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Introduction
This document analyses potential solutions to further reduce UE complexity for Rel-18 eRedCap. Mainly focus on:
· Bandwidth reduction to 5 MHz
· Peak data rate reduction

Discussion
Bandwidth reduction to 5 MHz
The Options BW1/2/3 in the following agreements made in RAN1 #109-e are analysed:
	Agreement
· The following options for further UE bandwidth reduction can be studied:
· Option BW1: Both RF and BB bandwidths are 5 MHz for UL and DL.
· Option BW3: 5 MHz BB bandwidth only for PDSCH (for both unicast and broadcast) and PUSCH with 20 MHz RF bandwidth for UL and DL. The other physical channels and signals are still allowed to use a BWP up to the 20 MHz maximum UE RF+BB bandwidth.
· In addition, optional results for the following option can also be reported:
· Option BW2: 5 MHz BB bandwidth for all signals and channels with 20 MHz RF bandwidth for UL and DL. 
· At least the following cases are studied:
· The resource allocation spans a bandwidth of maximum 5 MHz (Maximum UE channel bandwidth).
· The same option is used for UL and DL.
· The same option is used for idle/inactive and connected mode.
· It is FFS whether to study other cases.
· Note: As part of study of above options, it is not precluded to indicate that an observation is relevant for UL only or DL only.

Agreement
· For Options BW1,
· For 15 kHz SCS, 25 contiguous RBs are assumed to fit within the 5 MHz.
· For 30 kHz SCS, 11 contiguous RBs are assumed to fit within the 5 MHz.
· Larger number of RBs that fit within 5 MHz can optionally be studied.
· For Options BW2,
· For 15 kHz SCS, 25 contiguous RBs are assumed to fit within the 5 MHz.
· For 30 kHz SCS, 11 contiguous RBs are assumed to fit within the 5 MHz.
· Larger number of RBs that fit within 5 MHz can optionally be studied.
· For Options BW3,
· For 15 kHz SCS, 25 contiguous RBs are assumed to fit within the 5 MHz.
· For 30 kHz SCS, 11 contiguous RBs are assumed to fit within the 5 MHz.
· Larger number of RBs that fit within 5 MHz can optionally be studied.
· Relevant assumptions (e.g., regarding potential scheduling restrictions) should be reported.



Complexity reduction
From the study below, we think Option BW3 can achieve moderate complexity reduction. The complexity reduction of Options BW1/2 would not be significant compared with Option BW3.
· Majority of baseband complexity can be reduced commonly in Option BW1/2/3 because higher layer, FEC encoder/decoder and HARQ buffer can be reduced compared with Rel-17 RedCap. 
· The DL channel estimation part of the complexity can be further reduced in Option BW2 compared with Option BW3. In spite of this UE complexity reduction merit, this reduction results in the cost for the network for reduced coverage or additional common channel for eRedCap compared with Option BW3 as discussed below.
· The RF and FFT/IFFT part can be further reduced compared with Option BW1 compared with Option BW2. RF complexity does not scale to the bandwidth and FFT/IFFT part is only small part of the complexity. Therefore, additional cost reduction is not so meaningful.

[bookmark: BW_cost]Observation 1:	Option BW3 can achieve moderate complexity reduction. The additional complexity reduction by Option BW2 would be the tradeoff with the network cost. The additional complexity reduction by Option BW1 is not so meaningful.

Impact on performance
[UE-specific DL/UL channels]
For Options BW1/2, the transmission BW of any UE-specific DL/UL channels is limited to 5 MHz. For Options BW3, PDSCH/PUSCH BW is limited. Therefore, there would be coverage loss due to the reduced number of PRBs and frequency diversity loss compared with the transmission across 20 MHz e.g., Options PR1/2/3 below which can allow transmission across 20 MHz.

