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1.	Introduction
TX diversity discussion has been ongoing for few meeting in respect to Rel-15 and it has been mentioned numerous times that eMIMO will enable tx diversity for Rel-16. This paper discusses configurations for eMIMO FP UL MIMO and how eMIMO might not still enable transparent tx diversity as intended in rel-15 discussion. Section 3 discusses technical issues related to transparent tx diversity and also related to rank-1 transmissions with precoder [1 1]T.   
2. 	Discussion modes and their relation to diversity
2.1	Configuring UE for multiple port transmissions
FP MIMO by name means it deals how to enable UE to transmit full power when configured for more than one port transmissions hence the name MIMO. There are precoders included where only one port is transmitting but to be clear here, when UE is assigned precoder [1 0], it means UE was configured for two port transmissions by assigning more than one SRS port but precoder assigned the transmission to single logical port. Method to configure number of UE transmission ports happens through configuring ports in SRS resources. The corresponding RAN1 language for mode 1:  -    if ULFPTx in PUSCH-Config is provided and codebookSubset in PUSCH-Config is set to nonCoherent or partialAndNonCoherent, the UE scales  by  where: 
-    if ULFPTxModes in PUSCH-Config is set to Mode1, and each SRS resource in the SRS-ResourceSet with usage set to 'codebook' has more than one SRS port',  is the ratio of a number of antenna ports with non-zero PUSCH transmission power over the maximum number of SRS ports supported by the UE in one SRS resource

Mode 2 and mode 0 language can be found from TS 38.213. 
Observation 1: Configuring UE transmission ports are set by configuring number SRS resource ports
Observation 2: Configuring transmissions to one or more ports when number of configured SRS ports is > 1 is done by assigning TMPIs 
In this context we will call tx diversity same as Transmit Antenna port Virtualization (TAV). This means that logical antenna port mapping to antenna connector is not 1 to 1 any more but when UE is configured for single SRS port but transmission may com out two connectors or when UE is configured for two SRS ports but UE is assigned a precoder [1 0] or [0 1], the transmission may come out of two connectors. In this context, when precoder [1 1] is assigned for rank-1 transmission, we will not assume it is called tx diversity or TAV but merely a rank-1 transmission with TMPI [1 1].

