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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.
· 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

In option 1, the n71 is chosen to be example band for the REFSENS investigation based on the condition that the UL configuration is the same with legacy and the DL RB is placed at the channel edge with closest distance to the UL allocation. The simulation of the Tx noise to fall into the Rx channel is illustrated in Figure 1.
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Figure 1: The Tx noise in Rx channel

Figure 1 shows the ACLR within the RX band and by using this number the MSD can be estimated. The Tx noise can be calculated with  . There are two expressions to evaluate the MSD [2]:
1. The expression for the main TX/RX branch for a conservative estimate of the minimum performance:

.
2. The standard MRC expression below

 where


As in REFSENS test, the TX/RX antenna connector and RX only antenna connector are both connected according to TS 38.508-1 Annex A3.2 and as such there is onboard antenna coupling between main Rx branch and diversity branch and such coupling is assumed as 10 dB. The MSD is the 3.6 dB according to the expression 1 and 1.5 dB with expression 2 The other parameter used in such evaluation is listed below:
· atx-rx is the duplexer attenuation at RX / Tx-Rx filter isolation
· Lrx is the receive insertion loss RX insertion loss set to a more typical of 3 dB 
· Lcpl is the branch coupling loss/ diversity antenna isolation
· Pout-ant at antenna: 22 dBm (MPR = 1 dB for 20 RBs allocation) 
· a is the margin for the TX noise that must be applied to achieve no desensitization,  = 0.5 dB
· B is the bandwidth
· Fmax is the noise factor

The 5MHZ REFSENS for n71 is -97.2 dBm, using the intermediate value of 2.6 dB MSD for 20MHz BW, the REFSENS of 25 RB is -94.6 dBm.  The MSD is specified as 4.9 dB for SCS 15kHz and 3.7 dB for SCS 30kHz.  The specification is a RAN consensus as stated in TR 36.755[3]. This means to reach the consensus of the new REFSENS for option 1, the simulation is needed for at least band n5, n8, n12, n20, n26, n28, n71, n85, and n105. 
[bookmark: _Ref142654415]The additional simulation work is needed to derive the REFSENS for option 1 for band n5, n8, n12, n20, n26, n28, n71, n85, and n105.






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)
	Estimation MSD 

	n71
	15
	-97.2
	-94.0
	0.0194
	-91.6
	0.6031
	-86.0
	4.9263
	2.6

	
	30
	
	-94.3
	0.0670
	-91.9
	0.4713
	-87.4
	3.6934
	2.6



For option 2B and 2C, the same nominal duplex distance is proposed with the restricting the UL and DL RB allocation in the middle of the channel bandwidth that is higher than 5MHz. With such arrangement, the same test condition is used with the 5MHz REFSENS test and the Tx noise can be kept below the thermal noise so maximum 0.5 dB SNR degradation could be achieved.  
[bookmark: _Ref142654430]2B and 2C will create the same test condition with 5MHz BW for higher BW test case. 
For option 2A, as the interlaced RB allocation within the same BW as full RB allocation, the Tx de-sens factor from legacy specification can be reused. Therefore, the 20MHz REFSENS with 25RB is -97.2 dBm + 4.93= - 92.27 dBm.
[bookmark: _Ref142654442]Option 2A can scale the legacy REFSENS reusing the consensus de-sens factor.
Summary from the above discussion, option 1 introduces additional simulation works but specifying the REFSENS with a traditionally defined REFSENS test condition for BW higher 5MHz. Option 2B/2C avoids testing the Tx de-sens for BW higher than 5MHz but no additional work needed. It can be observed that if the DUT would pass the REFSENS test of 5MHz BW for the 2B/2C REFSENS test of a BW higher than 5MHz such DUT will pass it also. This is the same with only testing the 5MHz REFSENS for 2RX eRedCap (BW3/PR3 + PR1) and not the BW higher than 5MHz.
[bookmark: _Ref142654452]Option 2B/2C is the same with only testing the 5MHz REFSENS for 2RX eRedCap (BW3/PR3 + PR1).
Option 2A creates a test condition with traditionally defined REFSENS and also avoid the additional simulation work. this option reuse the legacy Tx de-sens factor for different band. A note of the DL reference measurement channel for 20MHz BW that is similar to FRC defined for n46 in TS 38.104 could be added and one example is as below:
Note : For eRedCap (BW3/PR3 + PR1) and 20MHz bandwidth, the allocated RB’s are uniformly spaced over the channel bandwidth at RB index N, N+4, N+8,…, N+96 where N={0,1,2,3}.