[Common DL channels e.g., CD-SSB, CORESET #0 and broadcast PDSCH]
In options BW1/2, the common channel PRB allocation is limited to only 5 MHz. However, CD-SSB with 30 kHz SCS and CORESET #0 with 30 kHz and with {48 PRBs / 15 kHz SCS} exceed 5 MHz. Broadcast PDSCH e.g., SIB1 may also exceed 5 MHz by network configuration. Therefore, the 5 MHz UE would have to puncture the subset of those PRBs which would degrade the coverage. The coverage loss by puncturing is evaluated in Opt1 in [1]. To apply power-boosting for the common DL channels of PRBs that 5 MHz UE receives can recovery some coverage loss, but the amount of the recovery is limited by the network capability of output dynamic range specified in TS38.104 6.3.2.2.

Alternative approach is a new design for 5 MHz eRedCap-specific SSB, CORESET #0 and SIB. But significant coverage recovery for 5 MHz UE is not seen (Opt2 in [1]). Furthermore, additional network overhead is required, which degrades the spectrum efficiency and network power is more consumed as these would be always-on transmissions.

[PRACH]
In options BW1/2, the available value of Msg1-FDM would be limited compared with Rel-17 RedCap. Therefore, there may be impact to the configuration flexibility of initial access.

[bookmark: BW_per]Observation 2:	Options BW1/2 degrade the coverage of any UE-specific channels and Option BW3 degrades the coverage of PDSCH/PUSCH, compared with the transmission across 20 MHz.
Observation 3:	For Options BW1/2, coverage is reduced in common DL channels wider than 5 MHz if some PRBs are punctured. If 5 MHz eRedCap-specific SSB/CORESET #0/SIB are introduced, spectrum efficiency is degraded, and network power is more consumed.
Observation 4:	For Options BW1/2, the configuration flexibility of initial access for PRACH is impacted.

Impact on coexistence with legacy UEs
[Common DL channels e.g., CD-SSB, CORESET #0 and broadcast PDSCH]
For Options BW1/2, a possible network operation is that CD-SSB with 15 kHz SCS and CORESET #0 with 24RB with 15kHz SCS is only configured so that 5 MHz UEs can always properly receive them. Then, there would be an impact to the co-existing non-5MHz UEs. For example, short latency benefit using 30kHz SCS for SSB/CORESET #0 would be unavailable for non-5MHz UEs. Therefore, the deployment scenario is limited.

The power-boosting for the CD-SSB/CORESET #0/SIB can be applied but the amount of the boosting is limited by the gNB dynamic range.

[bookmark: BW_coex]Observation 5:	For Options BW1/2, there would be an impact to the latency of co-existing non-5MHz UEs if the SCS of CD-SSB and CORESET #0 is always configured to be 15 kHz.

Spec impact
[Common DL channels e.g., CD-SSB, CORESET #0 and broadcast PDSCH]
For Options 1/2, there may be large spec impact if a new design for 5 MHz eRedCap-specific SSB, CORESET #0 and SIB are introduced.

[Initial DL/UL BWP]
For Options 1/2, there would be a spec impact to introduce 5 MHz eRedCap-specific initial DL/UL BWP.

[bookmark: BW_spec]Observation 6:	For Options BW1/2, there are large spec impact if a new design for 5 MHz eRedCap-specific SSB, CORESET #0 and SIB is introduced.
Observation 7:	For Options BW1/2, there is a spec impact to introduce 5 MHz eRedCap-specific initial DL/UL BWP.

Peak rate reduction
The Options PR1/2/3 in the following agreements made in RAN1 #109-e are analysed:
	Agreement
· The following options for further UE peak rate reduction can be studied:
· Option PR1: Relaxation of the constraint   for peak data rate reduction.
· Option PR2: Restriction of maximum TBS for PDSCH and PUSCH.
· Option PR3: Restriction of maximum number of PRBs for PDSCH and PUSCH.
· At least the following cases are studied:
· The studied peak rate reduction applies to both UE-specific (unicast) and common (broadcast) channels.
· The resource allocation spans a bandwidth of maximum 20 MHz (maximum UE channel bandwidth).
· The same option is used for UL and DL.
· The same option is used for idle/inactive and connected mode.
· It is FFS whether to study other cases.
· Note: As part of study of above options, it is not precluded to indicate that an observation is relevant for UL only or DL only.

