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Introduction
At the previous RAN1#109-e meeting, the following agreements have been made [1],

	Agreement 
For cost reduction estimation, the detailed cost breakdown for the Rel-15 reference NR devices (as provided in Table 6.1-1 in TR 38.875) is reused.
Agreement 
For comparison with a Rel-17 baseline when evaluating the potential Rel-18 UE complexity reduction features,
· The Rel-17 RedCap UE supports 20 MHz, 1 Rx, 1 layer, DL 64QAM, UL 64QAM, FDD or TDD.
· In addition, optional results for the following comparisons can also be reported:
· Results for HD-FDD UEs
· Results for UEs with 2 Rx
· In all comparisons, the UEs being compared have the same number of antenna branches, the same number of layers, the same maximum supported modulation order, and the same duplex mode (among HD-FDD, FD-FDD, and TDD).

Agreement
· The following options for relaxed UE processing timeline will be studied:
· Option PT1: Relaxation of UE processing time for PDSCH/PUSCH in terms of N1 and N2
· Option PT2: Relaxation of UE processing time for CSI in terms of Z and Z’
· UE complexity reduction estimates for relaxed UE processing timeline are only reported for combinations with UE bandwidth reduction or UE peak rate reduction.
Agreement
· In Option PT1, the relaxation factor for N1 and N2 is 2.
· In Option PT2, the relaxation factor for Z and Z’ is 2.
· The combination of Options PT1 and PT2 is also studied.

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
· 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
· The impact on memory size/cost/complexity (external to the RF and BB parts) from the studied UE complexity reduction features can be considered in the study.
· This potential impact will not be included in the quantitative UE complexity reduction estimates.
· L2 buffer size assumptions can be based on TS 38.306 clause 4.1.4 (“Total layer 2 buffer size for DL/UL”).
· FFS whether/how to capture in the TR
 
Agreement
For each potential Rel-18 further UE complexity reduction feature, at least the following aspects will be studied:
· UE complexity reduction
· Performance impacts [details FFS]
· Network deployment and coexistence impacts [details FFS]
· Specification impacts
 
Agreement
· The restricted number of PRBs in Option PR3 is a hardcoded limit.
 
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.
 
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.
 
Agreement
· UE complexity reduction is studied for the following combinations:
1. Reference case (Rel-17 RedCap UE)
2. BW1 + PT1 + PT2
3. BW3 + PT1 + PT2
4. PR1 + PT1 + PT2
5. PR3 + PT1 + PT2
· In addition, optional results for the following combinations can also be reported:
1. BW1 + PT1
2. BW3 + PT1
3. PR1 + PT1
4. PR3 + PT1
5. BW2 + PT1 + PT2
6. PR2 + PT1 + PT2




In this contribution, we provide our initial views on potential solutions to further reduce UE complexity.
Discussion
UE bandwidth reduction for both RF and BB bandwidths
In previous agreements [1], one of study options is BW1 for further UE bandwidth reduction: Both RF and BB bandwidths are 5 MHz for UL and DL. CORESET for Type0-PDCCH search space is configured with {24, 48, 96} PRBs for 15 kHz SCS and {24, 48} PRBs for 30 kHz SCS, and the maximum bandwidth of CORESET#0 for normal UEs is 17.28MHz. This bandwidth has exceed 5MHz which Rel-18 RedCap UEs support, for the MIB-configured initial DL BWP, how to determine the location of initial DL BWP for Rel-18 RedCap UEs need to be studied. For the SIB-based initial UL and DL BWP, Rel-17 RedCap UEs expect the dedicated configuration if the initial UL or DL BWP indicated in SIB1 is larger than a maximum BWP that a UE supports, so for Rel-18 RedCap UEs, a similar configuration is expected since the narrower bandwidth.
Proposal 1:
· If UE with reduced bandwidth with option BW1 would be supported:
Consider how to determine the MIB-configured initial BWP and SIB-based initial BWP for Rel-18 RedCap UEs
Regarding the MIB-configured initial BWP, it should be preferable Rel-18 RedCap UE can reuse at least legacy SSB and legacy CORESET#0. Otherwise, a dedicated SSB and/or CORESET#0 may need to be specified considering legacy MIB has no room for additional signaling for Rel-18 RedCap UE. New cell search design should be avoided from overhead perspective of the network as well as standardization efforts.
One simplest way would be Rel-18 RedCap UE only support SCS 15 kHz for SSB and CORESET#0 within bandwidth 25 RB, though use case would be quite limited while complexity would be reduced significantly.
Another solution would be Rel-18 RedCap UE may receive legacy SSB of 15 kHz and 30 kHz SCS and any size of CORESET#0 by implementation across multiple SSB burst (e.g. relying on error correction, RF retuning, etc.)

