3GPP TSG-RAN WG4 Meeting #85
R4-1713265
Reno, NV, USA, November 27th ‒ December 1st, 2017
Source: 
Skyworks Solutions, Inc.
Title: 
DC_71A_n71A MSD evaluation for 1 UL and 2UL paths
Agenda Item:
9.4.4.2.1
[FR1] Delta RIB and MSD evaluation within 6GHz
[NR_newRAT]
Document for:
Approval
1. Introduction
In way forward [1], it has been decided that for intra-band contiguous DC_71_n71 with 20 MHz maximum aggregated bandwidth, simultaneous 2 UL transmissions is mandatory. In order to progress in the definition of the requirement for DC_71A-n71A, this contribution explores a number of scenarios with measurements and compares behavior of both single PA/antenna and two PA/antenna architectures.
2. Discussion
2.1. DC_71A_n71A Measurement Setup
In order to make the first evaluation of the IMD related MSD for adjacent LTE/NR DC in Band 71 a set of assumptions and signal cases have been used:

· Power sharing: As a first step equal power split was used at 20dBm per carrier at the antenna. This was done as a simplification as it is believed that equal PSD is more relevant for collocated intra-band DC.

· Is to be noted that MPR was not applied on top of the 3dB back-off per carrier. This means that both DFT-s-OFDM and CP-OFDM QPSK cases are all at 20dBm per carrier.

· 20MHz aggregated cases were studied:

· LTE 20MHz and NR 20MHz as reference cases

· LTE 5MHz + NR 15MHz

· LTE 10MHz + NR 10MHz

· Both CP-OFDM and DFT-s-OFDM were used for comparison
· RB allocations: For partial allocation, the sum of LTE+NR RB is 20 similar to the LTE REFSENS UL configuration case and split between LTE and NR proportionally to their channel BW.

· Full allocation LTE5 + Full allocation NR15

· Full allocation LTE10 + Full allocation NR10

· 5RB LTE5 + 15RB NR15

· 10RB LTE10 + 10RB LTE
· A few partial allocation positions were studied

· Both single PA/antenna (forward IMD) and two PA/antenna (reverse IMD) architectures which were already discussed in [2] were measured including reverse and leakage paths for the two PA/antenna case.
2.2. Single PA/Antenna Architecture and Signals 
Single PA/antenna architecture and signal flow is described in Figure 1. The LTE and NR signals are fed into a single PA at equal power and through the PA non linearity generate IMD products than fall into the LTE and NR RX channels generating significant de-sense. It is to be noted that for Band 71 this issue already exists for the 20MHz LTE case where second ACLR range related to IMD5/7 falls onto Band 71 RX channel crating a few dB de-sense. 
In our measurements we used a 4dB post PA loss assumption and PA operating point was chosen for 30dBc EUTRA ACLR. In this case IMD products falling into RX channels are dominated by the PA forward non linearity as it has been discussed in [2].
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Figure 1: Single PA/Antenna architecture and LTE/NR signals
2.3. Two PA/Antenna Architecture and Signals
Two PA/antenna architecture and signal flow is described in Figure 2. The LTE and NR signals are separately fed into each PA/antenna path at equal power. 
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Figure 2: Two PA/Antenna architecture and LTE/NR signals
In this case the IMD products falling into the LTE/NR RX channels are significantly reduced as the signal from the other path is only seen by the dedicated PA via two mechanisms:

· Via PCB leakage but then the unwanted signal is 39dB lower than the wanted signal (vs 0dBc in the 1 PA/antenna case) resulting in very low IMD products
· Via antenna coupling and the unwanted signal is seen as a reverse signal at 18dB lower power than the wanted forward signal. Here again low IMD products are generated since the PA has 3dB higher back-off, reverse IP3 is higher and unwanted signal is lower. As discussed in [2] the passive front end components have their IMD contribution but which is again much lower than the PA forward IMD products.

In our measurements we used a 4dB post PA loss assumption and PA operating point was chosen for 30dBc EUTRA ACLR. In this case IMD products falling into RX channels are dominated by the PA reverse non linearity and passive front end non linearity as it has been discussed in [2]. In this study we focus on the PA measurements as they are representative of the overall behavior of the differences in architecture. Passive component impact is for further study in upcoming meetings as they require very linear test benches which were not available in time for this contribution. 
2.4. IMD measurements

In Table 1, measured interference levels in the respective LTE and NR channels are measured. Since they correspond to a 20MHz aggregated BW they are compared with the 20MHz LTE and NR SA cases. A number of Dual connectivity configurations are measured and to be able to “decode” the cases here is a nomenclature where letters in red are the parameters:
Naming: XXRB_side LTE-BW dir + YYRB_side MOD_NR-BW dir
XX and YY: respective LTE and NR RB allocation

_side: _L=left (lowest frequencies), _R=right (highest frequencies), omitted for full allocations
-BW: respective LTE or NR channel BW in MHz
dir: signal path: FW=forward, REV=reverse, LEAK=leakage, omitted for 1PA cases since FW by default

MOD_: NR modulation type: CP_=CP-OFDM, DFT_=DFT-s-OFDM

These IMD measurements are particularly cumbersome and error prone. Due to this, a limited number of cases were measured. However, enough aspects are explored to provide interesting comparisons and draw conclusions.

