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1 [bookmark: _Ref40465791]Introduction
In RAN1#109-e meeting, the following agreements were agreed on the potential options to reduce UE complexity. 
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 present our further views on the details of each option under study and provide the complexity analysis on the options. 
2 Complexity reduction analysis
The further reduced complexity UE (eRedCap UE) is targeting peak data rate of 10Mbps. Assuming a maximum modulation order of 64QAM or 16QAM in the DL and UL, single MIMO layer, and under some typical assumptions of overhead (OH) factors for control channels of 8% and 14% for DL and UL respectively, the achievable peak DL and UL throughputs for 5MHz channel BWs are provided in Table 1. Based on the above calculation, a UE with 5MHz BW is capable to support target peak data rate with a margin.

Table 1: Peak DL/UL throughput in FR1 for 5MHz channel BW 
	Channel BW (MHz)
	Modulation Order
	Peak DL throughput (Mbps)
	Peak UL throughput (Mbps)

	5
	4
	13.4
	14.3

	5
	6
	20
	21.5



Three options for bandwidth reduction (BW/1/2/3) and three options for peak data rate reduction (PR1/2/3) were agreed in last RAN1 meeting for further study. The BW reduction for eRedCap UE can be considered from RF and/or BB parts. The largest complexity reduction can be achieved when the BW of both RF and BB can be reduced to 5MHz (BW1). On the other hand, based on the analysis, the gain from reducing RF BW is relatively small, i.e., the complexity reduction mainly comes from BB part. Therefore, it can be considered to maintain 20MHz RF and reduce BW of BB only. In one option, all control and data processing at BB part can be limited to 5MHz BW (BW2). Another option is to only limit the data channel processing within 5MHz BW (BW3 or PR3). 


Figure 1: Options for BW reduction and peak data rate reduction in RF and/or BB

With BW1/2/3 or PR3, an eRedCap UE is allowed to only receive a reduced number of PRBs/REs which helps to reduce the buffering at UE side. As comparison, for PR1/2, gNB may still schedule any number of PRBs and any number of symbols which results in less complexity reduction. Further, relaxed UE processing timeline for PDSCH and/or PUSCH and/or CSI, e.g., the required values of the timelines can be doubled, can be additionally supported. 
In the following, we provide the evaluation on complexity reduction for the different combinations of the above features in Table 2, Table 3 and Table 4 respectively. The relative reduction compared to a simplest Rel-17 RedCap UE is also provided. The simplest Rel-17 RedCap UE is charactered as 20MHz, 1 MIMO layer, 1 Rx/Tx Chain, 64QAM for DL modulation, for FDD in Table 2, HD-FDD Type A in Table 3 and TDD in Table 4. 
Table 2: Cost reduction in FR1 for 5MHz channel BW for FDD
	FR1 UE complexity reduction technique(s)
	RF
	BB
	RF+BB
	Reduction compared to simplest Rel-17 RedCap UE

	Simplest Rel-17 RedCap UE for FDD
	69.7%
	24.7%
	42.7%
	

	5 MHz BW1, 1L, 1Rx, DL 64QAM
	69.7%
	16.8%
	38.0%
	11.1%

	5 MHz BW2, 1L, 1Rx, DL 64QAM
	69.7%
	17.5%
	38.3%
	10.1%

	5 MHz BW3/PR3, 1L, 1Rx, DL 64QAM
	69.7%
	18.2%
	38.8%
	9.1 %

	5 MHz BW1, 1L, 1Rx, DL 64QAM, Double N1/N2
	69.7%
	14%
	36.3%
	15.0%

	5 MHz BW2, 1L, 1 Rx, DL 64QAM, Double N1/N2
	69.7%
	14.7%
	36.7%
	14.1%

	5 MHz BW3/PR3, 1L, 1Rx, DL 64QAM, Double N1/N2
	69.7%
	15.4%
	37.1%
	13.1%



Table 3: Cost reduction in FR1 for 5MHz channel BW for HD-FDD
	FR1 UE complexity reduction technique(s)
	RF
	BB
	RF+BB
	Reduction compared to simplest Rel-17 RedCap UE

