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Introduction
In this contribution, we present our view on the remaining RF issues for Rel-18 RedCap WI.  
Discussion
In WF [1],  one key open issue is how to specify the 2 Rx REFSENS for the eRedCap UE. As one type of the eRedCap UE limit the RB allocation number for PDSCH and PUSCH, RAN4 agrees to specify the new REFSENS for such eRedCap UE but how to derive the REFSENS remain to be agreed.
The main concern is the de-sensitization for REFSENS due to Tx leakage for FDD band. When the RF bandwidth increase, the Tx-Rx frequency distance between allocated Tx RB within Tx channel and Rx RB allocation within Rx channel could be less than nominal duplex distance which defined as centre for the Tx channel to the centre of the Rx channel. The reduced Tx-RX distance may result in higher Tx leakage in the Rx band due to the limited isolation which is combined with Tx BPF filer and RX BFP filter (when Tx signal leakage to Rx port through duplex, there are two frequency responses by Tx and Rx filter, assuming other isolation perfect). The Rx de-sens due to the limited isolation is evaluated in the legacy NR REFSENS and additional de-sens relaxation has been considered. For the FDD band of BW=5MHz, there is little impact for de-sens, while for higher BW than 5MHz, the Tx leakage de-sensitization may depend on the duplex distance and channel bandwidth.  There are several mechanisms for Rx de-sensitization due to Tx transmission, for example, Tx OOB emission in Rx band, Tx leakage self-mixing, reciprocal mixing, DC offset or gain compression or others. In our view, there is no need to evaluate the de-sensitization factors for eRedCap as such has been done for legacy FDD band. To do so, the noise due to the Tx leakage should be assumed flat over the Receiver RF bandwidth. In this way, the de-sensitization factor can be scaled with RB size and RB allocation position is irrelevant.
[bookmark: _Ref134525038]Assume the noise in Rx bandwidth due to the Tx transmission impairment is flat for eRedCap de-sens analysis.

For legacy FDD band, the Rx de-sentization relaxation can be derived with the formular below for 15kHz SCS:
Rx de-sensitization of CBW of 15kHz SCS = CBW REFSENS of 15kHz SCS– ( 5MHz REFSENS of 15kHz SCS + 10log(N_RB/25)), where N_RB is the maximum RB allocation for the CBW of 15kHz SCS.
the Rx de-sentization relaxation can be derived with the formular below for 30kHz SCS:
      Rx de-sensitization of CBW of 30kHz SCS = CBW REFSENS of 30kHz SCS – ( 5MHz REFSENS of 15kHz SCS + 10log(N_RB*2/25)), where N_RB is the maximum RB allocation for the CBW of 30kHz SCS.

		Table 1: Rx de-sensitization factor for different BW (Refer to Table 7.3.2-1a for REFSENS)
	Operating Band
	SCS kHz
	5
MHz
(dBm)
	10
MHz
	15
MHz
	20
MHz

	
	
	
	REFSENS
(dBm)
	de-sensitization
(dB)
	REFSENS
(dBm)
	de-sensitization
(dB)
	REFSENS
(dBm)
	de-sensitization
(dB)

	n1
	15
	-100.0
	-96.8
	0.0194
	-95.0
	0.0031
	-93.8
	-0.0737

	
	30
	
	-97.1
	0.0670
	-95.1
	0.0713
	-94.0
	-0.1066

	n2
	15
	-98
	-94.8
	0.0194
	-93
	0.0031
	-91.8
	-0.0737

	
	30
	
	-95.1
	0.0670
	-93.1
	0.0713
	-92
	-0.1066

	n3
	15
	-97.0
	-93.8
	0.0194
	-92.0
	0.0031
	-90.8
	-0.0737

	
	30
	
	-94.1
	0.0670
	-92.1
	0.0713
	-91.0
	-0.1066

	n5
	15
	-98.0
	-94.8
	0.0194
	-93.0
	0.0031
	-86.8
	4.9263

	
	30
	
	-95.1
	0.0670
	-93.1
	0.0713
	-88.6
	3.2934

	n71
	15
	-98.0
	-94.8
	0.0194
	-93.0
	0.0031
	-91.8
	-0.0737

	
	30
	
	-95.1
	0.0670
	-93.1
	0.0713
	-92.0
	-0.1066

	n8
	15
	-97.0
	-93.8
	0.0194
	-91.4
	0.6031
	-85.8
	4.9263

	
	30
	
	-94.1
	0.0670
	-91.7
	0.4713
	-87.2
	3.6934

	n12
	15
	-97.0
	-93.8
	0.0194
	-84.0
	8.0031
	
	

	
	30
	
	-94.1
	0.0670
	-84.1
	8.0713
	
	

	n13
	15
	-97.0
	-93.8
	0.0194
	
	
	
