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1	Introduction
In the past RAN4 meeting cycles, RAN4 discussed how to support transparent Tx diversity in RAN4 requirement [1], however, not yet concluded in RAN4#95e with many aspects of details to be specified or clarified [2]. To complete the work to support transparent Tx diversity in Rel-16, we would like to provide our analysis and viewpoints in this contribution. 
2	Discussion on Transparent Tx Diversity
2.1 Background
The approved way forward [2] listed the outstanding aspects which should be considered in the work to enable transparent TxD in Rel-16 requirement and corresponding test methods, as below.
	<From R4-2008465, WF on Enabling Transparent TxD in Rel-16>
Summing the power and emissions: 
Motivation is to define requirements so that power is measured correctly for all implementations
· Option 1: Use “requirements apply to a sum of both connectors”. 
· Option 2: Use “measured as sum of each antenna connector”.
Unwanted emissions for Transparent TxD: MPR study:
Possible WF: 
· Simulation/measurement assumptions for MPR study for 2Tx UE’s
· Follow 29 dBm WI assumptions in R4-2005190
· Two 20dBm Tx chains are not precluded
· Two 23dBm Tx chains are not precluded
· Two 26dBm Tx chains are precluded
· MPRs are defined for each power class separately
· PC3 = 2x20dBm
· PC2 = 2x23dBm
Unwanted emissions for Transparent TxD: how to write emission requirements
· Motivation is to ensure correct requirement setting for unwanted emissions
· Option 1: Define “requirements apply to a sum of both connectors”. Issue 3-3-1 option 1
· Option 2: Define “measured as the sum of the emissions from all antenna connectors”. Same as issue 3-3-1 Option 2
· Option 3: Measured per antenna connector against a 3 dB tighter emissions requirement per connector (for two antenna connectors).
ACLR for Transparent TxD
· ACLR is defined as follows
· ACLRUE = (PADJ, TX1 + PADJ, TX2) / (POWN, TX1 + POWN, TX2)
· Where
· PADJ, TX1 = power of the adjacent channel on TX port 1
· POWN, TX1 = power of own channel on TX port 1
· And TX2 similarly. 
EVM for Transparent TxD
· Agree EVM defined as 
· 
· Needed changes into the TS are TBD
· Annex F
· 6.4D
Declaration for default TX connector
· Motivation is to clarify what is UE behavior and TE assumptions in RX and BB tests
· Narrow down to one of the following in next meeting
· Option 1a: TE needs to detect all antenna connectors for ACK and NACK and any other expected response from UE
· Option 1b: TE needs to detect all declared TX antenna connectors for ACK and NACK and any other expected response from UE
· Option 2: UE declares which connector is primary TX connector from which ACK and NACK and any other expected response from UE is transmitted in all cases
· And send LS to RAN5 about RAN4 conclusion
UE behavior under conformance testing
· Motivation is to guide how to test requirements that require power changes such as relative power control 
· Option 1a: UE will keep the tx diversity status unchanged in conformance testing.
· Option 1b: Test mode signalling is implemented to instruct UE to keep TX div status unchanged
· Option 2: TE will detect and sum for every power step and change in condition from all connector (according to the issue 3-3-5 outcome) 
Power splitting behavior
· Motivation is to discuss and agree what implementations are excuded 
· Option 1: Only allow equal power split between connectors
· Excludes 17+17+20 dBm implementations
· Excludes power control optimizations
· Option 2: Allow any power split between connectors
· Note for discussion
· RAN1 language mandates UE to split power equally between logical antenna ports. This allows 17+17 dBm = port 1 and 20 dBm = port 2 case
· What is the motivation for RAN4 to disallow this? Or power optimization for example for 24 dBm output power realization 23 + 17 dBm for maximized efficiency?



2.2 General Aspects for Transparent TxD
In RAN1/2 specification, transparent Tx Diversity means UE-implementation way to form one “antenna port”, which is well recognized as logical conception and can consist of multiple physical antenna elements. However, it is observed that transparent Tx diversity is NOT totally transparent to RAN4 and RAN5 specification. 
In last meeting, RAN4 has decided that transparent Tx diversity [1, R4-2005652] shall be allowed for FR1 in Rel-16, and no conclusion has been reached for allowing or not Rel-15 transparent Tx diversity, due to the fact that it is in an inappropriate stage to introduce such big change to RAN4 specification which require: (1) big change to existing testing equipment and certification bodies; (2) impact on existing/under-development Rel-15 product. 
Based on RAN4 agreement captured in WF R4-1913067, the following agreement is clearly achieved, and it has been recognized not only as “RAN4 agreement” but also “final resolution” after long RAN4 discussion:
	· Transparent TxD UE behaivor is not specified in Rel-15 RAN4 core requirements
· Further work needed in Rel-16 and impact on RAN5 conformance testing investigateg, e.g, replacement of ”antenna connector” with ”antenna port”