	Simplest Rel-17 RedCap UE, Type A
	58.5%
	24.7%
	38.2%
	

	5 MHz BW1, 1L, 1Rx, DL 64QAM, Type A
	58.5%
	16.8%
	33.5%
	12.4%

	5 MHz BW2, 1L, 1Rx, DL 64QAM, Type A
	58.5%
	17.5%
	33.9%
	11.4%

	5 MHz BW3/PR3, 1L, 1Rx, DL 64QAM, Type A
	58.5%
	18.2%
	34.3
	10.2%

	5 MHz BW1, 1L, 1Rx, DL 64QAM, Type A, Double N1/N2
	58.5%
	14%
	31.8%
	16.8%

	5 MHz BW2, 1L, 1 Rx, DL 64QAM, Type A, Double N1/N2
	58.5%
	14.7%
	32.2%
	15.7%

	5 MHz BW3/PR3, 1L, 1Rx, DL 64QAM, Type A, Double N1/N2
	58.5%
	15.4%
	32.6%
	14.6%

	5 MHz BW1, 1L, 1Rx, DL 64QAM, Type B, Double N1/N2
	55.9%
	14%
	30.8%
	19.5%

	5 MHz BW2, 1L, 1Rx, DL 64QAM, Type B, Double N1/N2
	55.9%
	14.7%
	31.2%
	18.4%

	5 MHz BW3/PR3, 1L, 1Rx, DL 64QAM, Type B, Double N1/N2
	55.9%
	15.4%
	31.6%
	17.3%





Table 4: Cost reduction in FR1 for 5MHz channel BW for TDD
	FR1 UE complexity reduction technique(s)
	RF
	BB
	RF+BB
	Reduction compared to simplest Rel-17 RedCap UE

