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Discussion and decision
1 Introduction
In RAN 1 #102e, the cost breakdown for reference UEs of FR1 FDD/TDD and FR2 were agreed, as well as the following agreements:
Agreements:

· For cost/complexity reduction analysis, the RF-to-baseband cost ratio for an FR1 UE is assumed to be 40:60.

· For cost/complexity reduction analysis, the RF-to-baseband cost ratio for an FR2 UE is assumed to be approximately 50:50.

Agreements:

· For RedCap UEs in FR1, 

· The baseline UE bandwidth capability is 20 MHz, which can be assumed during the initial access procedure. 

· Discuss further by email whether there is an issue or a necessity in achieving up to 150Mbps assuming a 20MHz and rank 1 transmission. 

Agreements:

· For the purpose of evaluation, the UE processing time in terms of N1/N2 can be assumed to be doubled compared to those of capability #1, i.e.,

· N1 = 16, 20, 34, and 40 symbols for 15, 30, 60, and 120 kHz SCS (assuming only front-loaded DMRS)

· N2 = 20, 24, 46, and 72 symbols for 15, 30, 60, and 120 kHz SCS

Agreements:

· Study of relaxed UE processing time related to CSI computation is not prioritized in the RedCap study item.

Agreements:
· For FR1 DL, study relaxation of maximum mandatory modulation to 64QAM instead of 256QAM.

· For FR1 UL, study relaxation of maximum mandatory modulation to 16QAM instead of 64QAM.

· For FR2 DL, study relaxation of maximum mandatory modulation to 16QAM instead of 64QAM.

· For FR2 UL, study relaxation of maximum mandatory modulation to 16QAM instead of 64QAM.
· Restriction to 1 or 2 MIMO layers in DL can be studied.
· No TBS restriction is considered in this SI beyond the implicit TBS restrictions resulting from reduced UE bandwidth or reduced number of MIMO layers.
Agreements:

· In potential cost evaluations for a UE, it is assumed that the multi-band support affects the RF cost but not the baseband cost significantly.

· In the TR, at least include a qualitative statement; relevant numerical results can also be considered.
Agreements:

· For the baseline UE bandwidth capability of RedCap UEs, the same maximum UE bandwidth in a band applies to both RF and baseband.

· This maximum UE bandwidth applies to both data and control channels.

· This maximum UE bandwidth is assumed for both DL and UL.

· Complexity analyses with other mixes of bandwidths are not precluded.
This paper will discuss methodology of evaluation on UE complexity reduction, and techniques of reducing UE complexity.
2 Techniques of UE complexity reduction
2.1 Reduced number of UE RX/TX antennas
For TDD, two cases that reduced from 4Rx to 2Rx and to 1Rx is considered. For FDD, Rx antennas reduction from 2 Rx to 1 Rx is considered. 
Complexity Reduction
Reduced number of UE antennas provides cost reduction from both RF part and baseband part. For RF part, except for duplexer/switch and power amplifier, all the other blocks can have some complexity reduction. For Baseband part, different from LTE Cat 1 that only supports single layer DL reception, NR device supports 2/4 layers DL MIMO depending on the number of Rx antennas. Therefore, if reducing the number of Rx antennas, LDPC decoding, HARQ buffer, and MIMO specific processing blocks can also provide complexity reduction accordingly. That is, except DL control processing & decoder and UL processing block, all the other blocks can have some complexity reduction. The total complexity reductions from UE Rx antennas reduction are summarized in Table 1. Note, in the cost analysis, MIMO layer is assumed to be reduced accordingly, i.e., 2 MIMO layer with 2 Rx antennas and 1 MIMO layer with 1 Rx antenna. 
Observation #1: 
· Reduced number of UE Rx antennas from 2Rx to 1Rx for FDD and TDD can reduce cost to 62% and 58% respectively. 
· Reduced number of UE Rx antennas from 4Rx to 2Rx/1Rx for TDD can reduce cost to 59% and 38% respectively. 
Table 1 Summary of complexity reduction for reduced number of UE Rx antennas
	