2.2	Applicable cases for TX diversity/TAV
When UE configured for single antenna port by configuring SRS resource ports to one, FP UL MIMO configurations i.e. modes, are not valid anymore and UE is expected to meet requirements in TS 38.101-1 general section. 
Observation 3: When UE is configured for single port transmissions by setting number of SRS port to 1, general requirements apply 
For mode 2 with PA capability 3, TAV is not necessarily needed and UE can map logical antenna ports to connector directly. We made a chart for possible implementations shown in Figure 1. “p” stands for logical port and “c” for antenna connector. Without TAV, p1 maps to c1 and p2 to c2. 
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Figure 1. Mode 0 description with PA capability 1 and mode 1 and mode 2 description with PA capability 3
In Figure 1, mode 0 is shown for reference and it assumes all PA’s are full power capable. For mode 1 and 2, without TAV, UE would declare full power capability for mode 1 since full power is achieved by backing off the full power PA, and for mode 2 TPMI [1 0]T since p1/c1 pair has full power PA but not for [0 1]T. We can note that existing Rel-15 UE implementation assumptions can be used to fulfil WI objectives and RAN4 do not need to go through pain of defining tx diversity or TAV requirements.     
Observation 4: WI targets can be met without specifying tx diversity by defining RAN4 requirements only for PA capability 1 and 3.
For PA capability 2, where none of the PA’s have full power capability, the equivalent chart is shown in Figure 2. 
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Figure 2. Mode 1 and mode 2 for PA capability 2
In Figure 2, UE can transmit with full power on mode 1 since precoder [1 1] enables both PA’s and sum of power is rated power class power. Requirements and testing can be made by re-using rel-15 UL MIMO requirements but only changing the configurations to describe applicable UE capabilities and TPMI’s. 
If PA capability 2 UE wants to declare full power capability for mode 2, then TAV needs to be specified so that transmission may come out of one or more antenna connectors even transmission was configured for one port through TMPI. 
Observation 5: PA capability 2 with mode 2 is only case when TAV needs to be enabled in specification
2.3	How to specify TAV
As discussed in section 2.2, for PA capability 3 case no new requirements are necessary needed and Rel-15 UL MIMO requirements may need to be re-used. However, the emission requirements must be changed to be summed as was agreed [1] issue 2-3-2. We have provided more details on this in Section 3. 
For PA capability 2 mode 2, the requirements must be written similarly as for transparent tx diversity where power and emissions should be summed from every active tx connector. There are some open issues for that from RAN5 and we provide more discussion on TAV/tx diversity requirements in section 3. How and where to put these requirements needs to be discussed. Relying on general requirements may not be possible since they assume single SRS port configuration so at least new place should be created but if RAN4 agrees to specify tx diversity in general requirements, then alternatively this mode can refer to general requirements but with the notation that UE is configured for two SRS ports and assigned a specific TPMI. 
Since we are close to WI end, to save time:
Proposal 1: To enable WI completion in time, we propose not to specify TAV for FP UL MIMO i.e. preclude PA capability 2 in mode 2. 
3	Discussion on technical issues on enabling tx diversity
This section is copy from [2] and discusses if TAV is specified, what are the technical challenges. This copy is since it was requested by some companies to treat Rel-15 and Rel-16 tx diversity in separate agendas but technical issues are the same. 
3.1	LS from RAN5
In last meeting, LS reply from Ran5 [3] was not discussed. The background for LS was that TE vendors had concerns on the CR [4] that would have enabled tx diversity in RAN4#92 in transparent manner and LS [5] to RAN5 was sent asking for guidance instead of agreeing the change. LS reply [3] from RAN5 brings up numerous issues regarding testability of this feature which should be addressed before agreeing spec changes in RAN4.   
Proposal 2: Technical issues in LS [3] are addressed before agreeing CRs for TAV
3.2	Summing the power and emissions
The RAN4 CR’s [4,6,7,8] use the language “measured as sum of each antenna port”. This wording specifies test procedure and since LS [3] brings up issues with testability and summing of signals, it maybe better to keep RAN4 specification language in a level that defines requirements and leaves test procedures to RAN5. Practical problem with summing the signals is that it may cause the power test to fail if the summation is done with such phase shift that the signals cancel each other. This was discussed in [9] where allowable diversity scheme may impact the output power result. To overcome this issue, TE should implement adjustable phase shifter in one or both branches and sweep the phase difference and then consider the best result as the correct one. This is rather complicated procedure. 
For UE design, phenomena such as reverse IMD come in to play with summing since the signals may couple through the combiner if directivity is finite. To accommodate this impairment, there may need to be new MPR as proposed in [10]. 
Alternative wording maybe “requirements are defined for a sum of all antenna connectors” so this leaves freedom to RAN5 to come up with the exact procedure. 
Observation 6: Instead of using language “measured as sum of each antenna connector” better language would be to refer to requirements being valid to a sum of both connectors
Testing sequentially and summing the result may work better for output power but for emissions there is an issue with any relative quantity. If UE implements diversity scheme which results in non-equal power split between connectors, UE may fail ACLR in one connector but still pass the core requirement. The requirement is for UE and states that the total leaked power to adjacent channel must be below the total own channel power. So even if lower power Tx branch fails relative emission test, the UE may pass. Some kind of absolute power measurement per connector is needed and then those powers need to summed individually for own and adjacent channels and result determined from summed power levels. How to word this in the RAN4 requirements is still open. 
Observation 7: How to write a requirement for ACLR for 2 Tx UE’s in RAN4 is not clear 
3.2	Testing sequentially transmit signal quality
For EVM, the summation has challenges as discussed previously. The two signals summed need to be phase shifted for correct phase to get a good result. Testing each connector has the same problem than ACLR with possibly un equal power distribution and also contribution of TE noise maybe a problem which impacts the result. On possibility is to agree that only connector with power 30 dB within the power of the connector with largest output power are included. Them the EVM result need to be power weighted as shown in [11]:

This or similar formula should be added to the Annex F of 38.101-1 among other needed changes. 
Observation 8: EVM calculation method for 2Tx UE’s when tested from each connector will need carefull updates in RAN4 specifications
3.3 	Other technical issues in LS reply
LS [5] also raises concerns on RX tests saying it maybe too much burden for TE to check all TX ports especially for time critical tests. For this, there may need to be a declaration of  “default tx connector” in RAN5. 
Also, the number of possible TX ports was a big issue and for eMIMO there is already an agreement that maximum two ports are considered and that should be carried over to general tx diversity discussion. 
Conclusion
We discussed eMIMO FP UL  MIMO details from tx diversity / Transmit antenna virtualization point of view and made the following observations.
Observation 1: Configuring UE transmission ports are set by configuring number SRS resource ports
Observation 2: Configuring transmissions to one or more ports when number of configured SRS ports is > 1 is done by assigning TMPIs 
Observation 3: When UE is configured for single port transmissions by setting number of SRS port to 1, general requirements apply 
Observation 4: WI targets can be met without specifying tx diversity by defining RAN4 requirements only for PA capability 1 and 3.
Observation 5: PA capability 2 with mode 2 is only case when TAV needs to be enabled in specification
And we made one proposal
Proposal 1: To enable WI completion in time, we propose not to specify TAV for FP UL MIMO i.e. preclude PA capability 2 in mode 2. 
We also discussed tx diversity requirements and made the following observations:
Observation 6: Instead of using language “measured as sum of each antenna connector” better language would be to refer to requirements being valid to a sum of both connectors
Observation 7: How to write a requirement for ACLR for 2 Tx UE’s in RAN4 is not clear 
Observation 8: EVM calculation method for 2Tx UE’s when tested from each connector will need carefull updates in RAN4 specifications
And made the proposal to enable proper work order
Proposal 2: Technical issues in LS [3] are addressed before agreeing CRs for TAV
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