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1	Introduction
In the past RAN4 meeting cycles, RAN4 discussed how to support transparent Tx diversity in RAN4 requirement [1], however, not yet concluded in RAN4#95e with many aspects of details to be specified or clarified [2]. In last meeting (RAN4#96-e), companies further discussed the detailed requirement to support of transparent TxD, with the way forward approved as [7]. To complete the work to support transparent Tx diversity in Rel-16, we would like to provide our analysis and viewpoints in this contribution. 
2	Discussion on Transparent Tx Diversity
2.1 Background
In last RAN4 meeting, the approved way forward [7] listed the outstanding aspects which should be considered in the work to enable transparent TxD in Rel-16 requirement and corresponding test methods, as below.
	<From R4-2011768, WF on Rel-16 TxD>
Summing the Powers and Emissions: 
· RAN4 agree to define requirements for MOP and emission so that power is measured correctly for all implementations, including UE with transparent TxD:
· Use “requirements are defined as the sum of powers from both connectors”. 
· This shall be interpreted as: Measure the power and emissions per connector and then sum them up afterwards.
· RAN4 will clean-up all requirements related to summing the powers and emissions, including UL MIMO, UL full power transmission requirement. 
EVM Requirement for Transparent TxD:
· Background: 
· In RAN4#95e, RAN4 agree to define EVM for transparent TxD as: 
· 
· RAN4 further study new test method and EVM definition proposed in R4-2011519: 
· FFS whether or not to use new EVM definition to replace above definition.
· RAN4 agree the location in Specification to capture EVM definition for transparent TxD, as
· Annex F
Declaration for Default TX Connector 
· RAN4 further study the following options for declaration of default Tx connector:
· Option 1a: TE needs to detect all antenna connectors for ACK and NACK and any other expected response from UE
· Option 1b: TE needs to detect all declared TX antenna connectors for ACK and NACK and any other expected response from UE
· Option 2: UE declares which connector is primary TX connector from which ACK and NACK and any other expected response from UE is transmitted in all cases
· Option 2a: Per instructed as test mode, UE should keep its default connector (based on UE declaration) unchanged from which ACK and NACK and any other expected response from UE is transmitted in all test cases
· Option 3: Regardless of the above options, it should be clarified only tested Tx connector is used as 1Tx transmission.
UE Behavior under Conformance Testing 
· RAN4 further study the following options for UE behavior under conformance testing:
· Option 1a: UE will keep the tx diversity status unchanged in conformance testing.
· Option 1b: Test mode signalling is implemented to instruct UE to keep TX div status unchanged
· Option 2: TE will detect and sum for every power step and change in condition from all connector
Power splitting behavior
· RAN4 agree UE behaviour for power splitting as: 
· Option 1: Only allow equal power split between connectors
· Excludes 17+17+20 dBm implementations
· Excludes power control optimizations
· Option 1a: Per instructed as test mode, UE should keep equal power split between connectors in all cases. 
· Option 2: Allow any power split between connectors
MPR Requirement for Transparent TxD
· RAN4 agree MPR defined for TxD is applied to the total output power rather than at each antenna connector
Signaling for Transparent TxD
· Whether and how RAN4 introduce signalling for transparent TxD: 
· Option 1: Use ModifiedMPRbehavior bits to signal additional relaxations.
· Option 2: Introducing a new (capability) signalling for TxD
· Option 3: Introducing a new power class (e.g. PC2.5) for TxD
· Option 4: No need for TxD signalling
Applicability of Transparent TxD Requirement
· The applicability of the newly introduced test procedure (if any) and specific requirement (if any) for transparent TxD UE: 
· FFS whether or not applicable to UE implementation without transparent TxD
· Whether or not a UE implementation use transparent TxD 
· Follow capability signalled by UE if UE capability is introduced.
· Based on UE vendor declaration if UE capability is not introduced. 
· If requirements are embedded in to general requirements or distinguished in to TxD dedicated requirements is FFS
CDD-related Requirement
· For transparent TxD UE, necessity of CDD related requirements, e.g. requirement on TAE+CDD, is need to be further studied: 
· FFS the necessity of CDD related requirement, by considering: 
· Factors to determine the value of CDD in UE implementation
· Testability
· Other factors are not excluded. 