	FR1 FDD
	FR1 TDD
	FR2 TDD

	2Rx to 1 Rx
	62%
	-
	59.3%

	4Rx to 1 Rx
	-
	38.1%
	-

	4Rx to 2 Rx
	-
	58.7%
	-


Performance Impact 

UE Rx antennas reduction will reduce DL coverage and DL data rate, as well as DL spectral efficiency. Based on the simulation results on DL coverage in [1], PDSCH and PDCCH are not the bottleneck channels for most of the cases. However, in order to provide similar performance for a UE with a given SINR, more DL resource is needed. That is, more UEs will be in medium and poor coverage. It will increase the DL blocking probability, more detailed results can be found in [2]. On the other hand, there is no impact on UL coverage, UL data rate or UL spectral efficiency. 
With less antenna, less supply current is expected, for both active and inactive mode. From this perspective, there will have some power saving with reduced number of Rx antennas. However, on the other hand, with reduced DL data rate, longer receiving time is needed for a given TB. In this case, the impact on UE power consumption is negative. The actual impact on UE power saving will depend on traffic. For example, for sparse traffic, DL Rx reduction may provide power saving
Observation #2: DL performance including coverage, data rate and spectral efficiency will be reduced due to reduced number of UE Rx antennas.

Observation #3: PDCCH blocking probability will increase due to DL coverage degradation. 

Observation #4: UE power consumption impact depends on DL traffic.
Coexistence Impact
RedCap UEs with less Rx antenna can coexist with legacy UEs in general. However, due to reduction of Rx, lower SINR will be observed at UE side. If RedCap UE shares the same DL common channel, gNB needs to use more resource. In addition, it is benefit for gNB to early learn that the UE has less Rx, e.g., during RACH procedure. Otherwise, gNB need to use more DL resources for both legacy UEs and RedCap UEs with 1 or 2 Rx to make sure RAR can be decoded.
Observation #5: RedCap UEs with reduced number of UE Rx antennas can coexist with legacy UEs with early indication Redcap capability or use more DL resource for all UEs to ensure the DL coverage. 
Spec Impact
Some additional specification work is expected in RAN 4 for single Rx antenna of RedCap UEs, to define ccorresponding receiver characteristics, performance requirements and requirements relating to the reporting of channel state information.  
PDCCH performance loss needs to be compensated and PDCCH blocking issue needs to be solved. For example, PDCCH repetition, larger AL, long CORESET duration, compact DCI can be considered to improve coverage of PDCCH. Group scheduling and CSI report enhancement can be considered to reduce PDCCH overhead to solve PDCCH blocking issue. 

In addition, early indication of RedCap UE with less Rx antenna is beneficial so that gNB can choose a proper resource allocation for Msg 2/4/B for RedCap UE with less Rx antenna. For example, indication via PRACH or Msg A/3. 
Observation #6: For RAN 4, performance requirements needs to be defined. 
Proposal #1: Support reduced number of UE Rx antennas to 1 with PDCCH enhancement for coverage overhead reduction. Early UE capability report with number of Rx antenna is supported in RACH procedure. 
2.2 UE bandwidth reduction 

It was agreed in RAN 1 that, at least for initial access, 20MHz maximum UE bandwidth for FR 1 and 50/100MHz maximum UE bandwidth for FR 2 are considered. In the following analysis, same bandwidth is considered for UL and DL. 
Complexity Reduction

Complexity reduction for UE bandwidth reduction is from both RF and baseband parts. In RF part, since the sampling rate can be reduced, there are some saving on RF transceiver. For baseband part, most of blocks can have some complexity reduction with bandwidth reduction, except DL control processing & decoder, and cell search block. For UL processing block and MIMO specific processing blocks, the impact is limited. The complexity with UE bandwidth reduction for different cases are summarized in Table 2.
Observation #7: 
· Reduced bandwidth from 100MHz to 20MHz for FR 1 for FDD and TDD can reduce cost to 70% 

· Reduced bandwidth from 200MHz to 100/50MHz for FR 2 can reduce cost to ~86%/75% respectively
Table 2 Summary of complexity reduction for reduced UE bandwidth
	Cost/complexity reduction
	BW reduction from 100MHz to 20MHZ for FR1 for FDD
	BW reduction from 100MHz to 20MHZ for FR1 for TDD
	BW reduction from 200MHz to 100MHZ/50MHz for FR2

