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[bookmark: _Toc116995841]Introduction
In RAN4#107 WG meeting, eRedCap UE RF requirements were discussed. Continuing the discussion, we express our views regarding the open issues in this document. Mentioned below are the open issues identified in the RAN4#107 WG meeting [1].
	· Issue 1-3-1: REFSENS of eRedcap UE ( BW3/PR3 + PR1) for wider channel BW (FDD band) 
· 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 + PR1) 
· The RF performance is the same with legacy RedCap UE when scheduling is the same
· For REFSENS of eRedCap (BW3/PR3 + PR1) FDD band
· Option 1: Investigate if new REFSENS of eRedCap (BW3/PR3 + PR1) 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 : 
· At least n5, 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 
· 2B: 25 contiguous RB placed in middle of channel BW both in UL and DL 
· 2C: UL on edge, DL with nominal duplex distance away
· 2D: other option not excluded
. Issue 1-3-4: REFSENS of eRedcap UE ( BW3/PR3 + PR1) for wider channel BW (TDD band) 
· Proposals:
· Option 1 :
· For TDD bands, the REFSENS requirements currently specified for RedCap UE at 5MHz channel BW can be directly applied to eRedCap UE for all RF channel BWs up to 20MHz, including both 2Rx and 1Rx requirements.
· For TDD bands with minimum channel bandwidth at 10MHz, the REFSENS requirements for eRedCap UE can be scaled by the DL PRB ratio between eRedCap UE and RedCap UE at 10MHz channel bandwidth.
· Option 2: TBA




[bookmark: _Toc116995842]Discussion
RB allocation scheme for REFSENS in FDD band
In case of Rel-18 eRedCap UE capable of BW3/PR3 + PR1, there is a difference between the RF channel bandwidth and the used bandwidth for PDSCH or PUSCH. The RF channel bandwidth can be 20 MHz for FR1 but the maximum number of PRBs allocated is still 25 in case of 15 KHz SCS. This leads to a question that for which PRB placement, the receiver specification should be defined. This issue has been discussed over several meetings now and no consensus has been achieved.
In this document we present our simulation results along with some observations and proposals regarding the PRB allocation issue. UE RF simulations were done to evaluate the leaked RF power seen in the receive channel because of UEs own transmission. Given that eRedCap UE is limited to 25 PRBs in case of 15 KHz SCS, TX leakage power is measured over only 25 PRBs irrespective of the channel bandwidth used for the UL. The spectrum pictures showed later, depicts the DL allocation by a black rectangle. Further, the duplexer isolation assumed is just for reference. Table 1 shows the common simulation parameters which are used for the simulations.
[bookmark: _Ref141784336]Table 1 Common simulation parameters
	Parameter
	Value

	Band
	n71

	SCS
	15 KHz

	Duplexer isolation
	50 dB

	PC
	3



Case 1: DL allocation is on the edge closest to UL. UL allocation is also on the edge closest to DL. Nominal duplex spacing is not maintained. This represents the possible worst-case allocation. In this allocation scheme, with the increasing uplink bandwidth, the leaked transmitted power seen at the receiver will increase because of the LO and image signal. Further, the leaked power levels are much higher compared to the REFSENS value as mentioned in the specifications. This implies that TX leakage will become the dominant factor in determining the REFSENS.
[bookmark: _Toc142651589]With the increasing UL channel BW, the TX leakage power seen at the receiver will increase drastically. 
[bookmark: _Toc142651590]TX leakage power will become the dominant factor for determining the REFSENS. 
[bookmark: _Toc142651591]REFSENS values for other bands would have to be recalculated for Case 1 PRB allocation scheme.

Table 2 Integrated TX leakage power for Case 1.
	[bookmark: _Hlk141285809]UL CBW 
	5 MHz
	10 MHz
	15 MHz
	20 MHz

	TX leakage power (dBm)
	-88
	-87.6
	-81
	-72.8

	REFSENS
	-97.2
	-94
	-91.6
	-86



Table 3 Power spectrum seen at the receiver for Case 1.
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Case 2: DL allocation is on the edge closest to UL. UL allocation is also on the edge closest to DL. Nominal duplex spacing is maintained. Here too, the transmitted power seen at the receiver will increase because of the LO and image signal.  However, since the duplex spacing is maintained, the increase in the leaked TX power is not as dramatic as in case 1. Given the difference between the leaked TX power levels and the REFSENS levels, it is safe to assume that with this allocation scheme, there is no need to reevaluate the REFSESN values.
[bookmark: _Toc142651592]With the increasing UL channel BW, the leaked TX power seen at the receiver will increase marginally. 
[bookmark: _Toc142651593]With increasing channel bandwidth, impact of LO leakage, image, and third and higher order modulation components will be seen.
[bookmark: _Toc142651594]No need to reevaluate the current REFSENS values for the Case 2 PRB allocation scheme.
Table 4 Integrated TX leakage power for Case 2.
	UL CBW 
	5
	10
	15
	20