Agreement
· For Option PR1,
· The relaxed constraint is 1 (instead of 4).
· Other values for the relaxed constraint that meet the 10-Mbps peak rate target can optionally be studied.
· The parameters (, , ) [38.306] can be as in Rel-17 RedCap.
· For Option PR2,
· For 15 kHz SCS, the maximum TBS is 10000 bits per TB and per slot.
· For 30 kHz SCS, the maximum TBS is 5000 bits per TB and per slot.
· For Option PR3,
· For 15 kHz SCS, the maximum number of RBs is 25.
· For 30 kHz SCS, the maximum number of RBs is 11.
· Other number of RBs that meet the 10-Mbps peak rate target can optionally be studied.
· Note: It is not precluded to report results also for other values.
· Relevant assumptions (e.g., regarding potential limitations of the TBS sum in case of more than one simultaneous TB) should be reported.



Complexity reduction
Option PR3 would achieve similar complexity reduction to Option BW3. Options PR1/2 would result in more complexity than PR3 on channel estimation of PDSCH/PUSCH because the number of supporting PRBs is larger than PR3.

[bookmark: PR_cost]Observation 8:	Option PR3 can achieve further complexity reduction compared with Options PR1/2 because of the reduced channel estimation and related buffer for data.

Impact on performance
For Option PR3, there would be coverage loss on PDSCH/PUSCH due to the reduced number of PRBs compared with legacy UEs and Options PR1/2. Nevertheless, the coverage can be better than Option BW3 because of frequency diversity gain across 20 MHz BW can be kept.

[bookmark: PR_per]Observation 9:	For Option PR3, there would be coverage loss on PDSCH/PUSCH compared with legacy UEs and Options PR1/2.

Impact on coexistence/spec
For Options PR1/2/3, we do not see any impact on coexistence with legacy UEs. We do not see significant spec impact, either.

[bookmark: PR_coex_spec]Observation 10:	Options PR1/2/3 would not have any impact on coexistence with legacy UEs.
Observation 11:	Options PR1/2/3 would not have significant spec impact.


Conclusion
Regarding bandwidth reduction:
Observation 1:	Option BW3 can achieve moderate complexity reduction. The additional complexity reduction by Option BW2 would be the tradeoff with the network cost. The additional complexity reduction by Option BW1 is not so meaningful.
Observation 2:	Options BW1/2 degrade the coverage of any UE-specific channels and Option BW3 degrades the coverage of PDSCH/PUSCH, compared with the transmission across 20 MHz.
Observation 3:	For Options BW1/2, coverage is reduced in common DL channels wider than 5 MHz if some PRBs are punctured. If 5 MHz eRedCap-specific SSB/CORESET #0/SIB are introduced, spectrum efficiency is degraded, and network power is more consumed.
Observation 4:	For Options BW1/2, the configuration flexibility of initial access for PRACH is impacted.
Observation 5:	For Options BW1/2, there would be an impact to the latency of co-existing non-5MHz UEs if the SCS of CD-SSB and CORESET #0 is always configured to be 15 kHz.
Observation 6:	For Options BW1/2, there are large spec impact if a new design for 5 MHz eRedCap-specific SSB, CORESET #0 and SIB is introduced.
Observation 7:	For Options BW1/2, there is a spec impact to introduce 5 MHz eRedCap-specific initial DL/UL BWP.

Regarding peak rate reduction:
Observation 8:	Option PR3 can achieve further complexity reduction compared with Options PR1/2 because of the reduced channel estimation and related buffer for data.
Observation 9:	For Option PR3, there would be coverage loss on PDSCH/PUSCH compared with legacy UEs and Options PR1/2.
Observation 10:	Options PR1/2/3 would not have any impact on coexistence with legacy UEs.
Observation 11:	Options PR1/2/3 would not have significant spec impact.
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