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Introduction
A new study item on further NR UE complexity reduction was approved with the following objectives [1]:  
	· Study further UE complexity reduction techniques based on Rel-17 evaluation methodology in TR 38.875 [RAN1]
· Consider network impact, coexistence of Rel-17 and Rel-18 RedCap and non-RedCap UEs in a cell, UE impact, specification impact
· 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
· Notes:
· Rel-15 SSB should be reused and L1 changes minimized.
· Operation in BWP with/without SSB and without/with RF retuning should be considered.
· It is not precluded that some solutions for FR1 can be applied to FR2 in WI stage.
· Aim to define a single Rel-18 RedCap UE type for further UE complexity reduction.



Reduced maximum bandwidth to 5MHz in FR1
[bookmark: _Ref95761770]With the maximum UE bandwidth reduced to 5MHz, the maximum number of PRBs for transmission is 25 and 11 with 15kHz SCS and 30kHz SCS, respectively, according to Table 5.3.2-1 in TS 38.101-1 [2]. It immediately comes to mind that PBCH with 20 PRBs exceed 5MHz when SCS is 30kHz. Similarly, since the minimum number of PRBs for CORESET#0 is 24 in both 15kHz and 30kHz SCS, it exceeds the 5MHz limitation as well. 
[bookmark: _Ref102190668]Observation 1: At SCS=30kHz, bandwidth of Rel-15 SSB cannot be confined to 5MHz unless redesign of SSB which is not allowed per SID. 
[bookmark: _Ref102190676]Observation 2: The minimum number of PRBs of CORESET#0 is 24 which exceeds 5MHz with 30kHz SCS. 
Because it has been specified in the SID that Rel-15 SSB should be reused, redesign of SSB including PBCH should not be considered. Therefore, to support 5MHz with 30kHz SCS, it relies on UE implementation to receive PBCH. Figure 1 presents the performance loss when UE is only able to receive and decode PBCH that is punctured from 20 PRBs to 11 PRBs with SCS = 30kHz. Specifically, the red curves represent the performance when full PBCH of 20 PRBs is received and decoded by UE. The blue curves represent the performance when only 11 out of 20 PRBs of PBCH transmission is received and used for decoding by UE. With a target block error rate (BLER) of 1%, the performance loss due to puncturing PBCH is 9.5 dB in static channel and 7.9 dB in TDL-A channel. Of course, the performance can be improved by receiving and softly combining multiple PBCH repetitions which require longer latency. 
[bookmark: _Ref102190684]Observation 3: At SCS=30kHz, performance loss is 9.5 dB in static channel and 7.9 dB in TDL-A channel when PBCH is punctured to 11PRBs at UE’s receiver. 
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[bookmark: _Ref102157281]Figure 1: Compared with full PBCH reception over 20 PRBs, performance loss of PBCH punctured to 5MHz (i.e., 11 PRBs) with SCS = 30kHz
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[bookmark: _Ref102164660]Figure 2: Performance of SIB1 punctured or re-allocated to 5MHz (i.e., 11 PRBs) with SCS=30kHz

Following PBCH evaluation, SIB1 reception performance is evaluated. In the simulations, we assume Type0-PDCCH is correctly decoded and only the BLER of SIB1 PDSCH is presented. In addition, we assume that UE receives four SIB1 repetitions with RV sequence [0, 0, 0, 0]. In the setting for benchmark, we assume network strives to maximum cell coverage and allocates the full 20 MHz bandwidth (i.e., 48 PRBs in our simulations) for SIB1 transmission. The corresponding performance results are shown in red in Figure 2. With those as baseline, we then further evaluate the performance loss when only 11 PRBs out of the entire 48 PRBs of SIB1 are received and used for SIB1 decoding. In other words, 37 PRBs out of 48 PRBs are punctured. The results are shown in blue in Figure 2. You can see the performance loss between a red curve and a blue curve is 11.6 dB in static channel and 16.9 dB in TDL-A channel. Note that without soft combining, the performance of punctured SIB1 cannot reach the 10% BLER target. 
[bookmark: _Ref102190691]Observation 4: Compared with full reception of SIB1 over 48 PRBs, performance losses of 11.6 dB and 16.9 dB are observed in static channel and TDL-A channel, respectively, when SIB1 PDSCH reception is punctured to 11 PRBs and soft combining of four SIB1 repetitions with repetition versions [0, 0, 0, 0] is performed. 