Therefore, the following observation and proposal are obtained: 
Observation 1: The following agreement achieved in RAN4#92bis is not only “RAN4 agreement”, but also “final resolution” after a long and over-due RAN4 Rel-15 discussion: 
· Transparent TxD UE behavior is not specified in Rel-15 RAN4 core requirements [R4-1913067].    
Proposal 1: For transparent Tx diversity for FR1 in Rel-15, RAN4 need to follow existing agreement and final resolution from RAN4#92bis, and there is no necessity to further discuss Rel-15 transparent Tx diversity. 

In last RAN4 meeting, some company proposed to apply Rel-16 RAN4 requirement for transparent Tx diversity to Rel-15 as release independent manner [4], which is based on the similarity between transparent TxD and release independent 4RX feature. However, the difference should be noted: whether or not transparent Tx diversity is totally transparent to gNB is still under discussion: We see the possibility that different MPR or other requirements apply to transparent TxD UE from other normal one-PA UEs. If so, the feature is not totally transparent to Rel-15 network, and release independent to Rel-15 UE could introduce problems to existing systems. Based on that, it should be more straightforward RAN4 could discuss the testing method to enable transparent Tx diversity in Rel-16 firstly. Before reaching clear understanding on detailed RAN4 requirement, it is impossible to reach any conclusion on release independence-based manner.
Observation 2: Given the test method and requirement is not clear for transparent Tx diversity in Rel-16, it is impossible for RAN4 to introduce transparent Tx diversity to Rel-15 in release independent manner. 

2.3 Cyclic Delay Diversity (CDD)
Cyclic delay-diversity (CDD) is well recognized as an adaptation of the generalized delay diversity scheme to OFDM systems, which is an implementation scheme for transparent Tx diversity. With sending on each antenna a circularly shifted version of the same OFDM symbol in time domain, CDD turns the MIMO channel into a SIMO channel with enhanced frequency selectivity, and the subsequent frequency diversity may then be extracted by appropriate outer channel codes.
In academic papers, the relationship between the cyclic shift in time domain and the multiplication by a phase shift in frequency domain is demonstrated, i.e., the received signal at k-th subcarrier in frequency domain can be written as:

where the equivalent SIMO channel matrix on the k-th tone, denoted as , is given by

where  with  dimension is the DFT of the impulse response evaluated on the k-th subcarrier for N-tone OFDM modulation, and is cyclic delay over m-th Tx antenna (). It can be observed that the equivalent channel’s frequency selectivity is much increased due to the phase-shifted version of channel fadings adding together. Theoretically, the cyclic shifting with  can provide the maximum Tx diversity, i.e., by assuming  for practical UE implementation, we have  and . However, it should be noted that the maximum diversity is achieved by minimizing the frequency correlation between adjacent tones, with the assistance of interleaver over tones and outer channel code to extract this frequency diversity. On the other hand, if the difference between cyclic shifting values is chosen to be small enough, the increased time-spread delay is not enough to provide extra frequency-selectivity compared with 1TX scheme, which will also result in limited performance improvement. 
Hence, by considering practical UE implementation, the performance of CDD scheme at least depends on factors including: the choice of delay difference  (correspondingly obtainable TX diversity), the impact of practical channel estimation at gNB, the channel correlation and the delay profile over two TX antennas. As one of the most important factor, the performance impact from the choice of cyclic shifting delay difference (by assuming  in simulation) can be demonstrated as below baseband performance figures in terms of throughput and BLER.
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With the above analysis into account, the following observation can be reached: 
Observation 3: The performance of CDD scheme at least depends on factors including: the choice of delay difference ∆m (correspondingly obtainable TX diversity), the impact of practical channel estimation at gNB, the channel correlation and the delay profile over two TX antennas. 
2.4 Test Method for Maximum Output Power and Emission
Since the CDD-based scheme is recognized as the baseline scheme for transparent TX diversity, the practical implementation factors mentioned previously should be considered in RAN4 requirement and testing methodology study. In previous RAN4 meeting, there are two ways for summing the output power and emission, i.e., 
	<From R4-2008465, WF on Enabling Transparent TxD in Rel-16>
Summing the power and emissions: 
Motivation is to define requirements so that power is measured correctly for all implementations
· Option 1: Use “requirements apply to a sum of both connectors”. 
· Option 2: Use “measured as sum of each antenna connector”.