2.2   UE bandwidth reduction only for data channel
In previous agreements [1], one of study options is BW3 for further UE bandwidth reduction: 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.

Currently, for the data scheduling in the connected mode, frequency domain resource assignment in the DCI format 0_0, 1_0, 0_1, 1_1, 0_2 and 1_2 in USS is based on the size of active bandwidth part. If the active downlink or uplink bandwidth part is wider than 5 MHz and up to 20MHz, and the data channel supported by a reduced capability UE is only a maximum bandwidth of 5MHz, there is some impact for the frequency resource allocation. For resource allocation type 0, based on the size of the active bandwidth part, a big RBG size will be selected. The big RBG granularity for a narrow band will reduce the flexibility for the scheduling. For resource allocation type 1, the bits number reserved for FDRA in DCI format is wasted since actual bandwidth of data channel is at most 5MHz. So optimization can be considered to the FDRA field in this case.
Proposal 2:
· If UE with reduced bandwidth with option BW3 would be supported:
Consider optimization to the FDRA field in the dedicated DCI format in USS.

For the common messages, e.g. Paging, MSG3, RAR etc., the frequency domain resource assignment in the DCI format 0_0 and 1_0 in CSS is based on the size of the CORESET #0 or initial uplink or downlink bandwidth part, and it may be wider than 5MHz and not a repetition message. For R18 RedCap UEs, importing dedicated common messages will increase overhead of network, so how to share legacy common messages with normal UEs and R17 RedCap UEs could be studied:
Proposal 3:
· If UE with reduced bandwidth with option BW3 would be supported:
Study how to share legacy common messages with normal UEs and R17 RedCap UEs

This would also need to be considered for UL resources for RO and PUCCH.
Proposal 3.1:
· If UE with reduced bandwidth with option BW3 would be supported:
Study how to share legacy UL resources such as RO and PUCCH with normal UEs and R17 RedCap UEs

2.3   Relaxed UE processing time
The evaluation results in [2] show, relaxed UE processing time (double N1 and N2) also provides cost reduction and low down power consumption. Currently for a normal UE that support capability 2 on a given cell, there are 2 processing capabilities for PDSCH/PUSCH data timing: processing capability 1 is default and processing capability 2 can be enabled by high layer parameter.

In previous agreements [1], one of study options is PT1 for relaxed UE processing timeline: Relaxation of UE processing time for PDSCH/PUSCH in terms of N1 and N2, and the relaxation factor for N1 and N2 is 2. If relaxed UE processing time for Rel-18 RedCap UE is imported, then a third timing capability needs to be defined, and should discuss whether the Rel-18 RedCap UE only support the third timing capability, or can support 2 processing capabilities as normal UE, and choose one of them as the default capability. 

There are some scheduling timing related parameters in current specification which are directly associated with the PDSCH/PUSCH processing time, for example, default TDRA table for PUSCH preparation, the range of K1 and K2, default HARQ-ACK feedback timing set, HARQ-ACK information in response to a SPS PDSCH release etc., so they may need to be updated accordingly. 
There are also some hardcode timing related parameters which are associated with the processing capability implicitly, for example, timing for PDSCH corresponding to SI-RNTI, scheduling timeline condition between a dynamic PDSCH and a SPS PDSCH in Clause 5.1 of TS38.214 etc., suggest to take care and re-estimate these hardcode parameters.

Proposal 4:
· If UE with relaxed UE processing time would be supported
· Update all timing related parameters which are directly associated with the PDSCH/PUSCH processing time
· Take care and re-estimate the hardcode timing related parameters which may be associated with the processing capability implicitly

Summary
In this contribution, we discussed potential solutions to further reduce UE complexity and provide the following proposals.
Proposal 1:
· If UE with reduced bandwidth with option BW1 would be supported:
Consider how to determine the MIB-configured initial BWP and SIB-based initial BWP for Rel-18 RedCap UEs
Proposal 2:
· If UE with reduced bandwidth with option BW3 would be supported:
Consider optimization to the FDRA field in the dedicated DCI format in USS.
Proposal 3:
· If UE with reduced bandwidth with option BW3 would be supported:
Study how to share legacy common messages with normal UEs and R17 RedCap UEs
Proposal 3.1:
· If UE with reduced bandwidth with option BW3 would be supported:
Study how to share legacy UL resources such as RO and PUCCH with normal UEs and R17 RedCap UEs
Proposal 4:
· If UE with relaxed UE processing time would be supported
· Update all timing related parameters which are directly associated with the PDSCH/PUSCH processing time
· Take care and re-estimate the hardcode timing related parameters which may be associated with the processing capability implicitly
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