	

	
	30
	
	-94.1
	0.0670
	
	
	
	

	n14
	15
	-97.0
	-93.8
	0.0194
	
	
	
	

	
	30
	
	-94.1
	0.0670
	
	
	
	

	n18
	15
	-100.0
	-96.8
	0.0194
	-95.0
	0.0031
	
	

	
	30
	
	-97.1
	0.0670
	-95.1
	0.0713
	
	

	n20
	15
	-97.0
	-93.8
	0.0194
	-91.0
	1.0031
	-89.8
	0.9263

	
	30
	
	-94.1
	0.0670
	-91.1
	1.0713
	-90.0
	0.8934

	n24
	15
	-100.0
	-96.8
	0.0194
	
	
	
	

	
	30
	
	-97.1
	0.0670
	
	
	
	

	n25
	15
	-96.5
	-93.3
	0.0194
	-91.5
	0.0031
	-90.3
	-0.0737

	
	30
	
	-93.6
	0.0670
	-91.6
	0.0713
	-90.5
	-0.1066

	n26
	15
	-97.56
	-94.56
	-0.1806
	-92.76
	-0.1969
	-87.6
	3.6263

	
	30
	
	-94.86
	-0.1930
	-92.76
	-0.0887
	-87.7
	3.6934

	n28
	15
	-98.5
	-95.5
	-0.1806
	-93.5
	0.0031
	-90.8
	1.4263

	
	30
	
	-95.6
	0.0670
	-93.6
	0.0713
	-91.0
	1.3934

	n30
	15
	-99.0
	-95.8
	0.0194
	
	
	
	

	
	30
	
	-96.1
	0.0670
	
	
	
	

	n65
	15
	-99.5
	-96.3
	0.0194
	-94.5
	0.0031
	-93.3
	-0.0737

	
	30
	
	-96.6
	0.0670
	-94.6
	0.0713
	-93.5
	-0.1066

	n66
	15
	-99.5
	-96.3
	0.0194
	-94.5
	0.0031
	-93.3
	-0.0737

	
	30
	
	-96.6
	0.0670
	-94.6
	0.0713
	-93.5
	-0.1066

	
	15
	-100.0
	-96.8
	0.0194
	-95.0
	0.0031
	-93.8
	-0.0737

	n70
	30
	
	-97.1
	0.0670
	-95.1
	0.0713
	-94.0
	-0.1066

	n71
	15
	-97.2
	-94.0
	0.0194
	-91.6
	0.6031
	-86.0
	4.9263

	
	30
	
	-94.3
	0.0670
	-91.9
	0.4713
	-87.4
	3.6934

	n74
	15
	-99.53
	-96.33
	0.0194
	-94.53
	0.0031
	-89.33
	3.9263

	
	30
	
	-96.63
	0.0370
	-94.63
	0.0413
	-89.53
	3.8634

	n85
	15
	-97.0
	-93.8
	0.0194
	-84.0
	8.0031
	
	

	
	30
	
	-94.1
	0.0670
	-84.1
	8.0713
	
	

	n100
	15
	-100
	
	
	
	
	
	

	n105
	15
	-97.28
	-94.0
	0.0194
	-91.6
	0.6031
	-86.9
	4.0263

	
	30
	
	-94.3
	0.0670
	-91.9
	0.4713
	-87.9
	3.1934




In above Table 1, there are FDD bands which have less than 0.1 dB de-sensitization (maybe due to rounding errors), e.g n1, n2, n3, n7, n13, n13, n18, n24, n25, n30, n65 , n66 , n70, n74, n100.  There are FDD bands which has bigger than 0.5 dB de-sensitization, e.g n5, n8, n12, n20, n26, n28, n71, n85 and n105. For the bands which has less than 0.1 dB de-sens, the safe way is to scale the existing REFSENS with 25 RB limitation of 15kHz SCS. While for the bands that have bigger than 0.5 de-sens, if the flat noise due to impairment can be assumed, the eRedCap REFSENS can be scaled with a factor of 10log (N_RB/25) for the de-sens factor in Table 1.
REFSENS of eRedCap CBW of 15kHz SCS = 5MHz REFSENS of 15kHz SCS + 10log(N_RB/25) + (Rx de-sensitization of 15kHz SCS – 10log (N_RB/25)) = CBW REFSENS of 15kHz SCS–10log(N_RB/25)
For 30kHz, the similar formular can be derived:
 REFSENS of eRedCap CBW of 30kHz SCS = 5MHz REFSENS of 15kHz SCS + 10log(2*N_RB/25) + (Rx de-sensitization of 30kHz SCS – 10log (N_RB/12)) = 
=5MHz REFSENS of 15kHz SCS + 10log(2*N_RB/25)  + CBW REFSENS of 30kHz SCS – ( 5MHz REFSENS of 15kHz SCS + 10log(N_RB*2/25)) – 10log (N_RB/12)
= CBW REFSENS of 30kHz SCS  – 10log (N_RB/12)
As N_RB for 10MHz, 15MHz and 20MHz for SCS 15kHz is 52, 79 and 106, the scaling factor will be corresponding the option 2 in WF [1]. 
· Option 2: 
· Introducing -3.2 dB, -5dB, -6.3 dB scaling factor for 2Rx eRedcap UE with 10MHz, 15MHz, 20MHz RF bandwidths separately for 15kHz and SCS based on R-17 Redcap REFSENs
· Introducing -3 dB, -5dB, -6.3 dB scaling factor for 2Rx eRedcap UE with 10MHz, 15MHz, 20MHz RF bandwidths separately for 30kHz and SCS based on R-17 Redcap REFSENs.