2.2 Cyclic Delay Diversity (CDD) related Requirement
Cyclic delay-diversity (CDD) is well recognized as an adaptation of the generalized delay diversity scheme to OFDM systems, which is an implementation scheme for transparent Tx diversity. With sending on each antenna a circularly shifted version of the same OFDM symbol in time domain, CDD turns the MIMO channel into a SIMO channel with enhanced frequency selectivity, and the subsequent frequency diversity may then be extracted by appropriate outer channel coding.
In academic papers, the relationship between the cyclic shift in time domain and the multiplication by a phase shift in frequency domain has been demonstrated, i.e., the received signal at k-th subcarrier in frequency domain can be written as:

where the equivalent SIMO channel matrix on the k-th tone, denoted as , is given by

where  with  dimension is the DFT of the impulse response evaluated on the k-th subcarrier for N-tone OFDM modulation, and is cyclic delay over m-th Tx antenna (). It can be observed that the equivalent channel’s frequency selectivity is much increased due to the phase-shifted version of channel fadings adding together. Theoretically, the cyclic shifting with  can provide the maximum Tx diversity, i.e., by assuming  for practical UE implementation, we have  and . However, it should be noted that the maximum diversity is achieved by minimizing the frequency correlation between adjacent tones, with the assistance of interleaver over tones and outer channel code to extract this frequency diversity. For the other extreme case, if the difference between cyclic shifting values is chosen to be small enough, the increased time-spread delay is not enough to provide extra frequency-selectivity compared with 1TX scheme, which will also result in limited performance improvement. 
Hence, by considering practical UE implementation, the performance of CDD scheme at least depends on factors including: the choice of delay difference  (correspondingly obtainable TX diversity), the impact of practical channel estimation at gNB, the channel correlation and the delay profile over two TX antennas. As one of the most important factor, the performance impact from the choice of cyclic shifting delay difference (by assuming  in simulation) can be demonstrated as below baseband performance figures in terms of throughput and BLER.
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With the above analysis into account, the following observation can be reached: 
Observation 1: The performance of CDD scheme at least depends on factors including: the choice of cyclic delay difference ∆m (correspondingly obtainable TX diversity), the impact of practical channel estimation at gNB, the channel correlation and the delay profile over two TX antennas. 
In previous meetings, some companies propose that RAN4 should specify the upper and lower bounds of transparent TxD, because the transparent TxD does not always play positive contribution by giving diversity, by with wrongly configured cyclic delay difference, the transparent TxD may not outperform the single Tx antenna transmission. With this into account, companies proposed the following CDD-related requirements: 
- Minimum allocation bandwidth of contiguous PRB for transparent TxD;
- Upper and lower bound of the sum of TAE+CDD for transparent TxD;
- Minimum number of Rx antenna. 
However, with the above analysis taken into account, the performance gain (or loss) by CDD-based scheme over single TX cannot be guaranteed by just specifying the above factors, but the impact of practical channel estimation at gNB, the channel correlation and the delay profile over two TX antennas also account. 
Observation 2: Even the following requirements are specified, CDD-based scheme can still not guarantee better performance than 1TX scheme baseline:  
- Minimum allocation bandwidth of contiguous PRB for transparent TxD;
- Upper and lower bound of the sum of TAE+CDD for transparent TxD;
- Minimum number of Rx antenna. 
Proposal 1: CDD-related requirement shall not be introduced. 
2.3 EVM Requirement for Transparent TxD
In last meeting, company propose that the previously agreed EVM definition () should be revisited [8, R4-2011519], because for transparent TxD scheme, the per-antenna TX noise values are added in power while the signals are added in phase. 
Particularly, as stated in [8], by assume gNB (or TE) being with unbiased linear MMSE receiver, and the equivalent channel H is invertible (which is achievable by the controllable gain from DUT to TE in the testing), the variance of the noise at the output of the receiver can be expressed as 

Observation 3: Based on the proposed port EVM and correspondingly analysis in [R4-2011519], the port EVM can reflect the level of TX signal quality for the received signal after linear unbiased MMSE receiver.   