[bookmark: _Ref142654460]Option 2A could be used to specify for REFSENS for eRedCap (BW3/PR3 + PR1) 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[2] is fine.
[bookmark: _Ref134525230]Use option 1 in WF[2] 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[2], there is also discussion the other RX requirement than REFSENS below.
Issue 1-4: other Rx requirement than REFSENS
· Proposals:
· Option 1:  Consider placing both Tx and Rx RB allocations in the middle of the RF channel in RF requirements for bandwidth limited UE type.
· 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 the same digital filter and analog filter would be used, the interferer is placed at the near edge of the channel and thus the interferer power is concentrated at the edge of channel where the filters has least selectivity.  
[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
TS 38.214 5.1.3 describe the maximum TBS in PDSCH UE can handle as follows.  
	Within a cell group, a UE is not required to handle PDSCH(s) transmissions including unicast and/or multicast/broadcast in slot sj in serving cell-j, and for j = 0,1,2.. J-1, slot sj overlapping with any given point in time, if the following condition is not satisfied at that point in time: 

where, 
-	J is the number of configured serving cells belonging to a frequency range
-	for the j-th serving cell,
-	M is the number of TB(s) transmitted in slot sj. If there are two PDSCH transmission occasions of the same TB (in time domain or in frequency domain) in the slot sj, each transmission occasion is counted separately.
-	Tslotm(j) =10-3/2m(j), where m(j) is the numerology for PDSCH(s) in slot sj of the j-th serving cell. 
-	for the m-th TB, 
-	A is the number of bits in the transport block as defined in Clause 7.2.1 [5, TS 38.212] 
-	C is the total number of code blocks for the transport block defined in Clause 5.2.2 [5, TS 38.212].
-	 is the number of scheduled code blocks for the transport block as defined in Clause 5.4.2.1 [5, TS 38.212] 
-	 [Mbps] is computed as the maximum data rate summed over all the carriers in the frequency range for any signaled band combination and feature set consistent with the configured servings cells, where the data rate value is given by the formula in Clause 4.1.2 in [13, TS 38.306], including the scaling factor f(i).



According to the agreement in RAN plenary, since the peak data rate of Rel-18 RedCap is limited to 10Mbps, the maximum TBS for Rel-18 RedCap UE is derived as follows, considering J=1 and M=1

[bookmark: _Toc12750882][bookmark: _Toc29382246][bookmark: _Toc37093363][bookmark: _Toc37238639][bookmark: _Toc37238753][bookmark: _Toc46488648][bookmark: _Toc52574069][bookmark: _Toc52574155][bookmark: _Toc131118984]For example, in the case of SCS=15kHz, V ≤ 10,000 (bits) because of µ=0. Similarly, V ≤ 5,000 (bits) for SCS=30kHz because of µ=1.
[bookmark: _Ref134525262]The maximum TBS for eRedCap depends on numerology parameter µ .

For FRC for receiver test, the information bit payload per slot shall not exceed 10,000 bits and 5,000 bits when testing with SCS 15kHz and 30 kHz, respectively, but it will exceed the limit for full allocation when testing the maximum input level in A.3.2.3. 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 or reduce MCS index for the test of maximum input power even further to cope with the peak data limitation. 
[bookmark: _Ref134525255][bookmark: _Ref142654496]Discuss whether to 1) reduce the PRB size or 2) MCS index for maximum input level requirement while keep the 64QAM modulation, this applies to both types eRedCap UE.
For option 1, PRB should change from 25 to 20 so that TBS = 9736 bits (SCS=15kHz) with MCS 24
For option 2, MCS index should change from 24 to 21 so that TBS = 9736 bits (SCS=15kHz) with 25 RB .
So one possible solution could be limit RB size to 20 to all BW for both two types of eRedCap UE. In this way, the FRC will be the same for both two types eRedCap UE.
[bookmark: _Ref142661705]Use the option 1 for FRC for both types of eRedCap UE.

Conclusions
In this contribution, we present our view on the remaining specification impact with below observations and proposals:
Observation 1 The additional simulation work is needed to derive the REFSENS for option 1 for band n5, n8, n12, n20, n26, n28, n71, n85, and n105.
Observation 2 2B and 2C will create the same test condition with 5MHz BW for higher BW test case.
Observation 3 Option 2A can scale the legacy REFSENS reusing the consensus de-sens factor.
Observation 4 Option 2B/2C is the same with only testing the 5MHz REFSENS for 2RX eRedCap (BW3/PR3 + PR1).
Proposal-1: Option 2A could be used to specify for REFSENS for eRedCap (BW3/PR3 + PR1) for FDD bands.
Proposal-2: Use option 1 in WF[2] to derive the 2RX eRedCap UE REFSENS for TDD bands.
Proposal-3: 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.
Observation 5 The maximum TBS for eRedCap depends on numerology parameter µ .
Proposal-4: Discuss whether to 1) reduce the PRB size or 2) MCS index for maximum input level requirement while keep the 64QAM modulation, this applies to both types eRedCap UE.
For option 1, PRB should change from 25 to 20 so that TBS = 9736 bits (SCS=15kHz) with MCS 24
For option 2, MCS index should change from 24 to 21 so that TBS = 9736 bits (SCS=15kHz) with 25 RB .
Proposal-5:Use the option 1 for FRC for both types of eRedCap UE.
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