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1.	Introduction
Tx diversity (TxD) is assumed in reference implementation in PC1.5 power class and PC3 for NR-U and also mode 2 for uplink full power transmission (ULFPTx). The generic requirements for TxD have not been completed even though the discussion has been ongoing for two releases now. 
In RAN4#97-e a WF [1] was agreed. That WF with previous agreements leaves three open items for TxD. In this paper we discuss and present solutions.    
2. 	Discussion
2.1	Capability
RAN5 has completed and is in the process of adding more features to the single Tx test descriptions and test configurations. RAN5 works in release agnostic way so it means they only have one test description for e.g. output power. If RAN4 were to change existing general requirements to accommodate UE’s with more than one active antenna connector such as was proposed in [2] or in [3] it would create a fork in accredited test setups since there would be the “old” way and the “new” way. This reason alone is enough to justify distinguishing the requirements for TxD UE’s from single TX UE’s. It should be noted that UE with TxD implementation is not same as UE with UL MIMO support since UE may implement TxD but not support UL MIMO. It seems unavoidable to create a new UE category or capability. 
Observation 1: UE with Tx Diversity from RAN4 specification viewpoint is new kind of UE
In addition to the RAN5 issues, there are proposals to define different MPR’s for UE with TxD [2] compared to the UE with single TX. This is an other reason to distinguish the TxD UE from single TX UE. 
Slightly less discussed issue is the method UE may use to improve sensitivity to the channel conditions such as LDD or S-CDD. Network may benefit from the knowledge if the UE implements TxD. More about this topic in section 2.3 but conclusion is that this aspect also justifies distinguishing UE’s with and without TxD and in order for that information to be available for network, a new capability is needed.
Proposal 1:  Define a new per band capability to declare if UE implements Tx diversity.  
It is our view that such a capability can be added to Rel-15 too but we have not confirmed it from RSN2 since our view is that Tx diversity is mainly needed for Rel-16 features as discussed in the introduction. 

2.2	EVM
The 2- receiver TE that is necessary to correctly evaluate 2L UL EVM [5] can be harnessed to yield more sophisticated EVM estimates for UEs employing Tx diversity. Specifically, the receiver symbols from the 2 Rx chains could be ‘cleverly combined’ (MRC for example) to better approximate the gNB receiver. The test methodology requires 2 cables (two high isolation wired channels) between the UE and TE to enable simultaneous measurement. Unfortunately, this setup suppresses an important real-world disadvantage of UEs that use Tx diversity, which is the impact of antenna coupling and reverse IMDs. This disadvantage does not apply to UEs that do not employ Tx diversity. In effect the wired set up would cherry pick some advantages of UEs that use Tx diversity but suppress accompanying problems. This aspect remains a major shortcoming of any scheme that uses high mutual isolation channels between UE and TE to improve reported EVM.
Observation 2: A set up that uses high isolation channels suppresses the reverse IMD mechanism for UEs that use Tx diversity.
One may argue that reverse IMDs are ignored for the 2-layer UL case also. The difference here is that there is never a situation where reverse IMDs afflict one type of UE but not another. i.e. the test set up’s suppression of reverse IMDs benefits all UEs equally. More sophisticated receivers for the Tx diversity case can be instituted in the TE if the test set up is designed to not include ‘high isolation channels’, for example by using an OTA test set up. 
Consequently, we feel there is no clear advantage to reversing the existing agreement to evaluate EVM for diversity UEs.
Observation 3: Retain the power weighted EVM construct of [4] for UEs with Tx diversity:

The power weighted method allows graceful treatment of UEs with arbitrary power split, and strong continuity with single layer non-diversity EVM procedure. The EVM calculated by the expression above remains relevant for link performance estimation because it provides a conservative lower bound for signal quality.
2.3	CDD handling 
S-CDD and LDD are methods to improve signal reliability over OTA link. Lets first discuss LDD where one fixed delay is introduced between the two signals. Same signal from two physically separated antennas will arrive at the receiver at different times. In Figure 1, if the X and Y differ by exact amount of the delay introduced to the transmitted signals, the signals will sum up. This is basis of analogue beamforming and can be used to benefit the link. But in order for this to work, the knowledge of the propagation delay between the antennas need to be known by the UE because the signals might also cancel each other at the intended receiver. 

 Figure 1. Diagram of the beamforming principle
If UE implements LDD, the phasing of the transmitted signals at the gNB receiver can either enhance the signal or cancel it. Worst situation is when UE is mobile and signal cancellation and enhancement varies over time giving an impression to the gNB receiver that pathloss for this UE varies constantly. 
S-CDD is another form of transmit diversity technique that is mildly more complicated. A cyclic delay is introduced in between the two transmissions. The principle is shown in Figure 2. 

Figure 2. S-CDD signal formation principle in time domain
Common to both techniques, gNB receiver receives both transmissions simultaneously. If gNB is two receiver architecture, it optimally combines each SC from its two receivers until it finds the best SNR for the combined signal. In the case gNB is single receiver, or in TE environment if the analogue combiner is used, the sum of these rotated and original signals can still cancel each other but if different phase due to common time delay is applied to each subcarrier, then the perfect cancellation only occurs for some subcarriers for a given channel conditions.   
Since the output of the each of the connectors is measured individually, the TE has the option to either analysing the signals individually or performing optimal combining. Measuring each connector separately, delay diversity, LDD or CDD has no impact on the result of UE tested performance in RAN4 conformance requirements. The cancelling or summing only comes in to play when signals are combined before demodulation.   
Observation 4: LDD or CDD has no impact on the result of UE’s tested performance in RAN4 context for Tx diversity 	
2.4	Next steps
If Ran4 can agree to conclude on the two open items, EVM according to the already agreed WF [4] and capability according to proposal in this paper, all open items are concluded and RAN4 can draft a CR to enable implementation of Tx diversity. We did not submit a CR this time, one example is [6] since we feel the exact structure is open and key question to some. In [6] we use new suffix but we RAN4 can agree to a capability, the requirements can be also distinguished by denoting “for UE which declares XX capability...”  so we are waiting for discussion and conclusion on this issue before drafting the CR.
Conclusion
In this paper we discussed the open issues for Tx diversity and made following observations:
Observation 1: UE with Tx Diversity from RAN4 specification viewpoint is new kind of UE
Observation 2: A set up that uses high isolation channels suppresses the reverse IMD mechanism for UEs that use Tx diversity.
Observation 3: Retain the power weighted EVM construct of [4] for UEs with Tx diversity:

Observation 4: LDD or CDD has no impact on the result of UE’s tested performance in RAN4 context for Tx diversity
And made one proposal. 
Proposal 1:  Define a new per band capability to declare if UE implements Tx diversity  
We also provided our view on the next steps with a conclusion that if RAN4 can agree on the EVM and capability and if there are conclusive views on the structure of the placement requirements in the specification, then Ran4 can proceed to draft a cat-B CR. 
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