One of the difficulties lies in this test methodology is: for transparent TxD, the equivalent precoding vector  is totally UE implementation-dependent, e.g., as analysed in previous section 2.2, if cyclic delay values are introduced in TX antenna ports, the phase shifting factor  will be introduced in the precoding vector . Because the value of is unknown to TE, the value of precoding vector  should be based on the channel estimation.  
In contribution [8], the defined port EVM can be further simplified if the TX noise at the two antenna connectors are totally independent, however, the assumption of independent is hard to be guaranteed by practical implementation. 
Observation 4: As long as the equivalent precoding vector w (in which the phase shifting factor shall be included for CDD-based scheme) can be estimated accurately, the proposed test method for port EVM is feasible. 

2.4 Expected UE Behaviours under Testing
Since the transparent TxD-based UE behaviour should be totally UE-independent, we see no reason to restrict UE should be also in transparent TxD mode, while the opportunities should be provided if UE identify that it is better to have 1-PA branch transmission than transparent TxD mode, e.g. Switching Tx Diversity (STD), it can be considered as unequal power splitting (0% vs 100%). Similarly, if both TX PAs are full-rated PA, then the feasibility should be provided if unequal power splitting is utilized, e.g. Pre-Rake Tx diversity (PRT), different Tx ports have different weights. Dynamic unequal power splitting will cause testability issues even with option 1 test method (requirements apply to a sum of both connectors).
To balance the testability and UE implementation flexibility, we agree with other company’s proposal on developing the function of “lock mode” for transparent TxD, just similar to “beam lock” developed for FR2. Furthermore, it is natural to have UE vendor claim a default Tx connector as companies proposed this in RAN5 before. In other words, for test cases e.g., DL baseband testing for UL as CSI feedback link, UE vendor can claim a default Tx connector to allow UE fallback to 1TX mode. 

Proposal 2: Per instructed, UE should keep its Tx diversity status unchanged during the conformance tests, in terms of
· (1) 2TX diversity mode or 1TX mode; 
· (2) If 2TX diversity mode is applicable, equal power splitting can be locked
· (3) If 1TX mode is applicable, one default Tx connector can be claimed by UE vendors. 

5 Conclusion
In this paper, we provided our views on the outstanding aspects which should be considered in the work to enable transparent TxD in Rel-16 requirement and corresponding test methods, with following observations and proposals:
Observation 1: The performance of CDD scheme at least depends on factors including: the choice of cyclic delay difference ∆m (correspondingly obtainable TX diversity), the impact of practical channel estimation at gNB, the channel correlation and the delay profile over two TX antennas. 
[bookmark: _GoBack]Observation 2: Even the following requirements are specified, CDD-based scheme can still not guarantee better performance than 1TX scheme baseline:  
- Minimum allocation bandwidth of contiguous PRB for transparent TxD;
- Upper and lower bound of the sum of TAE+CDD for transparent TxD;
- Minimum number of Rx antenna. 
Proposal 1: CDD-related requirement shall not be introduced. 
Observation 3: Based on the proposed port EVM and correspondingly analysis in [R4-2011519], the port EVM can reflect the level of TX signal quality for the received signal after linear unbiased MMSE receiver.   
Observation 4: As long as the equivalent precoding vector w (in which the phase shifting factor shall be included for CDD-based scheme) can be estimated accurately, the proposed test method for port EVM is feasible. 
Proposal 2: Per instructed, UE should keep its Tx diversity status unchanged during the conformance tests, in terms of
· (1) 2TX diversity mode or 1TX mode; 
· (2) If 2TX diversity mode is applicable, equal power splitting can be locked
· (3) If 1TX mode is applicable, one default Tx connector can be claimed by UE vendors. 
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