	Simplest Rel-17 RedCap UE
	52.2%
	17.3%
	31.3%
	

	5 MHz BW1, 1L, 1Rx, DL 64QAM
	52.2%
	10.7%
	27.3%
	12.8%

	5 MHz BW2, 1L, 1Rx, DL 64QAM
	52.2%
	11.3%
	27.7%
	11.6%

	5 MHz BW3/PR3, 1L, 1Rx, DL 64QAM
	52.2%
	11.8%
	28.0%
	10.7%

	5 MHz BW1, 1L, 1Rx, DL 64QAM, Double N1/N2
	52.2%
	8.1%
	25.7%
	17.8%

	5 MHz BW2, 1L, 1 Rx, DL 64QAM, Double N1/N2
	52.2%
	8.7%
	26.1%
	16.6%

	5 MHz BW3/PR3, 1L, 1Rx, DL 64QAM, Double N1/N2
	52.2%
	9.2%
	26.4%
	15.6%



From Tables above, with same assumption as the simplest Rel-17 RedCap UE except BW reduction to 5MHz, it can provide a complexity reduction of 11.1% ~12.8%, 10.1%~11.6%, 9.1%~10.7% for BW1/2/3 or PR3 respectively. It can also be observed that the difference of complexity reduction among BW1/2/3 or PR3 is relatively small.
Further, additional complexity reduction can be achieved by Relaxed UE processing timeline and HD-FDD operation. The gain is almost doubled if all the additional features are considered. 
Observation 1
· With further complexity reduction compared to a simplest Rel-17 RedCap UE, 
· the complexity reduction ranges from 11.1% ~12.8%, for BW1 alone 
· the complexity reduction ranges from 10.1%~11.6%, for BW2 alone
· the complexity reduction ranges from 9.1%~10.7% for BW3/PR3 alone
· The difference of complexity reduction among BW1/2/3 or PR3 is relatively small
· BW1/2/3 or PR3 with additional complexity reduction methods (relaxed UE processing timeline and HP-FDD operation) can achieve doubled reduction gain. 
3 Bandwidth reduction to 5MHz
Three options for bandwidth reduction were agreed in last RAN1 meeting for further study. For BW1/2, all DL/UL channels/signals must be allocated within 5MHz bandwidth. It corresponds to localized 25 PRBs for SCS 15kHz, or 11 or 12 PRBs for SCS 30kHz. On the other hand, BW3 allows the PRB allocation within the 20MHz BWP with a limitation of up to 25 PRBs for SCS 15kHz, or 11 or 12 PRBs for SCS 30KHz can be allocated. There was a discussion on whether the allocated PRBs in BW3 is localized or distributed, however there is no conclusion in last RAN1 meeting. To differentiate with PR3, we prefer to restrict the allocated PRBs to be localized for BW3. As a comparison, distributed PRB allocations in the 20MHz BWP are categorized as PR3. Note: The localized or distributed PRB allocation in the BWP of up to 20MHz BW may have the same level of complexity. 
BW1/2 enable relatively larger complexity reduction. On the other hand, it put high restriction on resource allocations for all DL/UL channels. 
Due to the limited BW for all channels, the special handling on PBCH/SIB1 PDSCH/PDCCH CSS needs to be specially handled in BW1/2. For PBCH, there is no issue for SCS 15kHz. However, BW1/2 eRedCap UE can only do partial reception in case SCS 30kHz. Depending on further discussion, only 11 or 12 PRBs can be received which results in worst PBCH link performance. For PDCCH CSS/SIB1 PDSCH, BW1/2 eRedCap UE may share the channels with legacy UE. If a large number of PRB allocations are assigned to the channels, BW1/2 UEs has to do partial reception too. The performance of Partial reception of the channels is provided by our companion contribution [2].
There is a reduction on the benefit of frequency diversity in BW1/2. For PDSCH, PUSCH and PUCCH transmission, in order to compensate the loss of frequency diversity, inter-BWP frequency hopping can be considered. However, the impact of BWP switching delay needs to be considered. Legacy BWP switching time can be one or multiple slots which results in long delay for the DL or UL transmission. Due to the long BWP switching time, inter-BWP switching within a slot would be infeasible. Therefore, inter-BWP hopping may be only used together with PDSCH repetition in different slots, i.e., PUSCH repetition type A, and PUCCH repetitions. Since multiple hopped BWP can be configured with same transmission parameter except the frequency location, it may be possible that BWP switching time can be reduced. Specifically, for BW2, the BWP switching time may be reduced if the BWP hopping is performed within the 20MHz of the RF of the UE. In our view, this is RAN4 expertise and input from RAN4 is needed. 
For PDCCH, the link level performance degradation is not only caused by loss of frequency diversity but also caused by smaller CCE aggregation level which can be supported by 5MHz BW. For example, up to AL=16 is currently supported in NR systems but currently supported CORESET configuration for 5MHz BW and 3 OFDM symbols only has 12 CCEs. To support same or even larger AL, e.g., even 32 may be required to compensate the loss of frequency diversity gain, options to increase the number of CCEs for a PDCCH candidate can be considered. 
· Option 1: the maximum number of OFDM symbols of a CORESET may be increased to e.g., 6, which provides 24 CCEs in the CORESET
· Option 2: two or more CORESETs can be bundled to provide a PDCCH candidate with larger AL. 

Proposal 1: if BW1 or BW2 is supported
· Inter-BWP hopping may be considered to improve link level performance for PDSCH, PUSCH and PUCCH with repetitions. 
· Study potential solutions to increase the number of CCEs that can be used for PDCCH transmission. 

For BW3, a first clarification is the DL or UL BWP can have a bandwidth of up to 20MHz, though the data transmission is limited to 25 localized PRBs. Frequency diversity gain can be achieved by intra/inter-slot hopping within the DL/UL BWP of up to 20MHz. There is no issue for the transition time compared to legacy UE. It is expected that no enhancement on PDCCH CSS/USS is needed since control signaling can be transmitted in up to 20MHz BWP for BW3. It needs clarification if PBCH with SCS 30kHz (around 7.2 MHz) can be received with puncturing by BW3 eRedCap UE. On the other hand, the same limitation as BW1/2 applies to SIB1 PDSCH reception in BW3. For PUCCH, since the UE of BW3/PR3 would be able to hop with the UL BWP of up to 20MHz with same transition time as Rel-17 RedCap UE, no enhancement to PUCCH is necessary. 

Proposal 2: for BW3
· A DL or UL BWP can have a bandwidth of up to 20MHz
· BW3 is limited to localized PRB allocations for PDSCH/PUSCH transmission within the UL BWP
4 Peak data rate reduction
Three options to limit the peak data rate were agreed in last RAN1 meeting for further study. PR1 is to relax the limitation in the peak data rate calculation in TS38.306. As specified in TS 38.306, for NR, approximate data rate for a carrier is computed by formula (1). PR1 just relaxes . 
      (1)
PR2 is to limit peak data rate by a limitation of the maximum TBS. In fact, the peak data rate calculated by formula (1) and the maximum TBS can be transformed each other. Based on TS 38.214, the maximum number of bits that can be transmitted in a slot can be derived based on the data rate calculated by the above formula. Within a cell group, a UE is not required to handle PDSCH(s) transmissions in slot sj in serving cell-j, and for j = 0,1,2.. J-1, slot sj overlapping with any given point in time, if the following condition is not satisfied at that point in time: 
	                                                      (2)
With PR1 or PR2, it may not result in any limitation on the received REs in a slot if the lowest MCS is used. In such a case, it is expected that the complexity of post-FFT data buffering and receiving processing block, e.g., channel estimation cannot be reduced. On the other hand, limiting the total number of REs for PDSCH/PUSCH transmission in a slot can be considered for further complexity reduction. For example, the maximum number of REs in the data transmission may correspond to 25PRBs in 14 OFDM symbols or be even lower. Based on Table 1, it is possible to pose a stricter restriction on the total number of REs while still meeting the targeting peak data rate of 10Mbps. 
Observation 2: 
· Only limiting peak data rate or maximum TBS may result in no complexity reduction for post-FFT data buffering and receiving processing block.