	TX leakage power (dBm)
	-120.4
	-119.9
	-118.9
	-113.4

	REFSENS
	-97.2
	-94
	-91.6
	-86



Table 5 Power spectrum seen at the receiver for Case 2.
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Case 3: DL and UL allocations are at the center of the channel. In this allocation scheme, there is no change in the uplink and downlink position with the changing channel bandwidth. Given the lack of leaked LO and image signal, there is no change in the leaked TX power with increasing channel bandwidth. Given the difference between the leaked TX power levels and the REFSENS levels, it is safe to assume that with this allocation scheme, there is no need to reevaluate the REFSESN values.
[bookmark: _Toc142651595]With the increasing UL channel BW, there is practically no change in the leaked TX power seen at the receiver. 
[bookmark: _Toc142651596]RF impairments like LO leakage, image rejection, and third and higher order inter-modulation components between image and desired signal will not be seen at all.
[bookmark: _Toc142651597]No need to reevaluate the current REFSENS values for Case 3 PRB allocation scheme.

Table 6 Integrated TX leakage power for Case 3.
	UL CBW 
	5
	10
	15
	20

	TX leakage power (dBm)
	-120.4
	-120.4
	-118.9
	-120.5

	REFSENS
	-97.2
	-94
	-91.6
	-86



Table 7 Power spectrum seen at the receiver for Case 3.
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[bookmark: _Toc142651598]Based on all of the above discussion, following observations and proposals are made.
[bookmark: _Toc142651599]If PRB allocation scheme defined in Case 1 is used, the REFSENS must be reevaluated for different bands and channel bandwidth, leading to an unreasonable amount of work for RAN4. 
[bookmark: _Toc142651600]PRB allocation scheme defined in Case 3 hides the performance of UE regarding LO leakage, image cancellation and other issues. 
[bookmark: _Toc142651601]There is no need to reevaluate REFSENS for PRB allocation scheme defined in Case 2. Further, it does not hide the issues caused by LO leakage, image rejection etc.
[bookmark: _Toc142651602]The PRB allocation scheme as defined in Case 2 i.e., DL allocation is on the edge closest to UL, UL allocation is also on the edge closest to DL, while maintaining nominal duplex spacing, shall be used.
REFSENS for TDD bands
For TDD bands, as there is no interference from self-transmission, only the receiver chain impairments are responsible for REFSENS. Further, the PRB allocation used for FDD bands can be the same as used in FDD REFSENS test case. We support Option 1 as listed in WF for the TDD bands, repeated below for clarification [1].
	Issue 1-3-4: REFSENS of eRedcap UE ( BW3/PR3 + PR1) for wider channel BW (TDD band) 
· Proposals:
· Option 1 :
· For TDD bands, the REFSENS requirements currently specified for RedCap UE at 5MHz channel BW can be directly applied to eRedCap UE for all RF channel BWs up to 20MHz, including both 2Rx and 1Rx requirements.
· For TDD bands with minimum channel bandwidth at 10MHz, the REFSENS requirements for eRedCap UE can be scaled by the DL PRB ratio between eRedCap UE and RedCap UE at 10MHz channel bandwidth.
· Option 2: TBA



