[bookmark: _GoBack]3GPP TSG-RAN WG4 #99-e	R4-2111537
E-meeting, 19th – 27th May, 2021

Source: 	Skyworks Solutions, Inc.,
Title: 	Intra-Band Single Uplink REFSENS Simplification
Agenda Item:	8.16.2 EN-DC requirements without FR2 band
Document for:	Approval
Introduction
At RAN4 #98bis-e, it was agreed in WF [1] to adopt small/medium uplink (UL) aggressor Resource Block (LCRB) configurations that maximize Maximum Sensitivity Degradation (MSD) for all new intra-band EN-DC combinations or for new intra-band EN-DC BCS. This agreement addresses the concern that in certain cases, the selected LCRB configuration does not always guarantee that the UE is verified under test conditions that lead to the worst-case MSD. In this contribution we bring further enhancements to this agreement as means to optimize the number of test points and, in particular, to avoid specifying test points which are either redundant or do not bring significant added value to the UE MSD verification.
Discussion
Background: WF [1] Agreements
In WF [1] it was agreed:
· To ensure the case of frequency bands where the UL and the downlink (DL) bands are inverted are correctly captured in TS 38.101-3 Table 7.3B.3.2-1 and Table 7.3B.3.2-2.
· To remove and to stop capturing RBstart specifications in footnotes dedicated for each ENDC band combinations. This was needed to prevent further expansion of footnotes.
· To remove any ambiguity about the identification of aggressor and victim.

We present corresponding CRs at this meeting that implement these agreements. These changes bring a certain level of simplification as shown in Figure 1. This is a good start but, as captured in WF [1], there remain opportunities to further reduce the number of MSD test points while maintaining the most relevant MSD test points. 
Taking the example of DC_2A_n2A MSD test points from Table 7.3B.3.2-2, we observe that, for a given aggressor UL CBW configuration (say 5MHz UL CBW), multiple MSD test points have been agreed. We believe however that it is sufficient to verify the UE MSD only for the CBW and UL configuration that leads to the worst-case MSD. 
Observation 1: For intra-band EN-DC single UL REFSENS (MSD) specifications, there are several MSD test points that verify an MSD level which is below the maximum possible MSD for a given UL aggressor CBW. 
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[bookmark: _Ref71107094]Figure 1: Example of Table 7.3B.3.2-2 simplification for Intra-Band Non-Contiguous EN-DC with one uplink configuration on NR for reference sensitivity based on WF agreements [1].

To keep only the most relevant MSD test points, we make the following proposal:

Proposal 1: Only for single UL intra-band REFSENS MSD test points, and only in future Rel-17 intra-band EN-DC combinations or for future intra-band EN-DC BCS updates, adopt WF [1] agreement for the selection of the UL aggressor RB configuration with the additional optimization:

For intra-band non-contiguous EN-DC:
· For each distinct Uplink Aggressor CBW, only specify one pair of test points:
· Test Point #1) Specify the range of Wgap for which the worst-case (highest) MSD is reached. This corresponds to the collision of the lowest victim’s CBW which experiences the greatest overlap with the lowest IMD order;
· Test Point #2) Specify the range of Wgap for which the best case (lowest) MSD is reached.
For intra-band contiguous EN-DC:
· For each distinct Uplink Aggressor CBW, only specify the worst-case (highest) MSD test point. This corresponds to the collision of the lowest victim’s CBW which experiences the greatest overlap with the lowest IMD order.

We illustrate in Figure 2 and in Figure 3  the test point reduction that may be achieved by applying proposal 1 to the DC_2A_n2A test points (from Table 7.3B.3.2-2) , and to the DC_(n)5AA test points respectively.
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[bookmark: _Ref71576856]Figure 2: Example of DC_2A_n2A (Table 7.3B.3.2-2) optimization following proposal 1. Left Rel-17.1.0 current table, right: table after optimization.

In Figure 2-left, only the pairs of test points highlighted in red are sufficient. These cases are pairs per UL CBW which maximize the victim’s MSD. They are also the cases where the lowest victim’s CBW experiences the greatest overlap with the lowest IMD order. 
In Figure 2-right, the number of test points is reduced from 16 to 4, i.e. a factor x4 reduction may be achieved.
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[bookmark: _Ref71577200]Figure 3: Example of DC_(n)5AA (Table 7.3B.2.1-1) optimization following proposal 1. Left Rel-17.1.0 current table, right: table after optimization.