From previous RAN4 discussion, the testing methodology as option 2 (summing the signals from 2TX) is suggested to simulate the impact of CDD. However, as mentioned by some companies, summing the signals by combiner may cause the power test to fail if the summation is done with such phase shift that the signals cancel each other. 
Furthermore, some companies proposed that “TE vendors may like to implement adjustable phase shifter on one or both branches and sweep the phase difference and then consider the best result as the correct one”. If we assume equal power splitting and no additional power attenuation on both conductive lines, and the adjustable phase shifter (constant over multiple tones) to be  at m-th antenna, we can concluded that the two signals are constructively added if , as below shown: 

In other words, the physical combiner based methodology is still heavily dependent on the choice of “adjustable phase shift”, and its relationship with UE-implemented CDD scheme. For the physical combiner based methodology, the sweep of “adjustable phase shift” at TE side will bring system complexity, test time increasing and extra measurement uncertainty, moreover, it is only applicable for power measurement for in-band frequency and out of band emissions will be underestimated. Depending on UE implementation, different kinds of Tx diversity schemes may exist which are adaptive to over the air performance in real network, but for conduction test with test equipment, option 2 could not properly address the functionality.
To conclude, the testing methodology should not be the blocking factor to UE-implemented CDD scheme, i.e., to allow different kinds of CDD implementation to be testable. 
Proposal 2: “Option 1: requirements apply to a sum of both connectors” is adopted as the testing method for “summing the power and emissions”.  

2.5 Expected UE Behaviours under Testing
Since the transparent TxD-based UE behaviour should be totally UE-independent, we see no reason to restrict UE should be also in transparent TxD mode, while the opportunities should be provided if UE identify that it is better to have 1-PA branch transmission than transparent TxD mode, e.g. Switching Tx Diveristy (STD), it can be considered as unequal power splitting (0% vs 100%). Similarly, if both TX PAs are full-rated PA, then the feasibility should be provided if unequal power splitting is utilized, e.g. Pre-Rake Tx diversity (PRT), different Tx ports have different weights. Dynamic unequal power splitting will cause testability issues even with option 1 test method (requirements apply to a sum of both connectors).
To balance the testability and UE implementation flexibility, we agree with other company’s proposal on developing the function of “lock mode” for transparent TxD, just similar to “beam lock” developed for FR2. Furthermore, it is natural to have UE vendor claim a default Tx connector as companies proposed this in RAN5 before. In other words, for test cases e.g., DL baseband testing for UL as CSI feedback link, UE vendor can claim a default Tx connector to allow UE fallback to 1TX mode. 

Proposal 3: Per instructed, UE should keep its Tx diversity status unchanged during the conformance tests, in terms of
· (1) 2TX diversity mode or 1TX mode; 
· (2) If 2TX diversity mode is applicable, equal power splitting can be locked
· (3) If 1TX mode is applicable, one default Tx connector can be claimed by UE vendors. 

5 Conclusion
In this paper, we provided our views on the outstanding aspects which should be considered in the work to enable transparent TxD in Rel-16 requirement and corresponding test methods, with following observations and proposals:
Observation 1: The following agreement achieved in RAN4#92bis is not only “RAN4 agreement”, but also “final resolution” after a long and over-due RAN4 Rel-15 discussion: 
· Transparent TxD UE behavior is not specified in Rel-15 RAN4 core requirements [R4-1913067].    
Proposal 1: For transparent Tx diversity for FR1 in Rel-15, RAN4 need to follow existing agreement and final resolution from RAN4#92bis, and there is no necessity to further discuss Rel-15 transparent Tx diversity. 
Observation 2: Given the test method and requirement is not clear for transparent Tx diversity in Rel-16, it is impossible for RAN4 to introduce transparent Tx diversity to Rel-15 in release independent manner. 
Observation 3: The performance of CDD scheme at least depends on factors including: the choice of delay difference ∆m (correspondingly obtainable TX diversity), the impact of practical channel estimation at gNB, the channel correlation and the delay profile over two TX antennas. 
Proposal 2: “Option 1: requirements apply to a sum of both connectors” is adopted as the testing method for “summing the power and emissions”.  
Proposal 3: Per instructed, UE should keep its Tx diversity status unchanged during the conformance tests, in terms of
· (1) 2TX diversity mode or 1TX mode; 
· (2) If 2TX diversity mode is applicable, equal power splitting can be locked
· (3) If 1TX mode is applicable, one default Tx connector can be claimed by UE vendors. 
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