[bookmark: _Ref134525223]Use option 2 in WF[1] to derive the 2RX eRedCap UE REFSENS for FDD bands.

For TDD band, our opinion is that option 1 and option 2 is the same because the 5MHz REFSENS is used as base for scaling in Table 7.3.2-1b   , therefore we think option 1 in Issue 1-3-1 in WF[1] is fine.
[bookmark: _Ref134525230]Use option 1 in WF[1] to derive the 2RX eRedCap UE REFSENS for TDD bands.

Issue 1-3-1: deriving the REFSENS for 2 Rx
Candidate options for TDD bands: (companies to check if these two options are the same)
· 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:
· Introducing -3.2 dB, -5dB, -6.3 dB scaling factor for 2Rx eRedcap UE with 10MHz, 15MHz, 20MHz RF bandwidths separately for 15kHz and SCS based on R-17 Redcap REFSENs
· Introducing -3 dB, -5dB, -6.3 dB scaling factor for 2Rx eRedcap UE with 10MHz, 15MHz, 20MHz RF bandwidths separately for 30kHz and SCS based on R-17 Redcap REFSENs.

In WF[1], there is also discussion the other RX requirement than REFSENS below.
Issue 1-4: other Rx requirement than REFSENS
· Proposals:
· Option 1: Error! Reference source not found.
· Option 2: Regarding downlink requirements: 
· Utilize the Rel-17 requirements irrespective of PRB allocations,
· Option 3: to consider TX and RX RB allocation which corresponds to the worst-case condition. Similar allocation scheme can be used for Issue 1-3-1
· Option 4: TBA
As the REFSENS is scaled with the RB, so the C/I ratio for ACS case 1 and case 2 can be maintained as legacy. For example, the ACS case 1, the interferer level is set according to the REFSENS + 14+ ACS and for ACS case 2, the power of wanted signal is set the same C/I as case 1 for different BW. There may need to clarify the requirement for eRedCap as the interpretation of legacy Rel-17 requirement may be differently.  For example for ACS case 1, as the REFSENS is always 25 RB allocation in DL, one question is whether or not the scaling factor for BW would apply to eRedCap for different channel bandwidth. In our view, the bandwidth relaxation factor on the ACS would still be needed as the RF bandwidth is the same with legacy and therefore if an analog filter would be used, a relaxation factor still be needed to compensate less attenuation of the wider analog filter. 
[bookmark: _Ref134525237]Reuse the legacy Rx requirement with clarification that the eRedCap ACS/IBB test is done by following the same test configuration for different channel BW.
Table 7.5-3: Test parameters for NR bands with FDL_high < 2700 MHz and FUL_high < 2700 MHz, case 1
	RX parameter
	Units
	Channel bandwidth (MHz)

	
	
	5, 10
	15 
	20, 25, 30, 35, 40, 45, 50, 60, 70, 80, 90, 100

	Power in transmission bandwidth configuration
	dBm
	REFSENS + 14 dB

	Pinterferer4
	dBm
	REFSENS + 45.5 dB
	REFSENS + 42.5 dB
	
REFSENS + 39.5 – 10log10(BWChannel /20)


	BWinterferer
	MHz
	5

	Finterferer (offset)
	MHz
	BWChannel /2 + 2.5
/
-(BWChannel /2 + 2.5)

	NOTE 1:	The transmitter shall be set to 4 dB below PCMAX_L,f,c at the minimum UL configuration specified in Table 7.3.2-3 with PCMAX_L,f,c defined in clause 6.2.4.

NOTE 2:	The absolute value of the interferer offset Finterferer (offset) shall be further adjusted to MHz with SCS the sub-carrier spacing of the wanted signal in MHz. The interferer is an NR signal with 15 kHz SCS.
NOTE 3:	The interferer consists of the NR interferer RMC specified in Annexes A.3.2.2 and A.3.3.2 with one sided dynamic OCNG Pattern OP.1 FDD/TDD for the DL-signal as described in Annex A.5.1.1/A.5.2.1.
NOTE 4:   10log10(x) is rounded to the next higher 0.5dB value.