Table 1: Summary of 1PA/antenna and 2PA/antenna (including reverse and leakage path) measurements
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20RB_L LTE-20 -51.9 NA NA

100RB LTE-20 -30.4 NA NA

REF_NRCP-20 20RB_L CP_NR-20 NA -50.8 NA

REF_NRDFT-20 20RB_L DFT_NR-20 NA -49.5 NA

DC#1_DF 1PA

25RB LTE-5 + 75RB_L DFT_NR-15

-34.9 -24.8 -30.4

DC#1_CP 1PA

25RB LTE-5 + 79RB CP_NR-15

-34.9 -23.7 -30.4

25RB LTE-5 FW + 79RB CP_NR-15 REV

-48.4 -34.7

25RB LTE-5 FW + 79RB CP_NR-15 LEAK

-67.4 -60.9

25RB LTE-5 REV + 79RB CP_NR-15 FW

-55.8 -42.8

25RB LTE-5 LEAK + 79RB CP_NR-15 FW

-67.3 -61.6

25RB LTE-5  + 79RB CP_NR-15

-48.3 -42.8 -30.4

DC#2_CP 1PA

5RB_L LTE-5 + 15RB_L CP_NR-15

-48.2 -34.4 -51.9

DC#3_CP 1PA

5RB_L LTE-5 + 15RB_R CP_NR-15

-42.0 -19.1 -51.9

DC#4_DFT 1PA

50RB LTE-10 FW + 50RB_L DFT_NR-10 FW

-27.4 -28.1 -30.4

DC#4_CP 1PA

50RB LTE-10 FW + 52RB CP_NR-10 FW

-27.6 -27.2 -30.4

50RB LTE-10 FW + 52RB_R CP_NR-10 REV

-47.9 -47.5

50RB LTE-10 REV + 52RB_R CP_NR-10 FW

-61.8 -62.0

50RB LTE-10  + 52RB_R CP_NR-10

-47.9 -62.0 -30.4

DC#5_CP 1PA

10RB_L LTE-10 + 10RB_R CP_NR-10

-19.7 -19.3 -51.9

10RB_L LTE-10 FW + 10RB_R CP_NR-10 REV

-62.9 -62.8

10RB_L LTE-10 REV + 10RB_R CP_NR-10 FW

-63.7 -63.5

10RB_L LTE-10 + 10RB_R CP_NR-10

-62.9 -63.5 -51.9
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DC#4_CP 2PA

DC#1_CP 2PA
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Case-by-case Discussion:

DC#1_CP 2PA: 

· Measurement shows that leakage path results into approximately 20dB lower interference level than the reverse IMD 

· Leakage path can be ignored

DC#1_DF 1PA vs DC#1_CP 1PA and DC#4_DFT 1PA vs DC#4_CP 1PA: 

· CP-OFDM and DFT-s-OFDM cases are similar and CP-OFDM is worst case 
· DFT-s-OFDM can be ignored

DC#1_CP 1PA vs DC#1_CP 2PA and DC#4_CP 1PA vs DC#4_CP 2PA: 

· For full allocation on both carrier 2PA architecture shows 20dB improvement versus 1 PA/antenna architecture

· 2PA/antenna architecture shows 10-30dB better performance than LTE 20MHz for full allocation with higher number of aggregated RBs
· 2 PA/antenna architecture enables better NR NSA performance versus LTE for full RB allocation
· 1 PA/antenna architecture show only slightly worse performance for full allocation versus LTE 20MHz with higher number of aggregated RBs
· 1 PA/antenna architecture enables acceptable NR NSA performance versuss LTE for full allocation
DC#2_CP 1PA vs DC#3_CP 1PA and DC#5_CP 1PA:
· When LTE partial allocation is on the left (lowest frequencies) and NR partial allocation are on the right side (highest frequencies) the performance is 20dB worse than when both are on the left due to lower IMD order falling in NR RX channel. In this case, the interfering level can be up to 30dB worse than for LTE 20MHz REFSENS case
· Worst case partial RB allocation is not viable for 1PA/antenna architecture
· When both partial allocations are on the left (DC#2_CP 1PA) the interference level is only 10-15dB worse than for LTE 20MHz REFSENS case
· For 1 PA/antenna architecture partial RB allocation position at the lower frequencies is an acceptable UL configuration
· It is to be noted that quasi contiguous partial RB allocations is even better and potentially better than for LTE 20MHz REFSENS case

DC#5_CP 1PA vs DC#5_CP 2PA:
· Where for the worst case partial allocations position the 1PA architecture show 30dB degradation versus LTE 20MHz REFSENS case the 2PA/antenna architecture shows 10dB improvement