Proposal 3: For PR1 or PR2, further consider limiting the total number of REs allocated for PDSCH or PUSCH transmission.  

With PR1 or PR2, it is up to gNB to schedule any number of PRB allocation, any number of OFDM symbols and any MCS, subjected to the limited peak data rate. Since it allows a large freedom, it expects to have less complexity reduction. This motivates option PR3. 
PR3 is to limit peak data rate by putting a hard limit on the maximum number of allocated PRBs, i.e., 25 PRBs for SCS 15kHz, 11 or 12 PRBs for SCS 30kHz. The peak data rate can be still calculated with formula (1) by replacing  with 25 or 11 or 12 PRBs instead of the configured BWP size (up to 20MHz). Since PR3 also limits the number of PRBs, it has a similarity compared with BW3 for BW reduction. We prefer to clarify the difference is PR3 allows distributed PRB allocation for PDSCH/PUSCH transmissions. It is not expected that distributed resource allocation has similar level of complexity compared to localized resource allocation. A PR3 eRedCap UE should also support localized PRB allocations.
Proposal 4: for PR3
· Both localized and distributed PRB allocation for PDSCH/PUSCH are supported. 
· The peak data rate is calculated with formula (1) by replacing  with 25 or 11 or 12 PRBs instead of the configured BWP size (up to 20MHz)

5 [bookmark: _Ref53781215]Relaxed UE processing time
Two options to relax processing time were agreed in last RAN1 meeting for further study.
· 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’
Since NR was designed with tight processing time compared to LTE, it will not cause much real performance impacts by relaxing the processing time. For example, comparing for 15 kHz SCS, the UE minimum processing times based on PDSCH processing Capability 1 are at least six times more aggressive than their LTE counterparts at 4 ms. Therefore, for eRedCap UE, it can be considered to relax the processing time for complexity reduction. On the other hand, if UE processing time is relaxed, the network has to perform conservative scheduling assuming an eRedCap UE until gNB knows the type of a UE if blind detection is to be avoided. This motivates the early identification of eRedCap UE. 
Similarly, for A-CSI report, adjustments to CSI processing timelines are warranted. The “fast CSI feedback” requirements are neither necessary nor desirable for use cases targeted for RedCap UEs. This should include simplifications (reductions) to the number of CSI processes (also referred to as CSI processing units (CPUs), the number of ports in a CSI-RS resource, etc. The relaxations to processing times for CSI processing should consider the minimum gaps between A-CSI trigger in the DCI format and the CSI-RS resource, as well as from the CSI-RS to the PUSCH start. Further, such relaxations would be in-line with relaxed N1/N2 values. Otherwise, even with relaxed N1/N2 values, the UE will still have to process MIMO related processing, PDCCH processing, etc. without any relaxations compared to Rel-15 requirements.

Proposal 5: Relax the UE processing time for PDSCH and/or PUSCH and/or CSI should be supported for eRedCap.

6 Other specification impacts
In the existing NR system, the gNB may transmit CORESET #0 and SIB1 PDSCH in a BW larger than 5MHz. However, as discussion in section 3, if BW1/2 is adopted, the CORESET #0 and SIB1 PDSCH need to be limited to 5MHz BW, which requires either separate resource for PDCCH and PDSCH for SIB1 for eRedCap UE and legacy UEs or restriction of the PDCCH/PDSCH within 5MHz decodable by both eRedCap UE and legacy UEs. Limiting PDCCH/PDSCH transmission bandwidth also for legacy UE degrades the performance of the legacy UEs, e.g., the longer delay for initial access. In case of BW3/PR3, legacy CORESET #0 can be directly reused because eRedCap UE can receive DL channel within 20MHz, but potential impact on SIB1 PDSCH transmission depends on whether bandwidth limitation of 5MHz only applies to unicast PDSCH or both unicast and broadcast PDSCH, specially for SIB1. If bandwidth restriction only applies to unicast PDSCH, no special design for the transmission of SIB PDSCH is needed. However, since a SIB PDSCH may be scheduled in up to 20MHz BW and a full slot, it reduces the benefit of complexity reduction on post-FFT data buffer and receiver processing block . According to the analysis in Section 2, relatively large complexity reduction is not demonstrated for any option. In our view, it is slightly preferred to limit the BW of SIB1 PDSCH to 25PRBs as unicast PDSCH. 