For the two types of the eRedCap UE, the difference is one type has RB number limitation while the other one does not. Both types has the same peak rate reduction. As the previous discussion apply to the eRedCap with RB number limitation, so the question is whether or not such would be applied to another type. The two types eRedCap UE is defined in [2].
New Issue 1-1-1-1: two types eRedcap UE
For two types of eRedcap UE, if to set different RAN4 RF requirements 
· Proposals:
· Option 1: Treat both types the same, apply other RF requirement to both type eRedCap
· Option 2: Treat differently
· Option 3: TBA
In 38.306, the supported peak data rate is calculated below, it can be observed that the peak data rate is time averaged in a symbol level. 
[bookmark: _Toc12750882][bookmark: _Toc29382246][bookmark: _Toc37093363][bookmark: _Toc37238639][bookmark: _Toc37238753][bookmark: _Toc46488648][bookmark: _Toc52574069][bookmark: _Toc52574155][bookmark: _Toc131118984]4.1.2	Supported max data rate for DL/UL
For NR, the approximate data rate for a given number of aggregated carriers in a band or band combination is computed as follows.


wherein
J is the number of aggregated component carriers in a band or band combination
Rmax = 948/1024
For the j-th CC,
	[image: ] is the maximum number of supported layers given by maxNumberMIMO-LayersPDSCH for downlink and maximum of maxNumberMIMO-LayersCB-PUSCH and maxNumberMIMO-LayersNonCB-PUSCH for uplink.

	 is the maximum supported modulation order given by supportedModulationOrderDL for downlink and supportedModulationOrderUL for uplink.

	is the scaling factor given by scalingFactor or scalingFactor-1024QAM-FR1 and can take the values 1, 0.8, 0.75, and 0.4.

	 is the numerology (as defined in TS 38.211 [6])



[bookmark: OLE_LINK8]	 is the average OFDM symbol duration in a subframe for numerology , i.e. . Note that normal cyclic prefix is assumed.




	 is the maximum RB allocation in bandwidth  with numerology , as defined in 5.3 TS 38.101-1 [2] and 5.3 TS 38.101-2 [3], where  is the UE supported maximum bandwidth in the given band or band combination.

	is the overhead and takes the following values
0.14, for frequency range FR1 for DL
0.18, for frequency range FR2 for DL
0.08, for frequency range FR1 for UL
0.10, for frequency range FR2 for UL

[bookmark: _Ref134525262]The time average frame is average OFDM symbol duration in a subframe with numerology u.

After checking with FRC for receiver test, the peak data rate will not exceed the 10MHbps when testing with QPSK but it will exceed the 10Mbps for full allocation when testing the maximum input level in A.3.2.3. As even with 25 PRB, the peak data rate will exceed 10Mbps as observed by one company last meeting, this issue will be the same for both types of eRedCap. Because the maximum input level test the signal with worst PAPR with 64QAM, when the peak data is limited, the signal characteristic of PAPR should be preserved while still maintain the test signal property. This leads to a proposal of reduce the RB size for the test of maximum input power even further to cope with the peak data limitation. 
[bookmark: _Ref134525255]Reduce the PRB size for maximum input level requirement while keep the 64QAM modulation, this applies to both types eRedCap UE, FFS on the specific RB size for either type of the eRedCap.

For the eRedCap without RB number limitation, except the maximum input level requirement, the legacy Rel-17 requirement can apply. This means the requirements needs to be specified separately for two eRedCap UE types.
[bookmark: _Ref134525274]The requirements for two eRedCap UE may be different and up to later discussion.

Conclusions
In this contribution, we present our view on the remaining specification impact with below observations and proposals:
Proposal-1:Assume the noise in Rx bandwidth due to the Tx transmission impairment is flat for eRedCap de-sens analysis.
Proposal-2:Use option 2 in WF[1] to derive the 2RX eRedCap UE REFSENS for FDD bands.
Proposal-3:Use option 1 in WF[1] to derive the 2RX eRedCap UE REFSENS for TDD bands.
Proposal-4:Reuse the legacy Rx requirement with clarification that the eRedCap ACS/IBB test is done by following the same test configuration for different channel BW.
Proposal-5:Reduce the PRB size for maximum input level requirement while keep the 64QAM modulation, this applies to both types eRedCap UE, FFS on the specific RB size for either type of the eRedCap.
Observation 1  The time average frame is average OFDM symbol duration in a subframe with numerology u.
Observation 2 The requirements for two eRedCap UE may be different and up to later discussion.
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