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1. Introduction
In this document, we discuss REFSENS for n2 [1], n3 [2], and n5 [3].
2. Discussion
2.1.  n2 25MHz, 30MHz, and 40MHz REFSENS
REFSENS for n2 for 25MHz, 30MHz, and 40MHz is as follows. CIM5 TX distortion mechanisms come into play.

The REFSENS analysis for the various channel BW is summarized in table 1 below:
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Table 2.1-1: REFSENS analysis for 25MHz, 30MHz, and 40MHz channel BWs

The proposed UL configuration and REFSENS values are given in the table below
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SCS, KHz 25 30 40

15 -90.7 -84.3 -81.8

30 -90.8 -84.4 -81.9

60 -90.9 -84.5 -82

BW, MHz
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SCS, KHz 25 30 40

15 40 48 40

30 24 24 20

60 10 10 10

BW, MHz


Table 2.1-2: REFSENS and UL Configuration for n2 
Proposal 1: Use n2 25MH, 30M, 40M REFSENS values as shown in Table 2.1-2. 
2.2.  n3 50MHz REFSENS

In the last meeting, REFSENS was proposed without considering the impact of IM3 distortion and 5th order distortion by shifting the RB allocation such that TX distortion products lie outside of the RXBW. It was proposed in [1] that the full channel BW can be used, and to position the UL RBs for acceptable REFSENS performance. The only issue was that the REFSENS for the lower channel BWs were derived considering the impact of the 5th order distortion, so positioning the UL RBs to remove this effect will lower the REFSENS for 50MHz compared to 45MHz or 40MHz. These lower channel BWs do include the effect of the 5th order distortion.

So, in this contribution, analyze and show the effect of positioning the UL RBs to determine the best approach by only removing the 3rd order products from the RX channel BW. This can be accomplished in one of 2 ways, which is to either to lower the TXBW compared to the RXBW (asymmetric duplex option) or to shift the RB allocation away from the DL band which is going against the tradition and may cause some inconsistency in specification. 

Considering the operator’s needs to maximize spectral utilization, it is better to not to limit the TX channel BW and choose RB positions to remove the 3rd order TX distortion.

First, we look at the possible RB positions to remove the 3rd and 5th order products.
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15KHz 48 263 211 216 164

30KHz 24 130 104 107 81

60KHz 10 63 50 54 41
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Table 2.2-1: RB position to remove 3rd order and 5th order TX distortion products

Observation 1: By removing the 5th order products, the estimated REFSENS drops below the agreed REFSENS value for 40MHz RX channel BW.
Proposal 2: Use UL RB allocation and position to remove the 3rd order products as shown in Table 2.2-1.

The REFSENS budget using the 50MHz RB allocation for 15KHz SCS is shown in Table 2. The 1st 50MHz column is RB position for no 5th order products in RX BW. The 2nd 50MHz column is RB position for no 3rd order products in RX BW. The last 50MHz column is RB position for all TX products in RX BW.
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Summary Table

BW 5 10 15 20 25 30 40 50 50 50

RX Alloc BW 4.5 9.36 14.22 19.08 23.94 28.8 38.88 48.6 48.6 48.6

Foffset/BW 21.1 10.5 10.3 10.0 9.7 9.4 8.9 9.9 8.8 8.7

FELoss 4 4 4 4 4 4 4 4 4 4

Ant -10 -10 -10 -10 -10 -10 -10 -10 -10 -10

TX_RX_iso_RX_dB -45 -45 -45 -45 -45 -45 -45 -45 -45 -45

TX_RX_iso_TX_dB -55 -55 -55 -55 -55 -55 -55 -55 -55 -55

HD5_Emission_dBm -1013.8 -1013.8 -1013.8 -1013.8 -1013.8 -1013.8 -82.8 -1063.9 -79.4 -77.9

TX_IM2, dBm -110 -110 -110 -110 -110 -110 -110 -110 -110 -110.0

Tx_noise, dBm/BW -98.9 -95.9 -94.1 -92.8 -91.8 -91.0 -89.7 -88.7 -88.7 -88.7

TX_total, dBm/BW -98.5 -95.7 -94.0 -92.7 -91.7 -91.0 -81.9 -88.7 -78.9 -77.6

Themal (from NF), dB -96.0 -92.8 -91.0 -89.8 -88.7 -87.9 -86.6 -85.6 -85.6 -85.6

Composite, dBm/BW -94.1 -91.0 -89.2 -88.0 -87.0 -86.2 -80.7 -83.9 -78.0 -76.9

MRC REFSENS, dBm -96.8 -93.8 -92.0 -90.8 -89.7 -88.9 -82.3 -86.6 -79.4 -78.2

UL config 25 50 50 50 50 50 50 48 48 48

RB start 164 216 222


Table 2.2-2: 50MHz REFSENS budget at 50MHz for various RB positions. 

Proposal 3: Use REFSENS value shown in the highlighted column in Table 2.2-2.
2.3. n5 25MHz REFSENS

From the last meeting, the WF [1] contained the summary of various contributions from companies restricting the UL BW from 25MHz to 20MHz and using the DL BW of 25MHz. An option for 25MHz REFSENS was also included in [2], but there was not an option to re-position the UL configuration so that the TX distortion does not land in RX BW even for 25MHz UL. The goal here was not have the operator restrict the 25MHz spectrum and allow for future improvement of UE performance. In summary and see Figure 1 below:

Option 1: Use 20MHz UL and 25MHz DL with the UL and 20MHz UL positioned in the “best” and “middle” option. This is the trending approach of the WF [1]. Option 1 is analogous to 1UL/2DL in DLCA, where SCC is configured further away from DL to avoid TX interaction. So, this is the “best” option.

