[bookmark: _Toc436619014][bookmark: _Toc436619251][bookmark: _Toc451844181][bookmark: _Toc466346620][bookmark: _Toc466348853][bookmark: _Ref137568543]3GPP TSG-RAN WG4 Meeting #108	 R4-2311147
Toulouse, France, 21 – 25 August 2023

Source:	Skyworks Solutions, Inc.
Title:	eRedCap REFSENS
Agenda item:			8.31.1 UE RF requirements [NR_redcap_enh-Core]	
Document for:		Approval
1. Introduction
This contribution presents our views on the list of options agreed at meeting #107 in WF [1] for eRedCap REFSENS.
[bookmark: _Toc443593759][bookmark: _Toc460338137][bookmark: _Toc492043890][bookmark: _Toc492044144][bookmark: _Toc494295307]2. Discussion
It was agreed at last meeting to further discuss eRedCap REFSENS requirements based on the following list of options agreed in WF [1]:[image: A screenshot of a computer
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With regard to Option 2, below is our understanding of proponents' concerns:
· Proponents of Options 2A and 2C seem to be motivated by concerns of REFSENS variability vs downlink (DL) resource block's (RB) position within the DL carrier CBW, i.e. by concerns that option 2B may not reflect the worst-case REFSENS test point.
· Proponents of Option 2B are motivated by concerns to minimize the complexity of the technical specifications (TS) by re-using as much as possible the legacy agreed REFSENS requirements. 
This document presents our views by first reminding how legacy REFSENS requirements have been derived FDD bands.
2.1 Reminder on RAN4 way of deriving REFSENS requirements in FDD bands.
In FDD bands with small Tx-Rx frequency distance separation relative to the uplink (UL) channel bandwidth (CBW):
· REFSENS is always specified for a fully allocated DL channel;
· The UL transmitter noise that affects the DL carrier through limited duplexer Tx-Rx isolation may exhibit non-flat power spectral density (PSD) profile across the DL carrier, in other words, the UL noise PSD may decay vs. frequency offset from the UL band. 

We present in Figure 1 A,B,C,D and G  measurements of a power amplifier (PA) noise PSD for band n71 for 5MHz,10MHz,15MHz, 20MHz and 35MHz DL CBW using RAN4 "usual" impairments and front-end assumptions:
· Post-PA insertion losses: 4dB;
· Tx power: 23dBm;
· Impairments: -28dB Local Oscillator (LO) leakage, -28dB Image Rejection (IR), -60dB cC-IM3, -70dBc C-IM5.
· UL RB allocation "UL LCRB" according to Table 7.3.2-3 band n71 REFSENS requirements.
· Table 1 below summarizes the example of band n28 and band n71 agreed UL LCRB and corresponding self-desense at SCS 15 (kHz).

Figures 1-E and F are omitted to minimize the size of this contribution.

[bookmark: _Ref142485317]Table 1 Example of band n71 UL configuration for SCS 15kHz REFSENS and calculated UE self-desense.
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Key observations from Figure 1: the greater the CBW, the higher the Tx excess noise leakage affecting the DL carrier, hence:
· The UE self-desense may increase vs CBW. Table 1 shows this is the case for band n71 for CBW greater than 15MHz. 
· Due to the PA noise PSD decay vs. frequency offset, the level of interference experienced by the DL RBs positioned closest to the UL band may be much higher than the level of interference experienced by any other DL RB.
· Regarding the UL RB allocation, in most cases the UL LCRB is specified such that the UL interference affecting the DL band is close to its minimum. This is illustrated in the measurement data of Figure 2, where the band n28 UL LCRB of 25RBs corresponds nearly to the minimum integrated Tx noise level. Therefore,from the point of view of interference level and self-desense, the legacy REFSENS requirements for enhanced mobile broadband (eMBB) may not represent the worst-case scenario.
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[bookmark: _Ref142485040]Figure 1-A,B,C,D,G: Measured band n71 PA noise PSD affecting own DL RBs. Left: zoom on DL channel.
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Figure 2  Measured PA noise vs UL LCRB for band n28 30MHz CBW, UL RB placed closest to the DL band.

