.  The CDD curve without delay and the curve for single antenna port operation have quite similar performance in the uncorrelated case, while CDD with a 5 sample delay gains about 1 dB relative to these two cases.  The correlated results with single antenna and TxD with the 5 sample shift are another 2 dB or so worse than the corresponding uncorrelated results, and the TxD with a 0 sample shift is worse by 3.5 dB more.  
It may be observed that the performance with correlation and CDD with 0 sample shift is quite close for the frequency hopping and non-frequency hopping cases.  This is because the CDD delay becomes significant only when the PRBs occupied by the PUCCH are spread sufficiently over frequency.  Therefore, frequency hopping can be seen as a means to both increase the natural amount of diversity from delay spread in the channel as well as the amount of diversity from CDD.  A corollary is that it is important to choose the right amount of CDD to get good performance from transparent TxD: performance is lost even in uncorrelated channels if an incorrect CDD delay is selected.
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 in our understanding 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.
It is observed that RAN4 tests have historically not focused on PUCCH performance. While this is true, CSI on PUCCH has been found during the NR coverage study to be a potential bottleneck, and so PUCCH performance is certainly relevant to NR system operation.  Furthermore, while this should be verified, it is likely that PUSCH performance will have similar trends when the number of PRBs and frequency hopping configurations are similar to those used here for PUCCH.
From the above we observe 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 3.5 dB worse when frequency hopping is not used or an inappropriate amount of CDD delay is used.
· Transparent TxD can provide notable gain over single antenna operation under 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 2: 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.
MPR for transparent TxD
Any increase of the MPR allowed for TxD should also be considered in any comparison between single connector and TxD transmissions as seen at the gNB receiver. We make the obvious
Observation 2: a significant increase of MPR for TxD compared to full-power single-connector transmission could degrade the receiver performance of TxD, particularly important in the case of high correlation and inappropriate CDD delay.
if a larger backoff is applied. If operation is transparent then the gNB has to assume the largest MPR for any PC2 operation in the band. 
According to the WF [3], it was agreed that the same MPR requirement for TxD and UL MIMO should apply for the same power class. The endorsed CR [1] contains the following (‘Option 1’ in [3])
[image: ]
which would increase of the MPR by 0.5 dB for edge allocations compared to the 1 TX case, whereas the alternative option listed WF does not imply any increase for DFT-s-OFDM but a 1.5-2.5 dB increase for CP-OFDM (‘Option 2’ in [3]): 
[image: ]
The estimates are apparently crude (as stated by proponents) and based on the tighter unwanted emissions requirement implied for two-connector transmissions, but would imply significantly degraded performance of TxD as compared to single-connector transmission for the advertised power class. Now, for PC2 the tolerance is +2/-3 dB in general; the increased lower tolerance could absorb the 0.5 dB increase implied by ‘Option 1’ for the 2TX configuration above. 
If TxD is transparent, then the UE should meet the power capability of the advertised power class regardless of TX connector configuration:
Proposal 3: increased MPR for transparent TxD should not be specified in view of the sensitivity of the gNB receiver performance to channel correlation and the CDD delay for transparent TxD in the field.
Increased MPR is not allowed for full-power operation

For UE support uplink full power transmission (ULFPTx) for UL MIMO, the allowed MPR for the maximum output power in Table 6.2D.1-1 is specified in Table 6.2.2-1, and the requirements shall be met with the PUSCH configurations specified in Table 6.2D.1-3, based upon UE’s support of uplink full power transmission mode.