· 2 PA/antenna architecture enables better NR NSA performance versus LTE, even with worst case partial allocations.
Observations:
· Two PA/antenna architecture outperforms single PA architecture for DC_71A_n71, but also outperforms LTE or NR SA for the same aggregated BW and supports any full or partial RB allocations. Calculations in [2] have shown that it will still be the case when passive RF front end component impact is added. This will be further verified with measurements in coming meetings.
· To enable acceptable single PA/antenna architecture DC_71A_n71 performance, it is necessary to put restriction to the partial allocations positions.
2.5. Proposals for DC_71A_n71A
2.5.1. UL Configuration for REFSENS

Power Sharing

Although we have used equal power for each carrier in this study for sake of simplicity, we believe that for these intra-band dual connectivity cases the scenario is a collocated LTE and NR base station, and in this case, power per RB should be very similar for LTE and NR, thus corresponding to an equal PSD case.

If using equal PSD for the LTE 10MHz + NR 10MHz cases with same RB allocation the power is still 20dBm+20dBm, for the LTE 5MHz + NR 15MHz the levels are 17+21.8dBm.
Proposal 1 on power sharing: Equal PSD split is used for collocated intra-band DC.
Allocation Restriction
If for the 2 PA/antenna architecture, it should be feasible to support all possible partial allocation positions and achieve same or better performance than the respective LTE or NR SA cases, the 1 PA/antenna architecture sees severe de-sense when partial allocations are placed the furthest apart between LTE and NR. To the contrary, if they placed close to each other in a quasi-contiguous manner the de-sense is lower than for LTE or NR cases used for REFSENS. This cannot be used for specification, as only one UE could benefit from such configuration. We believe that the case where partial allocations are placed at the lowest respective positions and proportionally to the LTE/NR BW is a good compromise that is quite comparable to the restricted allocation of LTE 20MHz case.
The following cases are examples: 

· 5RB0 LTE 5MHz + 15RB0 NR 15MHz
· 10RB0 LTE 10MHz + 10RB0 NR 10MHz
· 15RB0 LTE 15MHZ + 5RB0 NR 5MHz

· 20MHz LTE REFSENS UL configuration in 20RB0
Proposal 2 on UL configuration for REFSENS:

· For 2 PA/antenna architecture: No restriction on RB allocation.
· For 1 PA/antenna architecture: Partial RB allocation is restricted to the lowest frequency position, total RB number is equal to the LTE REFSENS UL configuration corresponding to the same aggregated BW and split between LTE and NR proportionally to their respective channel bandwidths.
2.5.2. Architecture Options
Provided that the above UL configuration restrictions proposals are adopted, the single PA/antenna architecture can provide reasonable DC_71A_n71A performance and should serve to develop the minimum requirements.
The two PA/antenna architecture shows significantly improved performance and even outperforms LTE and NR SA cases and, is more flexible in terms of RB allocation while potentially allowing for wider aggregation bandwidth and/or non-contiguous LTE and NR channels. It is worth developing specific requirements for this architecture within Release 15 and create associated UE capability. 
Proposal 3 on UE architecture:

· Single PA/antenna architecture with restricted UL configuration is used to develop minimum requirement.
· Two PA/antenna architecture requirement without UL configuration restriction with associated UE capability is developed within Release 15, larger aggregated BW than 20MHz or non-contiguous LTE/NR channels is FFS. 
3. Conclusion
This contribution provides measurements results for a number of DC_71A_n71A cases which allow proposing a way forward to achieve the development of the requirement for both single PA/antenna and two PA/antenna architectures. The following proposals are made:
Proposal 1 on power sharing: Equal PSD split is used for collocated intra-band DC.
Proposal 2 on UL configuration for REFSENS:

· For 2 PA/antenna architecture: No restriction on RB allocation.
· For 1 PA/antenna architecture: Partial RB allocation is restricted to the lowest frequency position, total RB number is equal to the LTE REFSENS UL configuration corresponding to the same aggregated BW and split between LTE and NR proportionally to their respective channel bandwidths.
Proposal 3 on UE architecture:

· Single PA/antenna architecture with restricted UL configuration is used to develop minimum requirement.
· Two PA/antenna architecture requirement without UL configuration restriction with associated UE capability is developed within Release 15, larger aggregated BW than 20MHz or non-contiguous LTE/NR channels is FFS. 
These are based on the following observations:

Observations:
· Two PA/antenna architecture outperforms single PA architecture for DC_71A_n71, but also outperforms LTE or NR SA for the same aggregated BW and supports any full or partial RB allocations. Calculations in [2] have shown that it will still be the case when passive RF front end component impact is added. This will be further verified with measurements in coming meetings.
· To enable acceptable single PA/antenna architecture DC_71A_n71 performance, it is necessary to put restriction to the partial allocations positions.
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