[bookmark: _GoBack]3GPP TSG-RAN #87-e 								       R4-200244
Online, 16th March – 19th March 2020

[bookmark: Source]Agenda item:	9.10
Source: 	Qualcomm Incorporated
Title: 	TX Diversity and related work in RAN4
Document for:	Approval
1.	Introduction
Discussion about TX diversity related implementations has been ongoing in RAN4 for some time [2,3,4,5]. The discussion was kicked off by the RAN1 agreement [1] of TX diversity being specification transparent. RAN1 meant that SFBC such as S-CDD is specification transparent. In RAN4, TX diversity opens the possibility for a UE with two 23 dBm PA’s to support a combined 26 dBm output power i.e power class 2 when configured for single antenna port operation. In this context, it is important to note that specifications define only one power class declaration per UE that covers both single port (DCI 0_0) and UL MIMO. 
2. 	Discussion
2.1	Transparency 
Firstly, it should be noted that antenna port is a RAN1 term and means logical antenna port but antenna connector in RAN4 is a physical antenna connector used for testing/measurements. TX diversity can be also called antenna port virtualization. When transmission is configured for one logical antenna port, two antenna connectors maybe involved depending if UE implements TX diversity.   
Rel-15 based RAN4 requirements and RAN5 test procedures are written in such a way that the rated output is expected to come out of one antenna connector and, therefore, there would need to be a change starting from RAN4 requirements to recognize TX diversity. This change can be made in such a way that specification transparency is preserved [4,6].  Some test equipment vendors expressed concerns since this implies that te TE has to check  multiple hypothesis for each test to check if UE implements TX diversity or not. 
Observation 1: Even if RAN4 can define requirements so that TX diversity is specification transparent, in RAN5, transparent TX diversity may not be practical due to added testing burden.
Due to late timing, Ran4 ruled out TX diversity [5] in the specifications which means that a NR SA UE must be compliant with the declared power class from one antenna connector. However, it seems that this is not common understanding in RAN4 or RAN5 as some companies still bring CRs to introduce TX diversity support directly in RAN5 [8] or even propose dedicated MPR tables for 2TX UEs in RAN4 [9]. 
Observation 2: Some companies are still proposing changes in RAN4 or RAN5 even those the specifications do not explicitly specify TX diversity.
2.2	Power class issues    
2.2.1	General
TX diversity enables a new type of capability for the UE to produce higher combined output power than any of its PA’s alone would be capable of. RAN1 lead eMIMO work item is working to clarify this in Rel-16 but some companies are proposing Rel-15 changes in RAN4. The power class of a UE implemented with  23+23 dBm PA’s needs clarifications in multiple cases. In Figure 1 we show those cases. 
[image: ]  
Figure 1. Different options for 23+23 dBm implementation with combined 26 dBm output power: (a) TX Diversity; (b) EN-DC; (c) UL MIMO
2.2.2	UE power class baseline DCI 0_0 vs UL MIMO
UE that implements UL MIMO support and only has 23 dBm PA’s is capable for combined 26 dBm output power as shown in Figure 1 ( c ) but this is the case only for rank-2. Some companies consider that this is PC2 (26 dBm) UE and wish to set the power class declaration accordingly. Consequently, this UE would have to be allowed to fall back to PC3 when configured for single port. However, the current specifications are written such way that this UE is in reality a PC3 (23 dBm) UE which may behave as PC2 (26 dBm) UE only when configured for rank-2 transmission. The UE should fulfil its claimed power class in all transmission modes and not just as a “maximum capability”.  
Observation 3: The baseline for the UE power class declaration should be the basic transmission mode, not rank2 transmission.     
2.2.3	UE power class in EN-DC vs SA mode
If UE implements TX div, but wishes to reuse the other PA (See Figure 1 (a) and (b) ) in intra-band EN-DC configuration for LTE, the power capability of the UE in NR drops from 26 dBm to 23 dBm since the other PA is not available for NR anymore. UE would still be PC2 UE for EN-DC since it can transmit combined 26 dBm power (NR+LTE) but its behaviour for each RAT changes depending if it is configured for EN-DC or not. In Rel-15, or Rel-16 so far, do not support declaration of capability for NR power class separately when UE is configured for EN-DC but it is expected that UE’s power class for NR does not change depending if it is configured for MR-DC or not.
Observation 4: It is expected that UE maintains it power class in NR regardless it is configured for EN-DC. UE’s power class is in NR operation is impacted by configuration of EN-DC only if it implements TX div.   
Same WF [5] that agreed that RAN4 does not make spec changes for TX div, agrees to clarify this power class issue. If UE does not implement TX div, this problem does not exist and since RAN4 specifications do not recognise TX div, this EN-DC power class ambiguity does not need to be corrected.  
Observation 5: EN-DC power class ambiguity seems to concern only UE’s which implement TX diversity.
RAN4 agreed a CR to TS 38.101-3 [7] but that language still leaves room for at least two different interpretations in Ran5 since it only says UE with support for 2 SRS ports in S mode but only 1 SRS port in EN-DC can be power class 2 or 3. It does not describe fall back operation or relation between power class in EN-DC and SA.