the current specification does not containing any MPR relaxation for the 2TX configuration (the same as for 1TX).
For PC1.5 the MPR is significant: for certain transmissions it is not obvious that the actual power capability exceeds that of single-connector PC2 for high correlation.
EVM requirements for TxD
It has been proposed to apply the EVM requirement to the antenna port [4]. The EVM thus applied is defined as the output of a zero-forcing receiver for the case in which the channel can be inverted. Using a zero-forcing (ZF) reference receiver for estimation of the TxD power capability (the wanted signal) is obviously not feasible, since the channel cannot be inverted using a single-layer DMRS.  
The discussion on EVM for UL-MIMO started with a discussion on the need for requirements on designing a UE with low cross talk between the branches for two-port transmissions. It was proposed that the UE should be verified only with single layer non-coherent precoders per layer that would not verify cross talk, claiming that the BS could eliminate cross talk. Non-linear cross talk e.g. coupling between output to input or reverse coupling between outputs cannot be eliminated by a conventional BS receiver, this has to be reduced by UE design. Now it is proposed to implement a reference ZF receiver in the TE for otherwise the UE cannot use virtualization with two TX connectors. Indeed, per-connector EVM measurements cannot be used for dual-layer UL-MIMO with virtualization to derive a per antenna-port EVM. Nevertheless, using conventional ZF and ignoring the non-linearities may still be acceptable in view of typical receivers, the non-linear cross talk must then be suppressed by UE design. Moreover, the background to the EVM requirements would be known.  
Is the ZF reference relevant for TxD with single antenna port transmission? For TxD the per antenna-port is defined as the output of the ZF receiver for which per antenna reference symbols are transmitted such that the channel can be inverted. According to the WF [3] the choice is between the EVM estimate of a test equipment receiver not capable of measuring the noise correlation r, ‘Option 3b’:

and ‘Option 1’

that is more heuristic, EVMreq denoting the EVM minimum requirement. These options could be compared to the DL definition for base stations with antenna connectors available


that would yield a more stringent requirement on the EVM per connector if applied also for the UL, and does not imply any particular reference receiver at the UE for the DL requirement. Now, the choice of EVM will also influence the MPR needed for the higher order modulation formats. If the TxD mode is implemented as one of the full-power modes instead, the EVM by the ZF receiver could be considered more relevant also for single-layer transmissions: 
Proposal 4: the EVM for TxD should be specified as 


that might be more relevant if “TxD” is implemented as one of the full power modes for rank-1 transmission. 
Relation to other multi-antenna features 
A new capability [TxDiversity-r16] has been proposed for Rel-16 UEs to indicate support TxD, hence no longer fully ‘transparent’ but still in the sense that the resulting antenna port should be indistinguishable from a port transmitted on a single Tx chain. Is the TxD capability needed and what is its relation to full-power mode operation and other multi-antenna features? 

Transparent TxD is also related to full-power mode operation. 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 1, 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 1: FP Mode 1 operation


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.  

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 appers redundant.

Observation 3: 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 5: UEs can support only one of full power capability and transparent TxD capability in a given band.

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.

Proposal 6: Clarify whether a UE that supports transparent TxD can have antenna switching SRS configured in the same band.
Other UL multi-antenna features may have interdependencies with transparent TxD.  
Proposal 7: Further consider the compatibility of uplink multi-antenna features with transparent TxD.

Proposal
We propose to
Proposal 1: postpone the endorsed CR on TxD requirements
and instead
Proposal 2: 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.
particularly important as TxD is also the basis for PC1.5 and PC3 for NR-U operation. This is based on
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 3.5 dB worse when frequency hopping is not used or an inappropriate amount of CDD delay is used.
· Transparent TxD can provide notable gain over single antenna operation under 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.
Regarding MPR for TxD
Observation 2: a singifiant increase of MPR for TxD compared to full-power single-connector transmission could degrade the receiver performance of TxD, particularly important in the case of high correlation and inappropriate CDD delay.
Proposal 3: increased MPR for transparent TxD should not be specified in view of the sensitivity of the gNB receiver performance to channel correlation and the CDD delay for transparent TxD in the field.
If TxD is transparent, then the UE should meet the power capability of the advertised power class regardless of TX connector configuration.
Proposal 4: the EVM for TxD should be specified as 


that might be more relevant if “TxD” is implemented as one of the full power modes for rank-1 transmission. .

Is the TxD capability needed and what is its relation to full-power mode operation and other multi-antenna features? 

