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1.	Introduction
Discussion about TX diversity and it is impact to ran4 specification took place is RAN#87e without any agreements or guidance for RAN4. It is unfortunate since this discussion has been ongoing in RAN4 for some time seems to occupy much of the capacity of RAN4. One possible reason for prolonged discussions is that 2 Tx port device is new to RAN4 and some of the earlier agreements leave room for interpretation and even the LS from RAN1 [1] is somewhat unclear unless reader knows the background. Issue is further complicated since some companies wish to enable this kind of device and allow relaxations for UE capabilities but not properly recognise it in requirements which is fuelled by RAN1 agreement of “transparency” and different understanding how that carries to RAN4. We still find it strange that only certain specification changes will be made to support tx div implementations but not the ones that would allow such device to pass conformance. In this paper we first discuss work plan aspects for enabling tx diversity implementations and later technical issues that need to be solved regardless of Release tx div is enabled.   
2. 	Discussion on background and scope
2.1	Conflict in previous agreements
WF [2] is referred numerous times but still first WF [5] and later WF [3] was agreed 19 months after extensive discussion. The first one says 2 x 23 dBm device is PC2 for UL MIMO and but in order to declare UE a PC2, it must be able to produce 26 dBm regardless of port configuration. This small detail is quite obvious to many but it maybe good to clarify this with an explicit agreement. 
Proposal 1: UE that declares PC2 as its power has to be able to produce 26 dBm regardless how many ports is has been configured for.  
Later approved two WF’s [3,5] exclude tx diversity from RAN4 which would be needed for UE that only has two 23 dBm PA’s to produce 26 dBm for single port configuration.
Observation 1: Two way forwards R4-1803259 and R4-1913067 are conflicting. 
Conflict between agreement is not a problem itself but usually we have understood that the conflict is intentional and later agreements supersede earlier agreements. Our understanding of the [3] was that this would put an end to the discussion since it was a conclusion of very long discussion. Still some companies feel that clarification that enable such implementation are needed. This may come from the other part of [3] that states: “Clarification on UE behavior for EN-DC mode when UE with 2 23dBm PAs declare PC2 in NR SA operation”. In our view, the clarification needed is below in the same WF, in order for UE with 2 23dBm PAs declare PC2 in NR SA operation, UE needs to implement tx diversity but later sentence rules tx diversity behaviour from Rel-15. This can be interpreted only so that the clarification then should be made to Rel-16 specifications. Same can be concluded for UL MIMO power class and EN-DC power class issue.  
Observation 2: Later WF [3] guides RAN4 not to specify tx diversity behaviour or any clarifications because of tx diversity implementation in Rel-15 specifications
2.2	Issues involved in the tx diversity discussion
It should be recognised that any issue where 2x23 dBm configuration is discussed, involves tx diversity if assumption is that UE is able to produce 26 dBm regardless port configurations (proposal 1 in this paper). What issues are being discussed are the following:
Tx diversity – When UE implements PA’s of which none can support rated power class in single port configuration but by combining power from two TX chain, results into higher power class
UL MIMO – if UE has two 23 dBm PA’s and supports UL MIMO, it indeed can provide 26 dBm when two ports are configured but only 23 dBm if one port is configured unless it implements tx diversity.
EN-DC – If UE has two 23 dBm PA’s which both are involved in EN-DC configuration, the maximum combined power can reach 26 dBm. If both of the PA’s were involved in producing 26 dBm in NR SA by means of tx diversity, UE can no longer do that when configured for EN-DC. This is also the case if UE has multi band PA module that supports for example bands n3 and n41 and UE uses that module as part of tx diversity in n41 with additional satellite PA hence this issue concerns also inter-band EN-DC, not only intra-band EN-DC.  
It is not a good practice to allow relaxations or any specification changes due to a UE implementation type if not all issues because of this type of implementation are addressed. If for example one of the issues is addressed but not all there will be problems and further ambiguities in subsequent work items since mutual understanding of assumptions behind written specification is lost.  
Proposal 2: RAN4 considers collective handling of issues due to tx diversity implementation  
2.3	Solutions on rel-15 UE behaviour
For UE that only implements 23 dBm PA’s:
If tx diversity is specified for example in a manner presented in [4]
Tx diversity – This is not an issue and power class is according to single port capability and TE sums the power    
UL MIMO – This kind of UE can declare PC2 if it implements tx diversity and can produce 26 dBm when configured for single port transmissions
EN-DC – If UE wants to implement tx diversity and only use 23 dBm PA’s and declare PC2 for EN-DC and PC2 for NR SA, it needs to implement three PA’s, one pair for NR and one additional PA for LTE   
If RAN4 agrees to respect WF [3] and not specify tx diversity
Tx diversity – This is not an issue and power class is according to single connector capability    
UL MIMO – This kind of UE declares PC3 since it is unable to produce 26 dBm when configured for single port transmissions
EN-DC – This kind of UE declares PC2 or PC3 for EN-DC but PC3 NR SA since it can not produce 26 dBm on NS SA
Observation 3: Solutions to all problems exist but RAN4 needs to decide if tx diversity is specified or not. 
There are technical issues related to tx diversity that need to be addressed regardless of release it is implemented. 
3	Discussion on technical issues on enabling tx diversity
3.1	LS from RAN5
In last meeting, LS reply from Ran5 [8] was not discussed. 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.   
Proposal 3: Technical issues in LS [5] are addressed before agreeing any RAN4 spec changes
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 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 4: 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 5: 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 [14]:

