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Introduction
The following potential complexity reduction features are set to be studied in the Rel-18 RedCap SI in [1]:· Potential solutions, which may complement each other, for reducing device complexity are focusing on:
· UE bandwidth reduction to 5MHz in FR1,
· Possibly in combination with relaxed UE processing timeline for PDSCH and/or PUSCH and/or CSI
· reduced UE peak data rate in FR1, 
· Possibly including restricted bandwidth for PDSCH and/or PUSCH
· Possibly in combination with relaxed UE processing timeline for PDSCH and/or PUSCH and/or CSI



This tdoc discusses the considerations for these potential complexity reduction features for Rel-18 RedCap UEs. 

UE bandwidth reduction to 5MHz in FR1
In Rel-17, the required UE bandwidth for RedCap UEs was reduced from the 100MHz (required for NR devices) to 20MHz. This minimum bandwidth of 20MHz was selected in order to avoid changes to the Rel-15 SSB and CORESET#0 for RedCap UEs. Further reducing the minimum bandwidth to 5MHz does create issues in using the Rel-15 SSB and CORESET#0. 

For the SSB, the 30kHz SCS SSB does not fit within 5MHz; the PSS and SSS are within 5MHz but the PBCH components of the SSB are 7.2 MHz wide. The SID says that the Rel-15 SSB should be reused, hence, without changes to the SSB, the 5MHz RedCap UE would only be able to receive part of the PBCH. 

The decoding performance degradation of a partial PBCH (of a 30kHz SCS SSB) by a Rel-18 5MHz RedCap would need to be studied. The center 12RBs of the SSB contains only half of the PBCH RBs, hence, would lose approximately 3dB of coverage. Furthermore, the typical RedCap UE would have a single antenna thus this degradation would be further limiting Rel-18 5MHz RedCap UE compared to non-RedCap UE.

A 5MHz RedCap UE will experience approximately 3dB PBCH coverage degradation when decoding a 30KHz SCS SSB.

Study the coverage degradation of PBCH and system coverage impacts when decoding the PBCH in a 30KHz SCS SSB by a 5MHz RedCap UE. 

If due to the coverage degradation the Rel-18 5MHz RedCap is not able to decode 30kHz SCS SSB then bands that have 30kHz SCS SSB as the default (as listed in 38.101 Table 5.4.3.3-1) would not be usable by the 5MHz RedCap UE unless these bands also transmit a 15kHz SSB. Even if both SSB could fit within the same carrier, transmitting both would add to the network overhead. 
In bands where the default SCS for the SSB is 30kHz (as listed in 38.101 Table 5.4.3.3-1), a 2nd 15KHz SSB will may be required to be transmitted to support 5MHz Redcap UEs.

In Rel-15 the support for LTE/NR Coexistence (or Dynamic Spectrum Sharing) between LTE and NR was introduced to allow for easier deployment of 5G NR. However, due to the signals in LTE, the 5G NR 30kHz SSB (38.213 30kHz SCS SSB Case B) is required for LTE/NR Coexistence (when not using LTE MBSFN). Hence, without support for 30kHz SSB, Rel-18 5MHz RedCap UE would not be able to use these networks. 
LTE/NR Coexistence (without using MBSFN symbols) is only possible with 30kHz SCS SSB.
Study the impact on LTE/NR Coexistence by a 5MHz RedCap UE. 

Another reason for selecting 20MHz minimum bandwidth for Rel-17 RedCap was in order to reuse the Rel-15 CORESET#0 FR1 configurations. The 15kHz SCS CORESET#0 configurations range from 4.32MHz (24RBs) to 17.28MHz (96RBs) in bandwidth and the 30kHz SCS CORESET#0 configurations range from 8.64 MHz (24RBs) to 17.28MHz (48RBs) in bandwidth. Hence, a Rel-18 5MHz RedCap UE would only be able to fully support a subset of the 15kHz CORESET#0 configurations and none of the 30kHz CORESET#0 configurations. 