Option 2: Use 25MHz UL and position RB allocation not closest to DL as it is done with other bands. This is the “unrestricted” option but does not waste any valuable UL spectrum.
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Figure 2.3-1: Options for UL BW and RB positioning for REFSENS

The REFSENS analysis for the “middle”, “best”, and “unrestricted” versions are shown in the analysis table 1. The unrestricted version behaves like the “middle”, and “best” versions, but do not restrict operator from deploying resource allocations in good coverage zones or when UEs are able to improve performance later. The actual RB position to remove any 3rd order TX distortion while not restricting the UL BW is shown in the table.

Observation 2: The “best” option closely resembles the 1UL/2DL CA scenario. The unrestricted option modified RB position eliminates excessive 3rd order product.
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Summary Table best typ wc modifiedclosest DL

RX BW 5 10 15 20 25 25 25 25 25

TX BW 5 10 15 20 20 20 20 25 25

RX Alloc BW 4.5 9.36 14.22 19.08 23.94 23.94 23.94 23.94 23.94

Foffset/BW 10.0 9.5 11.0 10.3 11.0 10.3 9.7 11.1 10.7

FELoss 4 4 4 4 4 4 4 4 4

Ant -10 -10 -10 -10 -10 -10 -10 -10 -10

TX_RX_iso_RX_dB -50 -50 -50 -50 -50 -50 -50 -50 -50

TX_RX_iso_TX_dB -55 -55 -55 -55 -55 -55 -55 -55 -55

HDn_Emission_dBm -1018.8 -1018.8 -1018.8 -84.5 -84.5 -83.7 -83.0 -81.8 -73.5

TX_IM2, dBm -110 -110 -110 -110 -110 -110 -110 -110 -110

Tx_noise, dBm/BW -102.0 -98.3 -96.5 -95.2 -93.4 -93.4 -93.4 -94.2 -94.2

TX_total, dBm/BW -101.3 -98.0 -96.3 -84.1 -83.9 -83.3 -82.7 -81.6 -73.5

Themal (from NF), dB -96.0 -92.8 -91.0 -89.8 -88.7 -88.7 -88.7 -88.7 -88.7

Composite, dBm/BW -94.9 -91.7 -89.9 -83.1 -82.7 -82.2 -81.7 -80.8 -73.3

MRC REFSENS, dBm -98.0 -94.8 -93.0 -86.7 -86.1 -85.7 -85.3 -84.6 -77.7

UL config 25 25 20 20 20 20 20 18 18

Rbstart (15K SCS) 108 115


Table 2.3-1: REFSENS analysis for all options
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SCS, KHz 25 SCS, KHz 25

15 -84.7 15 18

30 -84.8 30 10

60 60
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Table 2.3-2: Proposed REFSENS analysis for the unrestricted BW version. (RBstart = 125 for 15K SCS and RBstart=52 for 30K SCS)

Proposal 4: Consider REFSENS in Table 2.3-2 for unrestricted BW and the “best” option for restricted UL BW.
3. Conclusion

Proposal 1: Use n2 25MH, 30MHz, 40MHz REFSENS values as shown in Table 2.1-2. 
Observation 1: By removing the 5th order products, the estimated REFSENS drops below the agreed REFSENS value for 40MHz RX channel BW.
Proposal 2: Use UL RB allocation and position to remove the 3rd order products as shown in Table 2.2-1.

Observation 2: The “best” option closely resembles the 1UL/2DL CA scenario. The unrestricted option modified RB position eliminates excessive 3rd order product.

Proposal 3: Use REFSENS value shown in the highlighted column in Table 2.2-2.
Proposal 4: Consider REFSENS in Table 2.3-2 for unrestricted BW and the “best” option for restricted UL BW.
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4. Specification Proposal
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3
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TX BW 5 10 15 20 25 30 40

RX BW 5 10 15 20 25 30 40

RX Alloc BW 4.5 9.36 14.22 19.08 23.94 28.8 38.88

Foffset/BW 17.8 8.9 8.6 8.3 8.1 8.1 8.9

FELoss 4 4 4 4 4 4 4

TX_noise_dBm/Hz

RX_IIP2, dBm

5th_order_comp_dBc

Ant -10 -10 -10 -10 -10 -10 -10

TX_RX_iso_RX_dB -45 -45 -45 -45 -45 -45 -45

TX_RX_iso_TX_dB -55 -55 -55 -55 -55 -55 -55

HDx_Emission_dBm -1010.3 -1010.3 -1010.3 -1010.3 -1010.3 -82.2 -79.2

TX_IM2, dBm -110 -110 -110 -110 -110 -110 -110

Tx_noise, dBm/BW -102.0 -98.3 -96.5 -95.2 -94.2 -93.4 -92.1

TX_total, dBm/BW -101.3 -98.0 -96.3 -95.1 -94.1 -81.8 -78.9

Themal (from NF), dB -96.0 -92.8 -91.0 -89.8 -88.7 -87.9 -86.6

Composite, dBm/BW -94.9 -91.7 -89.9 -88.7 -87.6 -80.9 -78.3

MRC REFSENS, dBm -98.0 -94.8 -93.0 -91.8 -90.7 -84.3 -81.8

UL config 25 50 50 50 50 48 40

