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1.	Introduction
Discussion about TX diversity application to rel-15 did not conclude in RAN4#94-Bis-e. The approved WF [15] only concluded to continue discussions. Our view on the applicable release is clear, it should be left out of Rel-15 and this paper discusses technical aspects for Rel-16.    
2	Discussion 
3.1	LS from RAN5
In last meeting, LS reply to Ran5 LS [8] was not sent. The background for LS was that TE vendors had concerns on the CR [9] that would have enabled tx diversity in RAN4#92 in transparent manner and LS [10] to RAN5 was sent asking for guidance instead of agreeing the change. LS reply [8] from RAN5 brings up numerous issues regarding testability of this feature which should be addressed before agreeing spec changes in RAN4 or sending LS back to RAN5.   
Proposal 1: Technical issues in LS [5] are addressed before agreeing any RAN4 spec changes or sending LS back to RAN5
3.2	Summing the power and emissions
The RAN4 CR’s [4,7,9,11] use the language “measured as sum of each antenna port”. This wording specifies test procedure and since LS [5] 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 [12] 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 [13]. 
Alternative wording better suited for ran4 language maybe “requirements are defined for a sum of all antenna connectors” so this leaves freedom to RAN5 to come up with the exact procedure. 
Proposal 2: 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
3.3	ACLR requirement
Testing sequentially and summing the result may work better for absolute power but there is an issue with any relative quantity such as ACLR or EVM. 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 requirement for UE. The requirement 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. Absolute power measurement per connector is needed and then those powers need to sum individually for own and adjacent channels and result determined from summed power levels. Mathematically it would mean this:
ACLRUE = (PADJ, TX1 + PADJ, TX2) / (POWN, TX1 + POWN, TX2)
PADJ, TX1 = power of the adjacent channel on TX port 1
POWN, TX1 = power of own channel on TX port 1
And TX2 similarly. 
Proposal 3: ACLR for tx diversity UE is defined by relation between of sum of powers for own channel and sum of powers for adjacent channels.
3.4	EVM
For EVM, the summation has challenges as discussed previously but same approach as presented to ACLR may not work since the EVM is a vector quantity and how to sum two vector quantities would be ambiguous. Solution is to test EVM separately from each connector and then sum power weighted power weighted as shown in [14]:

This or similar formula should be added to the Annex F of 38.101-1 among other needed changes. 
Proposal 4: EVM is calculated by power weighted sum from both TX connectors 
3.5	BB testing
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 which may be a good idea. UE may decide to not to enable both TX’s in some cases so to ensure reliable testing, this is the connector UE always would transmit.
Proposal 5: UE implementing tx diversity will declare “default TX connector” that UE always transmits 
3.6 	UE behaviour
As mentioned in the previous section, UE may in some cases turn the other tx branch off. Discussion on applicable behaviour has not happened other than desire to generate power class 2 maximum power with two lower power capable PA’s. Our view is that single 26 dBm PA is superior in edge of cell cases but tx diversity has benefits in multipath environment and when target is to reliable transmit with higher SNR MCS’s. UE may turn of and on the other branch based on its own decision. For RAN4 and RAN5 conformance testing, this may create problems for example in relative power tolerance testing where an error may grow because UE turned on of off the other branch. One possibility to solve this problem is to define in RAN5 test procedures that UE shall disable transmit diversity for some tests or then similar function of “beam lock” as for FR2 will be developed. It is a signal from TE to UE to lock the beam but similarly same interface can be used to command UE not to change the tx diversity status.  
Proposal 6: UE will keep the tx diversity status unchanged in conformance testing. If a new signal is needed is FFS
3.7	Power splitting behaviour
Similarly, as in previous section, no discussion has happened on how the UE can split the power. Only that at maximum power level there are two 23 dBm tx chains. We have included in our proposals the possibility to non-equal power splitting in the UE since it is not explicitly precluded. It should be noted that when UE is configured for two SRS ports, RAN1 specification says that the power is split equally between antenna ports but for example, UE can implement 23 dBm PA and two 20 dBm PA’s and then virtualize the two 20 dBm PA’s to one logical antenna ports. RAN1 spend a lot of time enabling these kind of options and Ran4 should not preclude them.
Proposal 7: For transparent tx diversity, UE is allowed to split the power between tx connectors un-equally. 
3.8	On the work plan for transparent tx diversity
The above mentioned technical issues should be agreed and then proper implementation to the ran4 specification should be written. Our view is that there is a lot of work and numerous agreements to be done. It is mildly surprising that this discussion never happened with proper explanations and agreements during the Rel-15 NR work item. We did not provide a CR for transparent tx diversity in this meeting since we see that there are many agreements to be made before that can be written. It was also our proposal not to include tx diversity in rel-16 since it is very late in Rel-16 timeline therefore we would expect proponent of this technology would provide the big CR that captures all relevant changes. 
Conclusion
We discussed technical issues related to enabling transparent tx diversoity and made the following proposals:
Proposal 1: Technical issues in LS [5] are addressed before agreeing any RAN4 spec changes or sending LS back to RAN5
Proposal 2: 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
Proposal 3: ACLR for tx diversity UE is defined by relation between of sum of powers for own channel and sum of powers for adjacent channels.
Proposal 4: EVM is calculated by power weighted sum from both TX connectors 
Proposal 5: UE implementing tx diversity will declare “default TX connector” that UE always transmits 
Proposal 6: UE will keep the tx diversity status unchanged in conformance testing. If a new signal is needed is FFS
Proposal 7: For transparent tx diversity, UE is allowed to split the power between tx connectors un-equally. 
We also concluded that proponents of transparent tx diversity should provide conclusive explanations and CR for this feature.
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