For 15kHz SCS CORESET#0, Rel-18 5MHz RedCap UE can support only a subset of the configurations in 38.213.
For 30kHz SCS CORESET#0, Rel-18 5MHz RedCap UE cannot support any of the configurations in 38.213.

Limiting the bandwidth of the CORESET#0 on the carrier to support 5MHz RedCap UE would impact the system capacity, hence, should not be considered. A 5MHz RedCap UE decoding a wider bandwidth CORESET#0 will experience significant coverage degradation or total loss when decoding. These issues will likely lead to the need to specify a new 5MHz Redcap CORESET#0. Creating a new Rel-18 5MHz RedCap UE specific CORESET#0 may be a possible solution but would have large spec impact as the PBCH normally indicates the location and size of the CORESET#0.  If CORESET#0 is used for scheduling RAR, the gNB would also need early indication (such as PRACH partitioning). 

A 5MHz RedCap UE will likely require a new CORESET#0 and early indication which will have large specification and implementation impacts.

From a complexity reduction perspective, both the TR 38.875 (RedCap) [2] and 36.888 (LPWA) [3] concluded that for RF bandwidth reductions, the savings are mainly due to reduced baseband processing. Reducing the bandwidth resulted in minimal or small savings in the RF components.  Given the complexity and spec impact of reducing the minimum bandwidth below 20MHz, the cost/complexity savings from peak data rate reductions should be pursued instead. 
The cost saving from reducing the RF BW is mainly due to reduced baseband processing.
Before the introduction of a 5MHz RedCap UE in Rel 18, specification complexity, UE & NW implementation complexity, complexity reduction, and economies of scale shall be considered.




Reduced UE peak data rate in FR1
In TR 36.888 (LPWA) three techniques for peak data rate reductions were suggested:
1. Reduction of maximum transport block sizes for DL and UL
2. Restricting the number of PRBs in an assignment/grant
3. Restricting the maximum modulation order 
From a system spectral efficiency perspective, options 1 and 2 (above) should not impact spectral efficiency but option 3 would have an impact. Also as concluded by TR 36.888, option 1 (reduction of the maximum TBS) has higher cost savings. Either option 1 or 2 could be used, however option 1 would give more flexibility to the network and should be the technique considered for Rel-18 RedCap UE. 
Limiting the TBS size for Rel-18 RedCap UE can be effective to limit the peak data rate and reduce UE complexity.

Conclusions
1. A 5MHz RedCap UE will experience approximately 3dB PBCH coverage degradation when decoding a 30KHz SCS SSB.
1. Study the coverage degradation of PBCH and system coverage impacts when decoding the PBCH in a 30KHz SCS SSB by a 5MHz RedCap UE. 

In bands where the default SCS for the SSB is 30kHz (as listed in 38.101 Table 5.4.3.3-1), a 2nd 15KHz SSB will may be required to be transmitted to support 5MHz Redcap UEs.
LTE/NR Coexistence (without using MBSFN symbols) is only possible with 30kHz SCS SSB).
Study the impact on LTE/NR Coexistence by a 5MHz RedCap UE. 
For 15kHz SCS CORESET#0, Rel-18 5MHz RedCap UE can support only a subset of the configurations in 38.213.
For 30kHz SCS CORESET#0, Rel-18 5MHz RedCap UE cannot support any of the configurations in 38.213.
A 5MHz RedCap UE will likely require a new CORESET#0 and early indication which will have large specification and implementation impacts.
The cost savings from reducing the RF BW is mainly due to reduced baseband processing.
Before the introduction of a 5MHz RedCap UE in Rel 18, specification complexity, UE & NW implementation complexity, complexity reduction, and economies of scale shall be considered.
Limiting the TBS size for Rel-18 RedCap UE can be effective to limit the peak data rate and reduce UE complexity.
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