2.3	Emission requirements for 2 TX UEs as an underlying problem  
The underlying problem for not properly being able to agree requirements that accommodate TX diversity are the emission requirements. NR UL MIMO was introduced in Rel-15 with a CR [10] that mostly re-used LTE UL MIMO sections as basis. The problematic item is the emission requirement for UE with 2 TX connectors where emission requirements are tested individually from each connector instead of summing emissions from each connector and then comparing emission requirements to the summed result.
Observation 6: In LTE, and now in NR FR1, output power is summed but emissions are not.  
 In LTE, as documented in Release 10 TR section 6.6B [11], assumption was that UE with two PA’s and UL MIMO support would always transmit at same combined power level as it would transmit with a single TX chain. This ensures that the PA’s are backed off by 3 dB whenever 2 TX transmission is in place and therefore emissions from those PA’s would be lower by 3 dB or more. With this assumption, LTE specification defined emission requirements for 2 TX UE to be same as requirements for 1 TX case but tested at each antenna connector. 
This definition in theory gave a 3 dB relaxation to the emission requirements but with the assumption of power scaling, in practice that would never be violated. 
Observation 7: LTE always assumed power scaling for each antenna port whenever UE is configured for two antenna ports and this allowed different treatment for output power and emissions. 
In NR, the effort is to enable implementation in which both PA’s are not ratiating full output power and this fact erases the LTE assumption. Hence, specification should be updated so that not only power is summed but also emissions are summed. In our view, since power scaling is not in effect anymore, emission requirements should be updated. Otherwise, it would allow a UE to pass the tests even if in reality it fails as shown in Figure 2. Emission requirements are derived from regulatory requirements and the UE is considered as one entity regardless of number of antenna connectors(overall aggregated emissions should be checked). 
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Figure 2. Emission build up in 2 PA UE
Observation 8: With updated power scaling in NR compared to LTE, the emission requirements definition seem to be obsolete.
2.4	RAN4 impact and guidance from plenary
This issue of 2 x 23 dBm UE implementation has been discussed for some time, first WF [2] was agreed two years ago and every meeting thereafter it has been a contentious discussion also evolving and coming up in different contexts. Even as we are close a to the completion of Rel-16, WF [12] proposes major updates to Rel-15. This RAN4#94e this WF was not agreed. RAN plenary should provide guidance on how to conclude the topic of handling a UE implementation in which none of the PA’s support full rated output power for all cases: TX diversity, UL MIMO vs single port power class and EN-DC with TX diversity. It is our view that treating TX diversity as a specification transparent feature in RAN4 and RAN5 is not meaningful and implementations should be distinguished by capability and clearly testable requirements should be defined. 
Proposal 1: Requirements for a UE implementation in which none of the PA’s alone provide power up to the level of the declared power class should be distinguished from UE’s which implement full rated PA’s to fulfil the requirements.
Given the late timing of this discussion compared to Rel-15 closure dates, this capability should be applicable from Rel-16 or even Rel.17 onwards. 
For Rel-15, supporting implementations where none of the PA’s support full rated output power would need many specification changes in areas which are matured already such as power class testing for general requirements i.e. DCI 0_0. Also changes in the meaning of power class declarations would need to be changed which would then degrade the value of most of the existing implementations. Therefore, as agreed in WF [5], this type of implementation should no be recognised in RAN4 or in RAN5 nor any of the implications of it to testing or power class capabilities.
Proposal 2: Maintain the agreement of not making any specification changes for Rel.15 because of an implementation in which none of the PA’s alone provide full power according to power class.
If proposal 1is agreed, it should also be discussed under which WI this should be handled or whether a new WI is needed.
Conclusion
In this paper we discussed Tx diversity specifications in RAN4 and how this relates to possible implementations of power class 2 and 3. We made the following observations and proposals.
Observation 1: Even if RAN4 can define requirements so that TX diversity is specification transparent, in RAN5, transparent TX diversity may not be practical due to added testing burden.
Observation 2: Some companies are still proposing changes in RAN4 or RAN5 even those the specifications do not explicitly specify TX diversity.
Observation 3: The baseline for the UE power class declaration should be the basic transmission mode, not rank2 transmission.
Observation 4: It is expected that UE maintains it power class in NR regardless it is configured for EN-DC. UE’s power class is in NR operation is impacted by configuration of EN-DC only if it implements TX div.  
Observation 5: EN-DC power class ambiguity seems to concern only UE’s which implement TX diversity.
Observation 6: In LTE, and now in NR FR1, output power is summed but emissions are not.
Observation 7: LTE always assumed power scaling for each antenna port whenever UE is configured for two antenna ports and this allowed different treatment for output power and emissions. 
Observation 8: With updated power scaling in NR compared to LTE, the emission requirements definition seem to be obsolete.
Proposal 1: Requirements for a UE implementation in which none of the PA’s alone provide power up to the level of the declared power class should be distinguished from UE’s which implement full rated PA’s to fulfil the requirements.
Proposal 2: Maintain the agreement of not making any specification changes for Rel.15 because of implementation in which none of the PA’s alone provide full power according to power class.
If proposal 1is agreed, it should also be discussed under which WI this should be handled or whether a new WI is needed.
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