Besides the above approach, network can reconfigure and reallocate SIB1 PDSCH to 11 PRBs. In this way, UEs that can only support 5MHz can receive the entire SIB1 PDSCH without puncturing and the results are shown in light green in Figure 2. Again, compared with the benchmark performance in red curves i.e., transmission and reception over full 48 PRBs, the second approach results in performance loss of 6.6 dB and 9.5 dB in static channel and TDL-A channel, respectively. This implies cell coverage loss and impact on legacy UEs.
[bookmark: _Ref102190699]Observation 5: If NW transmits SIB1 over 11 PRBs instead of 48 PRBs, performance loss is 6.6 dB and 9.5 dB in static channel and TDL-A channel, respectively. This implies cell coverage loss and impact on legacy UEs. 
Finally, we also want to point out that soft combining is only feasible for channels/signals that are repeatedly transmitted and is at the expense of potential UE implementation changes, for example, reception of SIB1. However, soft combining is not feasible for signals/channels that are not repeatedly transmitted, for example, paging and RACH messages unless network is willing to increase system overhead. 
[bookmark: _Ref102190706]Observation 6: Soft combining is not feasible for other broadcast signals such as paging and RACH messages unless network is willing to increase system overhead and repeat these transmissions. 
With the above identified issues, we have the following proposal regarding the support for 5MHz: 
[bookmark: _Ref102190723]Proposal 1: If UE maximum bandwidth is reduced to 5MHz, only 15kHz SCS should be considered in the work item phase for the support of 5MHz maximum UE bandwidth. 
Reduced peak data rate
The target peak data rate for Rel-18 RedCap is 10Mbps. In contrast, the peak data rate requirement for Rel-17 RedCap is at least 150Mbps. Even with the maximum UE bandwidth reduction to 5MHz, there is still room for relaxation in other dimensions such as modulation order. With further reduction on modulation order, both SNR and RF requirements can be relaxed which can lead to potential further cost reduction.  
[bookmark: _Ref102190730]Proposal 2: Consider further reduction on maximum modulation to 16QAM. 
Relaxed UE processing timeline
With relaxation on UE processing time requirements, UE can reduce its cost. Hence, relaxation on UE processing timeline for PDSCH/PUSCH and CSI computation should be considered. Furthermore, if the number of tasks UE must process per time unit can be reduced, further cost reduction can be observed. 
[bookmark: _Ref102190736]Proposal 3: Consider relaxed UE processing timeline for PDSCH and PUSCH and CSI compared to UE capability 1. 
[bookmark: _Ref102190754]Proposal 4: Consider reduced number of scheduling per time unit. 
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Figure 3: Further UE complexity reduction by limiting the number of scheduled PDSCH/PUSCH per time unit  

Conclusions 
In this contribution, we have made the following observations and proposals. 
Observation 1: At SCS=30kHz, bandwidth of Rel-15 SSB cannot be confined to 5MHz unless redesign of SSB which is not allowed per SID.
Observation 2: The minimum number of PRBs of CORESET#0 is 24 which exceeds 5MHz with 30kHz SCS.
Observation 3: At SCS=30kHz, performance loss is 9.5 dB in static channel and 7.9 dB in TDL-A channel when PBCH is punctured to 11PRBs at UE’s receiver.
Observation 4: Compared with full reception of SIB1 over 48 PRBs, performance losses of 11.6 dB and 16.9 dB are observed in static channel and TDL-A channel, respectively, when SIB1 PDSCH reception is punctured to 11 PRBs and soft combining of four SIB1 repetitions with repetition versions [0, 0, 0, 0] is performed.
Observation 5: If NW transmits SIB1 over 11 PRBs instead of 48 PRBs, performance loss is 6.6 dB and 9.5 dB in static channel and TDL-A channel, respectively. This implies cell coverage loss and impact on legacy UEs.
Observation 6: Soft combining is not feasible for other broadcast signals such as paging and RACH messages unless network is willing to increase system overhead and repeat these transmissions.

Proposal 1: If UE maximum bandwidth is reduced to 5MHz, only 15kHz SCS should be considered in the work item phase for the support of 5MHz maximum UE bandwidth.
Proposal 2: Consider further reduction on maximum modulation to 16QAM.
Proposal 3: Consider relaxed UE processing timeline for PDSCH and PUSCH and CSI compared to UE capability 1.
Proposal 4: Consider reduced number of scheduling per time unit.
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