[bookmark: _Toc142651603]We support Option 1 as listed in the WF for TDD bands [1]. 
[bookmark: _Toc142651604]Same PRB allocation scheme can be used for testing REFSENS for TDD as agreed for FDD bands.
FRC for Maximum input level receiver requirements
As the maximum peak rate is now fixed to 10 Mbps [2], the FRC being used for maximum input level receiver requirements can be updated to reflect the updated peak rate and maximum PRBs allowed. We would prefer to reduce the allocated resource blocks and would not like to change the MCS.
[bookmark: _Toc142651605]Table A.3.2.2-1, A.3.2.2-2, A.3.2.3-1, A.3.2.3-2, A3.3.2-1, A3.3.2-2, A3.3.3-1, and A.3.3.3-2 can be updated to reflect the peak 10 Mbps rate. 
[bookmark: _Toc142651606]Change only the number of allocated resource blocks to reduce the max throughput. 
[bookmark: _Toc142651607]Table A.3.2.2-1 shall be changed to use 25 PRBs for 10, 15, and 20 MHz columns.
[bookmark: _Toc142651608]Table A.3.2.2-2 shall be changed to use 12 PRBs for 5, 10, 15, and 20 MHz columns.
[bookmark: _Toc142651609]Table A.3.2.3-1 shall be changed to use 25 PRBs for 10, 15, and 20 MHz columns. 
[bookmark: _Toc142651610]Table A.3.2.3-2 shall be changed to use 12 PRBs for 5, 10, 15, and 20 MHz columns. 
[bookmark: _Toc142651611]Table A.3.3.2-1 shall be changed to use 25 PRBs for 10, 15, and 20 MHz columns.
[bookmark: _Toc142651612]Table A.3.3.2-2 shall be changed to use 12 PRBs for 5, 10, 15, and 20 MHz columns.
[bookmark: _Toc142651613]Table A.3.3.3-1 shall be changed to use 25 PRBs for 10, 15, and 20 MHz columns.
[bookmark: _Toc142651614]Table A.3.3.3-2 shall be changed to use 12 PRBs for 5, 10, 15, and 20 MHz columns.
[bookmark: _Toc116995848]Conclusion
In this paper we provided RF simulation results showing the leaked TX RF power as seen in the receive band for different uplink and downlink PRB allocation schemes. Based on those results, we have also provided our preference for the PRB allocation scheme.
In the paper, the following Observations and Proposals were made:
Observation 1: With the increasing UL channel BW, the TX leakage power seen at the receiver will increase drastically.
Observation 2: TX leakage power will become the dominant factor for determining the REFSENS.
Observation 3: REFSENS values for other bands would have to be recalculated for Case 1 PRB allocation scheme.
Observation 4: With the increasing UL channel BW, the leaked TX power seen at the receiver will increase marginally.
Observation 5: With increasing channel bandwidth, impact of LO leakage, image, and third and higher order modulation components will be seen.
Observation 6: No need to reevaluate the current REFSENS values for the Case 2 PRB allocation scheme.
Observation 7: With the increasing UL channel BW, there is practically no change in the leaked TX power seen at the receiver.
Observation 8: RF impairments like LO leakage, image rejection, and third and higher order inter-modulation components between image and desired signal will not be seen at all.
Observation 9: No need to reevaluate the current REFSENS values for Case 3 PRB allocation scheme.
Based on all of the above discussion, following observations and proposals are made.
Observation 10: If PRB allocation scheme defined in Case 1 is used, the REFSENS must be reevaluated for different bands and channel bandwidth, leading to an unreasonable amount of work for RAN4.
Observation 11: PRB allocation scheme defined in Case 3 hides the performance of UE regarding LO leakage, image cancellation and other issues.
Observation 12: There is no need to reevaluate REFSENS for PRB allocation scheme defined in Case 2. Further, it does not hide the issues caused by LO leakage, image rejection etc.
Proposal 1: The PRB allocation scheme as defined in Case 2 i.e., DL allocation is on the edge closest to UL, UL allocation is also on the edge closest to DL, while maintaining nominal duplex spacing, shall be used.
Proposal 2: We support Option 1 as listed in the WF for TDD bands [1].
Proposal 3: Same PRB allocation scheme can be used for testing REFSENS for TDD as agreed for FDD bands.
Observation 13: Table A.3.2.2-1, A.3.2.2-2, A.3.2.3-1, A.3.2.3-2, A3.3.2-1, A3.3.2-2, A3.3.3-1, and A.3.3.3-2 can be updated to reflect the peak 10 Mbps rate.
Proposal 4: Change only the number of allocated resource blocks to reduce the max throughput.
Proposal 5: Table A.3.2.2-1 shall be changed to use 25 PRBs for 10, 15, and 20 MHz columns.
Proposal 6: Table A.3.2.2-2 shall be changed to use 12 PRBs for 5, 10, 15, and 20 MHz columns.
Proposal 7: Table A.3.2.3-1 shall be changed to use 25 PRBs for 10, 15, and 20 MHz columns.
Proposal 8: Table A.3.2.3-2 shall be changed to use 12 PRBs for 5, 10, 15, and 20 MHz columns.
Proposal 9: Table A.3.3.2-1 shall be changed to use 25 PRBs for 10, 15, and 20 MHz columns.
Proposal 10: Table A.3.3.2-2 shall be changed to use 12 PRBs for 5, 10, 15, and 20 MHz columns.
Proposal 11: Table A.3.3.3-1 shall be changed to use 25 PRBs for 10, 15, and 20 MHz columns.
Proposal 12: Table A.3.3.3-2 shall be changed to use 12 PRBs for 5, 10, 15, and 20 MHz columns.
[bookmark: _Toc116995849]
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