Observation 3: 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 5: UEs can support only one of full power capability and transparent TxD capability in a given band.
Proposal 6: Clarify whether a UE that supports transparent TxD can have antenna switching SRS configured in the same band.
Proposal 7: Further consider the compatibility of uplink multi-antenna features with transparent TxD.
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Appendix 1: Excerpt form the endorsed CR
This appendix contains an excerpt from the endorsed CR [1].
[bookmark: _Toc45888667][bookmark: _Toc45888068][bookmark: _Toc37251266][bookmark: _Toc36107507][bookmark: _Toc29802765][bookmark: _Toc29802140][bookmark: _Toc29801716][bookmark: _Toc21344233][bookmark: _Toc29801717][bookmark: _Toc29802141][bookmark: _Toc29802766][bookmark: _Toc36107508][bookmark: _Toc37251267][bookmark: _Toc45888069][bookmark: _Toc45888668]6.2G	Transmitter power for Tx Diversity
6.2G.1	UE maximum output power for Tx Diversity
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 period of measurement shall be at least one sub frame (1 ms).
6.2G.2	UE maximum output power reduction for Tx Diversity
For UE supporting Tx diversity, the allowed MPR for the maximum output power in Table 6.2.1-1 is specified in [Table 6.2.2-1, Table 6.2.2-2a and Table 6.2.2-4] for UE power class 3, 2 and 1.5 respectively. The maximum output power is measured as the sum of the maximum output power at each UE antenna connector.
6.2G.3	UE additional maximum output power reduction for Tx Diversity
For UE supporting Tx diversity, the A-MPR values specified in clause 6.2.3 shall apply to the maximum output power specified in Table 6.2.1-1, and the maximum output power is measured as the sum of the maximum output power at each UE antenna connector. Unless stated otherwise, an A-MPR of 0 dB shall be used. 
6.2G.4	Configured transmitted power for Tx Diversity
For UE supporting Tx diversity, the transmitted power is configured per each UE.
The definitions of configured maximum output power PCMAX,c, the lower bound PCMAX_L,c, and the higher bound PCMAX_H,c specified in clause 6.2.4 shall apply to UE supporting Tx diverstidy, where
· -	PPowerClass, ΔPPowerClass and ∆TC,c are specified in clause 6.2.4 unless otherwise stated;
· -	MPRc is specified in clause 6.2G.2;
The measured configured maximum output power PUMAX,c for serving cell c shall be within the following bounds:
PCMAX_L,c  –  MAX{TL, T LOW(PCMAX_L,c)}  ≤  PUMAX,c  ≤  PCMAX_H,c  +  T HIGH(PCMAX_H,c)
where TLOW(PCMAX_L,c) and THIGH(PCMAX_H,c) are defined as the tolerance and applies to PCMAX_L,c and PCMAX_H,c separately, while TL is the absolute value of the lower tolerance in Table 6.2.1-1 for the applicable operating band.
For UE supporting Tx diversity, the tolerance is specified in Table 6.2G.4-1.
Table 6.2G.4-1: PCMAX,c tolerance for Tx Diverstiy
	PCMAX,c
(dBm)
	Tolerance
TLOW(PCMAX_L,c) (dB)
	Tolerance
THIGH(PCMAX_H,c) (dB)