Observation 1: In FDD bands with small Tx-Rx frequency distance separation relative to the UL CBW, 
1. eMBB REFSENS requirements are specified for fully allocated DL carriers;
2. The PA noise may exhibit a PSD which decays vs the frequency offset from the UL band, i.e. the UL noise PSD may not be assumed flat across the UE own DL channel;
3. As the CBW is increased, the total integrated UL transmitter noise in the DL carrier CBW may increase, leading to self-desense;
4. In the case de-sense occurs due to Tx excess noise leakage:
a) DL RBs positioned closest to the UL band may experience a much higher level of interference than any other DL RB;
b) The variability of DL RB desense vs RB offset position in the DL carrier is not specified for eMBB. This effect is somehow "averaged" since the derivation of REFSENS is based on integrating the Tx noise across the measurement bandwidth of a fully allocated DL carrier;
c) RAN4 REFSENS requirements may not represent the worst-case scenario since in such challenging FDD bands, the agreed UL LCRB often corresponds to the minimum Tx noise level.
2.2 eRedCap REFSENS requirements
In this section, we capture our views for each of the WF [1] option 2:
· Option 2A "Interlace FRC: Distribute the 25 RB within 106 RB grid:"
To our understanding, Option 2A would verify the UE conformance in test conditions that would not be used in commercial networks. For these reasons we believe Option 2A should be discarded.
Observation 2: to our understanding, Option 2A would verify the eRedCap REFSENS in test conditions that are not representative of commercial network deployments.
· Option 2C "UL on edge, DL with nominal duplex distance away:"
Our understanding of Option 2C is illustrated with measurement data for band n71 in Figure 3 where we distinguish two cases for UL/DL 20MHz CBW. 
· Figure 3-A: case where the eRedCap UE is configured to modulate an UL allocation of Lcrb = 25 (RBstart=0) in the equivalent of an UL bandwidth part of 5MHz, i.e., its local oscillator is centered in the middle of the UL RB allocation. Due to lack of time, we are not able to present measurement data for UL LCRB=20, but we believe this data is sufficient for illustration purposes. This configuration may lead optimized power consumption and minimum Tx noise leakage since the effect of the UL RB image is minimized.
· Figure 3-B: case where the eRedCap UE is configured to modulate the UL Lcrb = 20 (RBstart=0) in a full 20MHz UL carrier, i.e., its local oscillator is centered in the middle of the channel. This configuration may lead to higher power consumption due to higher sampling clock rate required to support a 20MHz CBW. It  may also lead to higher Tx noise in Rx band due to intermodulation distortion products of UL RB with its image.

In Figure 3: 
· F1, F2 and F3 represent the center frequency of three hypothetical contiguous DL blocks of LCRB=25RBs at SCS 15 (kHz). F1 is the block furthest away from the UL band. Our understanding  is that F2 corresponds to option 2C, i.e. DL block at the nominal duplex distance, and F3 corresponds to the block closest to the UL band.
· The black horizontal line in Figure 3-A represents approximately the average noise level affecting block "F1." It corresponds to the level that the DL carrier would experience under the 5MHz CBW REFSENS test conditions. This baseline level is copied into Figure 3-B for comparison purposes.
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Description automatically generated]Figure 3 WF [1] option 2C case A (top) vs case (B) (bottom). Left: zoom on DL channel.

