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1	Introduction 

To further expand the market for RedCap use cases with relatively low cost, low energy consumption, and low data rate requirements, the additional complexity reduction relative to Rel-17 RedCap UE feature [1] was considered and studied [2] which had spawned a new Rel-18 work item on “enhanced support of reduced capability NR devices” [3] approved in RAN #97-e meeting. On the work item objective for complexity/cost reduction, the UE baseband (BB) bandwidth reduction to 5 MHz only for PDSCH and PUSCH with RF bandwidth maintained up to 20 MHz was targeted. Owing to that the DL allocation is restricted to 5 MHz within a potentially wider channel bandwidth, the necessity of specifying new REFSENS requirements for non-fully allocated DL channel bandwidth was discussed in last RAN4 meeting and concluded in the approved WF on eRedCap UE RF requirements [4]. In this contribution, we share our views on how the REFSENS for eRedCap UE 5MHz PRB allocation in a wider RF bandwidth may be affected for FDD bands and propose to specify the requirements based on the 5MHz channel bandwidth UL and DL PRB allocations for all the supported channel bandwidth.   
2 Discussion

The reduction of UE BB bandwidth to 5MHz for an RF bandwidth wider than 5MHz in eRedCap UE can be conceptually illustrated in Figure 2-1(a) and Figure 2-1(b) for TDD band and FDD band respectively. Notice that the 5MHz BB bandwidth can potentially be allocated at any PRB grid within the RF bandwidth for both UL and DL. Therefore, the nominal duplex spacing does not need to be maintained for the reduced 5MHz BB bandwidth.
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Figure 2-1 eRedCap UE BB BW allocations for (a) TDD band and (b) FDD band with 20MHz RF BW

For TDD bands, since there is no REFSENS impact from UL self-interference and the Rx noise figure (NF) has been assumed spectrally flat over the entire band range, 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. For example, the Band n77 REFSENS for eRedCap UE at 15kHz SCS can be calculated by -95.3dBm + 10log10(25/52) = -98.5dBm.

Proposal 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.          

Proposal 2: 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.

For FDD bands, the REFSENS for the reduced 5MHz BB BW in an RF BW wider than 5MHz would depend on the channel BW, duplex spacing and UL/DL PRB allocations. Using Band n71 with 20MHz channel BW as an example, the simulated Tx output spectral shape at PC3 PCMAX is shown in Figure 2-2 where 20 UL PRB is allocated with closest frequency proximity to DL band.
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Figure 2-2 n71 Tx output spectral shape at PC3 PCMAX with 20MHz channel BW and 20 UL PRB

It can be seen that the Tx spectral leakage into the DL channel BW would vary with the frequency separation from the UL allocation, therefore, the sensitivity impact due to UL interference is expected to be different in each 5MHz BB block A, B, C, and D as shown above which would result in different REFSENS levels. In this particular example, block A would be subject to the worst REFSENS level while block D is expected to have the best REFSENS performance. 

Observation 1: For FDD bands, the REFSENS for the reduced 5MHz BB BW in an RF BW wider than 5MHz would depend on the channel BW, duplex spacing, and UL/DL PRB allocations.

As FDD band REFSENS evaluation based on a new UL/DL allocations could be a rather time-consuming process, especially when Tx self-interference became a substantial part of the Rx noise contribution and bench characterization would be involved, RAN4 shall mindfully select a proper UL/DL allocations to reuse the existing 5MHz REFSENS requirements as much as possible for all FDD bands in order to avoid the unjustified workload which could hinder the completion of work item on time. In our view, the simplest way is to mimic the 5MHz UL/DL PRB allocations for all channel BWs, and with both UL and DL allocations centered around the channel bandwidth. This way the REFSENS impact from UL self-interference can be minimized. Using Band n1 and Band n12 as examples, the following table summarizes the proposed REFSENS requirements for 2Rx with the corresponding DL and UL PRB allocations.




	Operating Band
	SCS
(kHz)
	DL/UL LCRB1
	Channel Bandwidth (MHz)/RFSENS (dBm)

	
	
	
	5
	10
	15
	20

	n1
	15
	25/25
	-100
	-100
	-100
	-100

	
	30
	12/12
	
	-100.2
	-100.2
	-100.2

	n12
	15
	25/20
	-97
	-97
	-97
	-97

	
	30
	12/10
	
	-97.2
	-97.2
	-97.2

	NOTE 1: DL and UL PRB allocations are centered around the channel bandwidth



Table 2-1 Proposed FDD band REFSENS requirements for eRedCap UE

Proposal 3: For eRedCap UE FDD band REFSENS, RAN4 shall mindfully select a proper UL/DL allocations to reuse the existing 5MHz REFSENS requirements as much as possible to avoid the unjustified workload for new REFSENS evaluations.

Proposal 4: For eRedCap UE FDD band REFSENS requirements, use the 5MHz REFSENS PRB allocations for all channel BW wider than 5MHz, and with both UL and DL allocations centered around the channel bandwidth to minimize the REFSENS impact from UL self-interference.

For 1Rx and HD-FDD REFSENS requirements, the same scaling parameters relative to 2Rx FD-FDD REFSENS requirements for RedCap UE can be applied to eRedCap UE.

Proposal 5: For eRedCap UE 1Rx and HD-FDD REFSENS requirements, the same scaling parameters relative to 2Rx FD-FDD REFSENS requirements for RedCap UE can be applied.

3	Conclusion

In this contribution, we share our views on how the REFSENS for eRedCap UE 5MHz PRB allocation in a wider RF bandwidth may be affected for FDD bands and propose to specify the requirements based on the 5MHz channel bandwidth UL and DL PRB allocations for all the supported channel bandwidth. 

Observation 1: For FDD bands, the REFSENS for the reduced 5MHz BB BW in an RF BW wider than 5MHz would depend on the channel BW, duplex spacing, and UL/DL PRB allocations.

Proposal 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.

Proposal 2: 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.

Proposal 3: For eRedCap UE FDD band REFSENS, RAN4 shall mindfully select a proper UL/DL allocations to reuse the existing 5MHz REFSENS requirements as much as possible to avoid the unjustified workload for new REFSENS evaluations.

Proposal 4: For eRedCap UE FDD band REFSENS requirements, use the 5MHz REFSENS PRB allocations for all channel BW wider than 5MHz, and with both UL and DL allocations centered around the channel bandwidth to minimize the REFSENS impact from UL self-interference.

Proposal 5: For eRedCap UE 1Rx and HD-FDD REFSENS requirements, the same scaling parameters relative to 2Rx FD-FDD REFSENS requirements for RedCap UE can be applied.
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