This or similar formula should be added to the Annex F of 38.101-1 among other needed changes. 
Observation 6: 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. 
Proposal 4: RAN4 considerers maximum two TX ports for UE up to release 16
4	Discussion on timeline impact of Rel-15
4.1	Tx diversity as specification transparent feature
If tx diversity is introduced as transparent feature, the solutions for issues discussed in section 3 need to be embedded so that the specification does not change for UE’s that do not implement tx diversity but still contain change needed for UE’s that implement tx diversity. This may be difficult to solve soon and may need time. Once RAN4 concludes, RAN5 will then need to modify existing approved test procedures and therefore the TE implementations that are made according to the already specified test procedures need to be also modified and/or revalidated We will need Ran5 input to evaluate the time needed to modify existing test procedures for all impacted tests and input on how long it would take for the existing test implementation(s) to be re-evaluated. We expect this will result in no testing procedures for existing tests until the work is finalized 
Observation 7: Specifying tx diversity as transparent to specification in Rel-15 would result in no validated RAN5 test procedures and no validated test implementation before that work is finalised.
We consider this as serious negative impact to 5G deployments. 
Specifying tx diversity as specification transparent is too late for Rel-15 since we are already at the close of Rel-16.
4.2	Tx diversity as separate feature
Easier way to define tx diversity is to define separate requirements for it possibly under a separate suffix in ran4 Rel16 specifications. In this way existing RAN4 and RAN5 requirements and RAN5 test procedures can be kept unchanged and a parallel work for requirements and test procedures for UE’s with tx diversity can be enabled. It would be good to define a capability for this feature but perhaps it is not needed if tx diversity behaviour is transparent toward network. Merely a manufacturer declaration can overcome issues in RAN5.
Observation 8: Defining tx diversity requirements separately into specifications simplifies work and release handling and ensures undisrupted RAN5 work.
4.3	Applicable release
It is very late in Rel-15 and since the disruptive impact to RAN5 work it our view that tx diversity or any relaxation or modification because of it should not impact Rel-15 specifications or work in any way.
Proposal 5: Specify tx diversity as separate feature in Rel-16 and end discussion on any Rel-15 specification changes because of tx diversity 
Conclusion
We discussed tx diversity and power class ambiguity validity and made the following observations:
Observation 1: Two way forwards R4-1803259 and R4-1913067 are conflicting. 
Observation 2: Later WF [3] guides RAN4 not to specify tx diversity behaviour or any clarifications because of tx diversity implementation in Rel-15 specifications
Observation 3: Solutions to all problems exist but RAN4 needs to decide if tx diversity is specified or not. 
Observation 4: 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 5: How to write a requirement for ACLR for 2 Tx UE’s in RAN4 is not clear 
Observation 6: EVM calculation method for 2Tx UE’s when tested from each connector will need carefull updates in RAN4 specifications
Observation 7: Specifying tx diversity as transparent to specification in Rel-15 would result in no validated RAN5 test procedures and no validated test implementation before that work is finalised.
Observation 8: Defining tx diversity requirements separately in to specifications simplifies work and release handling and ensures undisrupted RAN5 work.
And to rationalise the work, we made the following proposals
Proposal 1: UE that declares PC2 as its power has to be able to produce 26 dBm regardless how many ports is has been configured for.  
Proposal 2: RAN4 considers collective handling of issues due to tx diversity implementation  
Proposal 3: Technical issues in LS [5] are addressed before agreeing any RAN4 spec changes
Proposal 4: RAN4 considerers maximum two TX ports for UE up to release 16
Proposal 5: Specify tx diversity as separate feature in Rel-16 and end discussion on any Rel-15 specification changes because of tx diversity 
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Proposed way forward

No new UE capability for NR UL-MIMO power class for NR SA in Rel-15

Clarification on UE behavior for EN-DC mode when UE with 2 23dBm PAs declare PC2 in
NR SA operation

* Nonew RAN4 core requirements introduced in Rel-15

+ Alt 1: handled by RAN4 only (see Vivo/Sprint WF), inform RAN2

* Alt 2: by asking RAN2 to add clarification of the EN-DC NR power capability in 38.306 Rel-15

without change of the UE behaviour (no NBC)

* Other alternatives are not precluded.
Clarify the UL-MIMO sub-clause 6.2D.1 in 38.101-1 Rel-15 without changir}g implied UE
behaviour e.g. Remove or further clarify the sentence “If UE is configured fo
transmission on single-antenna port, the requirements in subclause 6.2.1 apply.”
Transparent TxD UE behaivor is not specified in Rel-15 RAN4 core requirements

* Further work needed in Rel-16 and impact on RANS conformance testing investigateg, e.g,
replacement of "antenna connector” with “antenna port”
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WF on Tx diversity

* No specific requirements for TX diversity is written in RAN4
specification.

* RAN4 will follow RAN1 agreements and is discussing possibility for
RAN4 requirements to accommodate TX diversity

* LS to RANS will be sent to ask them to confirm feasibility of TX
diversity testing
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Proposals

5G NR PC2 HPUE definition for SA scenario:

<UL MIMO (2Tx 23+23dBm) with total output
power of 26dBm is supported by specification for
NR Bands n77,n78,n79

*1Tx +26dBm HPUE is also supported by
specification for NR Bands n77,n78,n79

Only PA configurations of 23+23dBm for UL MIMO and
26dBm for 1Tx are supported by specification for NR TDD
bands for PC2 UE in Rel-15