In Figure 3-left, are highlighted:
· In red, the 15MHz UL CBW aggressor test points. 
The test point highlighted in dashed red lines represents a near identical IMD landscape collision case than the test case highlighted in plain lines. The case in plain lines experiences a full IMD5 overlap, while that in dashed line experiences a near 90% IMD5 overlap. Both test points lead to the same MSD level, and represent nearly the same IMD landscape. According to proposal 1, the lowest victim’s channel bandwidth that has maximum overlap with the lowest IMD order is 10MHz CBW, i.e. plain line test point.

· In blue, the 10MHz UL CBW aggressor test points.
The test points highlighted in dashed blue lines are cases of victim’s CBW of 10MHz. They do not represent the IMD landscape that leads to worst case MSD because they both correspond to the case where IMD7 and IMD9 collide with the victim’s CBW. On the contrary, the test point highlighted in plain blue line is the case where an IMD5 overlaps the victim’s CBW, so only this test point is sufficient.

In Figure 3-right, the reduction of test points is modest compared to Figure 2: from 7 pairs to 4 pairs, i.e. a near 40% reduction in the number of MSD test points.

Observation 2: Adopting proposal 1 may bring a significant reduction of single UL REFSENS/MSD test points for both intra-band non-contiguous Table 7.3B.3.2-1 / Table 7.3B.3.2-2 (factor x4 reduction in the example) and for intra-band contiguous Table 7.3B.2.1-1 (40% reduction in the example).

Finally, considering there are more intra-band EN-DC cases with only single switched uplink operation being supported than with mandatory dual uplink, and considering that for receiver CBW less than 20MHz there is little difference in REFSENS levels between NR 15kHz SCS and LTE, we would like to make one additional proposal to further reduce the number of redundant test points for single UL REFSENS.



Proposal 2: For Rel-17 single UL REFSENS MSD test points,

For intra-band non-contiguous:
· For all mirror cases of table 7.3B.3.2-2 (NR=aggressor), do not specify the NR MSD test points in table 7.3B.3.2-1 (LTE = aggressor). A mirror case is a case where the CBW permutations are identical, the only change is a swap of Aggressor / Victim (LTE NR).
· MSD test points may be specified in table 7.3B.3.2-1 (LTE = aggressor) only if mirror the MSD test points are not specified in table 7.3B.3.2-2 (NR=aggressor).

For intra-band contiguous:
· Only specify single UL REFSENS test point where NR is the aggressor and LTE the victim.

Figure 4 shows how the number of test points for DC_3A_n3A from Table 7.3B.3.2-1 may be reduced following proposal 2 guidelines. The test points that are kept are those for which no MSD is specified in Table 7.3B.3.2-2. All other test points are redundant and may be removed. Proposal 2 may reduce the number of test points from 44 to 13, i.e. by a factor 3.3.
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[bookmark: _Ref71580396]Figure 4: Example of DC_3A_n3A (Table 7.3B.3.2-1) optimization following proposal 2.
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Conclusion
In this paper, we make further optimization proposals based on WF [1] recommendations as we propose:
Proposal 1: Only for single UL intra-band REFSENS MSD test points, and only in future Rel-17 intra-band EN-DC combinations or for future intra-band EN-DC BCS updates, adopt WF [1] agreement for the selection of the UL aggressor RB configuration with the additional optimization:

For intra-band non-contiguous EN-DC:
· For each distinct Uplink Aggressor CBW, only specify one pair of test points:
· Test Point #1) Specify the range of Wgap for which the worst-case (highest) MSD is reached. This corresponds to the collision of the lowest victim’s CBW which experiences the greatest overlap with the lowest IMD order,
· Test Point #2) Specify the range of Wgap for which the best case (lowest) MSD is reached,

For intra-band contiguous EN-DC:
· For each distinct Uplink Aggressor CBW, only specify the worst-case (highest) MSD test point. This corresponds to the collision of the lowest victim’s CBW which experiences the greatest overlap with the lowest IMD order.

Proposal 2: For Rel-17 single UL REFSENS MSD test points,

For intra-band non-contiguous:
· For all mirror cases of table 7.3B.3.2-2 (NR=aggressor), do not specify the NR MSD test points in table 7.3B.3.2-1 (LTE = aggressor). A mirror case is a case where the CBW permutations are identical, the only change is a swap of Aggressor / Victim (LTE NR).
· MSD test points may be specified in table 7.3B.3.2-1 (LTE = aggressor) only if mirror the MSD test points are not specified in table 7.3B.3.2-2 (NR=aggressor).

For intra-band contiguous:
· Only specify single UL REFSENS test point where NR is the aggressor and LTE the victim.
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