By comparing the levels in block F1, F2, F3 between case A and case B of Figure 3, we observe:
· The noise level in block F1 is nearly identical for Case A and Case B. The small difference can be explained by smaller RB allocation in the case B measurement than in Case A,
· The noise level in block F2 is higher than the noise level in block F1 in both cases. This means that option 2C requires REFSENS re-evaluation and that the 5MHz legacy REFSENS levels cannot be re-used.
· The noise level in block F3 is higher to the level experienced by any other block. It can be seen this configuration which may have been considered for option 2D, would also require REFSENS re-evaluation.
Observation 3: the eRedCap REFSENS dependency on DL RB block position relative to the UL band is similar to that observed for eMBB REFSENS studies: the block of DL RBs which is closest to the UL band experiences a higher level of Tx noise interference than any other DL block.
Observation 4: Option 2C requires re-evaluation of REFSENS.
·  Option 2B "25 contiguous RB placed in middle of channel BW both in UL and DL"
Option 2B is illustrated in Figure 4 with DL block F2. For comparison purposes, we have copied the baseline level "black-line". The level of interference experienced by block F2 is identical to that of the 5MHz CBW REFSENS test conditions. Option 2B allows re-using the legacy agreed 5MHz REFSENS levels for eRedCap UEs.
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[bookmark: _Ref142497801]Figure 4 WF [1] option 2B - Left: zoom on DL channel.
Observation 5: Option 2B does not requires re-evaluation of REFSENS for eRedCap UEs. It enables re-using the legacy agreed eMBB 5MHz REFSENS levels for eRedCap.
Based on observations 1,2,3,4,5, we propose to adopt option 2B.
Proposal: Adopt Option 2B to derive the eRedCap REFSENS requirements. This option avoids revisiting REFSENS requirements, it allows re-using the legacy REFSENS agreements.
3. Conclusion
In this contribution, we propose to adopt the WF [1] Option 2 to derive the eRedCap UE REFSENS requirements based on based on observations 1,2,3,4,5.
Observation 1: In FDD bands with small Tx-Rx frequency distance separation relative to the UL CBW, 
5. eMBB REFSENS requirements are specified for fully allocated DL carriers;
6. The PA noise may exhibit a PSD which decays vs the frequency offset from the UL band, i.e., the UL noise PSD may not be assumed flat across the UE own DL channel;
7. As the CBW is increased, the total integrated UL transmitter noise in the DL carrier CBW may increase, leading to self-desense;
8. In the case de-sense occurs due to Tx excess noise leakage:
d) DL RBs positioned closest to the UL band may experience a much higher level of interference than any other DL RB;
e) The variability of DL RB desense vs RB offset position in the DL carrier is not specified for eMBB. This effect is somehow "averaged" since the derivation of REFSENS is based on integrating the Tx noise across the measurement bandwidth of a fully allocated DL carrier;
f) RAN4 REFSENS requirements may not represent the worst-case scenario since in such challenging FDD bands, the agreed UL LCRB often corresponds to the minimum Tx noise level.
Observation 2: our understanding is that Option 2A would verify the eRedCap REFSENS in test conditions that are not representative of commercial network deployments.
Observation 3: the eRedCap REFSENS dependency on DL RB block position relative to the UL band is similar to that observed for eMBB REFSENS studies: the block of DL RBs which is closest to the UL band experiences a higher level of Tx noise interference than any other DL block.
Observation 4: Option 2C requires re-evaluation of REFSENS.
Observation 5: Option 2B does not requires re-evaluation of REFSENS for eRedCap UEs. It enables re-using the legacy agreed eMBB 5MHz REFSENS levels for eRedCap.
Proposal: Adopt Option 2B test to derive the eRedCap REFSENS requirements. This option avoids revisiting REFSENS requirements, it allows re-using the legacy REFSENS agreements.
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W There is no scheduling restriction on DL and UL RB position, the scheduling restriction on RB number and position is according to eRedCap type
(BW3/PR3 +PRI)

W The RF performance is the same with legacy RedCap UE when scheduling is the same.
W For REFSENS of eRedCap (BW3/PR3 + PR1) FDD band
# Option I: Investigate if new REFSENS of eRedCap. (BW3/PR3 + PRI) is needed:
@ FFS on how study on UE REFSENS performance with below parameters helps to decide whether new REFSENS test point is needed
The band to be investigated as starting point: n71
‘UL configuration is the same with legacy RedCap test condition
25 RB is placed at the channel edge with the closest distance to the UL allocation

Bands that would need to be studied if option 2 is not followed -
W AtleastnS, n8, n12, n20, n26, n28, n71, n85, and n105, other bands not excluded
™ TBD on study and impact on all concerned bands

# Option 2: Derive the eRedCap REFSENS based on legacy REFSENS with additional modification on test conditions. Options for
modification are below

@ 2A:Interlace FRC.- Distribute the 25 RB within 106 RB grid > counter intuitive to force a Redcap UE which is optimized for low power
consumption to operate over full 20MHz DL CBW while it could demodulate 25RB in SMHz BW at a lower sampling clock rate and lower
‘power consumption. Also questionable if such conformance test point would be reflective of commercial network deployments. For example,
‘how would eRedcap.scheduled with DL interlace waveform co-exist with eMMB traffic?

@ 2B:25 contiguous RB placed in middle of channel BW both in UL and DL. By far the preferred option since REFSENS can be easily derived
‘based on legacy REFSENS agreements

@ 2C: UL on edge, DL with nominal duplex distance away: requires revisiting all legacy REFSENS levels band per band. This proposal does not
solve any issue that s not already in the field today in commercial networks. For a given UL RB configuration and UL CBW, the DL
REFSENS per RB may differ depending on DL RBstart position. This scheduler concern is no different for eMB than for eRedcap.

@ 2D: other option not excluded
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