	PCMAX,c = 26
	3.0
	2.0

	23 ≤ PCMAX,c < 26
	3.0
	2.0

	22 ≤ PCMAX,c < 23
	5.0
	2.0

	21 ≤ PCMAX,c < 22
	5.0
	3.0

	20 ≤ PCMAX,c < 21
	6.0
	4.0

	16 ≤ PCMAX,c < 20
	5.0

	11 ≤ PCMAX,c < 16
	6.0

	-40 ≤ PCMAX,c < 11
	7.0



<Next Change>
6.3G	Output power dynamics for Tx Diversity
6.3G.1	Minimum output power for Tx Diversity
For UE supporting Tx diversity, the minimum output power is defined as the sum of the mean power at each transmit connector in one sub-frame (1 ms). The minimum output power shall not exceed the values specified in Table 6.3.1-1.
[bookmark: _Toc21344288][bookmark: _Toc29801774][bookmark: _Toc29802198][bookmark: _Toc29802823][bookmark: _Toc36107565][bookmark: _Toc37251331][bookmark: _Toc45888162][bookmark: _Toc45888761]6.3G.2	Transmit OFF power for Tx Diversity
For UE supporting Tx diverstidy, the transmit OFF power is defined as the mean power at each transmit antenna connector in a duration of at least one sub-frame (1 ms) excluding any transient periods.
The transmit OFF power at each transmit antenna connector shall not exceed the values specified in Table 6.3.2-1.
[bookmark: _Toc21344289][bookmark: _Toc29801775][bookmark: _Toc29802199][bookmark: _Toc29802824][bookmark: _Toc36107566][bookmark: _Toc37251332][bookmark: _Toc45888163][bookmark: _Toc45888762]6.3G.3	Transmit ON/OFF time mask for Tx Diversity
For UE supporting Tx diversity, the ON/OFF time mask requirements in clause 6.3.3 apply at each transmit antenna connector.
[bookmark: _Toc29801785][bookmark: _Toc29802209][bookmark: _Toc29802834][bookmark: _Toc36107576][bookmark: _Toc37251342][bookmark: _Toc45888173][bookmark: _Toc45888772]6.3G.4	Power control for Tx Diversity
For UE supporting Tx diversity, the power control tolerance applies to the sum of output power at each transmit antenna connector.
<Next Change>
[bookmark: _Toc45888233][bookmark: _Toc45888832]6.4G	Transmit signal quality for Tx Diversity
[bookmark: _Toc21344344][bookmark: _Toc29801830][bookmark: _Toc29802254][bookmark: _Toc29802879][bookmark: _Toc36107621][bookmark: _Toc37251387]6.4G.1	Frequency error for Tx Diversity
[bookmark: _Toc21344345]For UE(s) supporting Tx diversity, the basic measurement interval of modulated carrier frequency is 1 UL slot.  The mean value of basic measurements of UE modulated carrier frequency at each transmit antenna connector shall be accurate to within ± 0.1 PPM observed over a period of 1 ms of cumulated measurement intervals compared to the carrier frequency received from the NR Node B.
[bookmark: _Toc29801831][bookmark: _Toc29802255][bookmark: _Toc29802880][bookmark: _Toc36107622][bookmark: _Toc37251388]6.4G.2	Transmit modulation quality for Tx Diversity
For UE supporting Tx diversity, the transmit modulation quality requirements are specified at each transmit antenna connector.
The transmit modulation quality is specified in terms of:
· -	Error Vector Magnitude (EVM) for the allocated resource blocks (RBs)
· -	EVM equalizer spectrum flatness derived from the equalizer coefficients generated by the EVM measurement process
· -	Carrier leakage (caused by IQ offset)
· -	In-band emissions for the non-allocated RB
In case the parameter 3300 or 3301 is reported from UE via txDirectCurrentLocation IE (as defined in TS 38.331 [7]), carrier leakage measurement requirement in clause 6.4D.2.2 and 6.4D.2.3 shall be waived, and the RF correction with regard to the carrier leakage and IQ image shall be omitted during the calculation of transmit modulation quality.
6.4G.2.1	Error Vector Magnitude
For UE supporting Tx diversity, the Error Vector Magnitude requirements specified in Table 6.4.2.1-1 which is defined in clause 6.4.2.1 apply at each transmit antenna connector. The total EVM requirement is derived based on the measurement at each antenna connector according to Annex F.8.
6.4G.2.2	Carrier leakage
For UE supporting Tx diversity, the Relative Carrier Leakage Power requirements specified in Table 6.4.2.2-1 which is defined in clause 6.4.2.2 apply at each transmit antenna connector. 
6.4G.2.3	In-band emissions
For UE supporting Tx diversity, the In-band Emission requirements specified in Table 6.4.2.3-1 which is defined in clause 6.4.2.3 apply at each transmit antenna connector. 
6.4G.2.4	EVM equalizer spectrum flatness for Tx Diversity
For UE supporting Tx diversity, the EVM Equalizer Spectrum Flatness requirements specified in Table 6.4.2.4-1 and Table 6.4.2.4-2 which are defined in clause 6.4.2.4 apply at each transmit antenna connector. 
<Next Change>
[bookmark: _Toc45888271][bookmark: _Toc45888870]6.5G	Output RF spectrum emissions for Tx Diversity
[bookmark: _Toc21344420][bookmark: _Toc29801907][bookmark: _Toc29802331][bookmark: _Toc29802956][bookmark: _Toc36107698][bookmark: _Toc37251472][bookmark: _Toc21344349][bookmark: _Toc29801835][bookmark: _Toc29802259][bookmark: _Toc29802884][bookmark: _Toc36107626][bookmark: _Toc37251392][bookmark: _Toc45888272][bookmark: _Toc45888871]6.5G.1	Occupied bandwidth for Tx Diversity
For UE supporting Tx diversity, the requirements for occupied bandwidth apply to the transmitted spectrum as measured as the sum of the power from all UE transmit antenna connectors. The occupied bandwidth is defined as the bandwidth containing 99 % of the total integrated mean power of the transmitted spectrum on the assigned channel at each transmit antenna connector.
[bookmark: _Toc21344421][bookmark: _Toc29801908][bookmark: _Toc29802332][bookmark: _Toc29802957][bookmark: _Toc36107699][bookmark: _Toc37251473]6.5G.2	Out of band emission for Tx Diversity
For UE supporting Tx diversity, the requirements for Out of band emissions resulting from the modulation process and non-linearity in the transmitters apply to the sum of the emissions from all UE transmit antenna connectors.
If UE indicates IE [TxDiversity-r16], Adjacent Channel Leakage power Ratio (ACLR) is defined as the ratio of sum of the filtered mean power at each antenna connector centred on the assigned channel frequency to sum of the filtered mean power at each antenna connector centred on an adjacent channel frequency.
[bookmark: _Toc21344422][bookmark: _Toc29801909][bookmark: _Toc29802333][bookmark: _Toc29802958][bookmark: _Toc36107700][bookmark: _Toc37251474]6.5G.3	Spurious emission for Tx Diversity
For UE supporting Tx diversity, the requirements for Spurious emissions which are caused by unwanted transmitter effects such as harmonics emission, parasitic emissions, intermodulation products and frequency conversion products apply to the sum of the emissions from all UE transmit antenna connectors.
[bookmark: _Toc21344423][bookmark: _Toc29801910][bookmark: _Toc29802334][bookmark: _Toc29802959][bookmark: _Toc36107701][bookmark: _Toc37251475]6.5G.4	Transmit intermodulation for Tx Diversity
For UE supporting Tx diversity, the transmit intermodulation requirements are specified at each transmit antenna connector and the wanted signal is defined as the sum of output power from all UE transmit antenna connectors.
<Next Change>
[bookmark: _Toc45889177][bookmark: _Toc45888578][bookmark: _Toc37251639][bookmark: _Toc36107865][bookmark: _Toc29803123][bookmark: _Toc29802498][bookmark: _Toc29802074][bookmark: _Toc21344586]F.8	EVM measurement for dual Tx
For UE with dual transmission antennas, if UE indicates IE [TxDiversity-r16], EVM is measured at each antenna connector to get EVM1 and EVM2, and the total EVM is calculated by values of EVM1 and EVM2 with weighting factor of linear power at each antenna connector.
]
<End of Change>