Proposal 6: Consider limiting the frequency allocation to no more than 25 PRBs for all broadcast/units PDSCH transmission. 

Even if eRedCap UE can receive SIB1 PDSCH without limitation of 5MHz, it is still desirable that gNB can identify the UE type as early as possible before RRC connection setup. For example, if UE type is not known to gNB, gNB has to perform conservative scheduling for RAR, Msg3 and/or Msg4/MsgB with limited PRBs or REs or with relaxed processing time. The support of early indication of eRedCap UE can address some of the problems. For example, assuming eRedCap UE can be identified by RACH Msg1/MsgA (dedicated initial UL BWP, dedicated RO or dedicated PRACH), gNB can perform a proper scheduling for RAR, Msg3 and/or Msg4/MsgB based on the identified UE type. If eRedCap UE can only be identified by Msg3/MsgA, gNB can only perform a proper scheduling for Msg4/MsgB.

Proposal 7: Early identification of eRedCap UE should be supported.

In the existing NR systems, a UE can receive two broadcast PDSCHs that are overlapped in time, or a broadcast PDSCH and a unicast PDSCH that are overlapped in time. For the low end eRedCap UE, further discussion is needed on whether such requirement can be relaxed. If a scheduling restriction is not desired, a eRedCap UE has to handle the PDSCHs with limited PRBs or REs as discussed in section 3 or 4. 

Proposal 8: Consider limiting the number of broadcast and/or unicast PDSCHs in a slot, or process the broadcast and/or unicast PDSCHs with limited PRBs or REs supported by eRedCap UE.

7 Conclusions
In this contribution, we presented our views on potential complexity reduction techniques and the corresponding cost estimates for eRedCap UEs. Based on the presented discussion, our views can be summarized via the following observations and proposals

Observation 1
· With further complexity reduction compared to a simplest Rel-17 RedCap UE, 
· the complexity reduction ranges from 11.1% ~12.8%, for BW1 alone 
· the complexity reduction ranges from 10.1%~11.6%, for BW2 alone
· the complexity reduction ranges from 9.1%~10.7% for BW3/PR3 alone
· The difference of complexity reduction among BW1/2/3 or PR3 is relatively small
· BW1/2/3 or PR3 with additional complexity reduction methods (relaxed UE processing timeline and HP-FDD operation) can achieve doubled reduction gain. 
Observation 2: 
· Only limiting peak data rate or maximum TBS may result in no complexity reduction for post-FFT data buffering and receiving processing block.

Proposal 1: if BW1 or BW2 is supported
· Inter-BWP hopping may be considered to improve link level performance for PDSCH, PUSCH and PUCCH with repetitions. 
· Study potential solutions to increase the number of CCEs that can be used for PDCCH transmission. 
Proposal 2: for BW3
· A DL or UL BWP can have a bandwidth of up to 20MHz
· BW3 is limited to localized PRB allocations for PDSCH/PUSCH transmission within the UL BWP
Proposal 3: For PR1 or PR2, further consider limiting the total number of REs allocated for PDSCH or PUSCH transmission.  
Proposal 4: for PR3
· Both localized and distributed PRB allocation for PDSCH/PUSCH are supported. 
· The peak data rate is calculated with formula (1) by replacing  with 25 or 11 or 12 PRBs instead of the configured BWP size (up to 20MHz)
Proposal 5: Relax the UE processing time for PDSCH and/or PUSCH and/or CSI should be supported for eRedCap.
Proposal 6: Consider limiting the frequency allocation to no more than 25 PRBs for all broadcast/units PDSCH transmission. 
Proposal 7: Early identification of eRedCap UE should be supported.
Proposal 8: Consider limiting the number of broadcast and/or unicast PDSCHs in a slot, or process the broadcast and/or unicast PDSCHs with limited PRBs or REs supported by eRedCap UE.
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