Appendix 2: Simulation Assumptions
Table 1: Transparent TxD and Baseline Simulation Parameters

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

	UE speed
	3kmph

	Payload
	22 bits on 2 PRB, 14 Symbols 

	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
	Enabled or Not Enabled

	Impairments
	None; non-ideal channel estimation used

	Number of DMRS
	Additional DMRS (PUCCH Format 3)
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Table 6.

-2a Maximum power reduction (MPR) for power class 2 with dual Tx

Modulation MPR (dB)
Edge RB allocations | Outer RB allocations

Pil2 BPSK [=35] =051
QPSK =4 E1
16 QAM =4 =21

OFDM 64 QAM =4 [£25]

256 QAM =45
QPSK =41 [£3] 1.5
16 QAM [£4] [=3] [£2]

CP-OFDM ™54 gAm =4
256 QAM [£6.5]

NOTE 1:_The MPR is applied fo the sum of the output power at each fransmit antenna connector.
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Table 6.2D.2-2 Maximum power reduction (MPR) for power class 2 for UL MIMO

Wodulation MPR (dB)
Edge RB allocations | Outer RB allocations | Inner RB allocations
QPSK <635 <453 <316
CP-OFDM |16 QAM <635 <453 <352
64 QAM <35
256 QAM <65





image5.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