	RF
	91%
	89%
	95%/91%

	Baseband 
	56%
	57%
	76%/58.5%

	Total 
	70%
	70%
	85.5%/74.8%


Performance Impact 
Bandwidth reduction will result in peak data rate reduction for both DL and UL. The coverage loss for reduced bandwidth is mainly due to the loss in frequency diversity for PUSCH/PUCCH and PDSCH/PDCCH. However, different from eMTC, 20MHz for FR1 and 100MHz/50MHz for FR2 can already provide quite a lot of frequency diversity. The coverage of PRACH and SSB, are not impacted.  
There may be some degradation in DL and UL spectral efficiency due to the loss in frequency selective scheduling gain. In addition, the network capacity is not expected to be much with multiple BWPs operation, with which, RedCap UE with reduced bandwidth can be served on different frequency locations. However, with limited BW, it will limited the choices of CORESET 0 for FR 2 with 50MHz BW. All the UL and DL traffic before RRC connection setup and UE specific RRC configuration needs to be transmitted on the bandwidth of CORESET 0. This may have some impact on the network capacity, especially the capacity of initial access. 
Observation #8: Some coverage loss due to bandwidth reduction is expected for some channels (e.g. PUSCH/PDSCH), but is it not expected to be much. The coverage of PRACH and SSB are not impacted.  

Observation #9: There may be some degradation in DL and UL spectral efficiency. Network capacity may be impacted for initial access. 
Coexistence Impact
For initial access, NR supports 3.6MHz/7.2MHz SSB bandwidth for FR 1 and 28.8MHz/57.6MHz SSB bandwidth for FR 2. The configurable bandwidth of CORESET 0 is from 4.32MHz ~ 17.28MHz for FR1 and 34.56MHz ~ 69.12MHz for FR2. For FR 1, the SSB and CORESET 0 can be shared between legacy UEs and RedCap UEs with 20MHz BW. For FR2, there are some restriction on the SSB and CORESET 0 configuration for 50MHz BW, and all the SSB and CORESET 0 configurations can be shared between legacy UEs and RedCap UEs with 100MHz BW. In addition, with bandwidth reduction, PDCCH blocking probability will increase. 

Observation #10: RedCap UEs with reduced bandwidth can coexist with legacy UEs. However, there are some restriction on SSB and CORESET 0 configuration for FR 2 for RedCap UE with 50MHz bandwidth.  
Observation #11: PDCCH blocking probability will increase with bandwidth reduction. 
Specification Impact 

In order to address the potential impact on network capacity for initial access, multiple initial BWPs, or dedicated CORESET 0/initial BWP from legacy UEs can be considered. Alternatively, RedCap UEs operating in a wider BWP bandwidth, with allocated transmission and reception bandwidth no more than bandwidth of RedCap UE can be considered. For example, separated SSB and CORESET 0 /Type 0 common search space from legacy UE can be considered by reusing Rel-15 SSB design with different channel raster. Alternatively, a shared SSB but separated CORESET 0/Type 0 common search space, or for different CORESET/ Type 0 common search space for RAR/Msg 3/Msg 4 and/or paging outside from CORESET 0/Type 0 common search space can be considered to find more resource for PDCCH and increase network capacity by offloading common traffic for RedCap UEs from COREST 0/Type 0 common search space of legacy UEs. Moreover, with separated CORESET 0 /Type 0 common search space from legacy UEs, it is easy to find more resource to recover the coverage loss due to bandwidth reduction or other complexity reduction techniques. 
In addition, channel sounding or CSI report for non-active BWPs is beneficial for improving spectral efficiency and congestion control.  NR Rel-16 only supports CSI report or channel sounding for active BWP, spectral efficiency for data transmission or reception after RRC connection is an issue for RedCap UE with reduced operating BW. When the maximum UE BW for a RedCap UE is smaller than carrier bandwidth, the RedCap UE only operates in an active BWP with limited BWP, thus allows CSI acquisition only for a narrowband. With the CSI for both active BWP and non-active BWPs, gNB can switch the UE to an ideal BWP with better channel to achieve high spectral efficiency and better coverage.  To obtain CSI outside active BWP, either CSI measurement or report for non-active DL BWPs or channel sounding based on SRS transmission for non-active UL BWPs can be considered. For the benefit of less spec impact, periodic/semi-persistent SRS transmission or CSI report outside active BWPs can be supported. Alternatively, aperiodic SRS transmission or CSI report can be extended for both active BWPs or non-active BWPs. 

Proposal #2: Support bandwidth reduction to 20MHz for FR 1 and 100MHz/50MHz for FR 2, with following specification changes can be considered: 

· Initial BWP enhancement including at least  one of following: dedicated initial BWP, multiple initial BWPs, enhancement on COREST 0, or narrow band Redcap UEs operate in a wide band system
· SRS transmission or CSI report for inactive BWP(s). 
2.3 Half-Duplex-FDD 

Two types of HD-FDD operations are defined: Type A is to remove the duplexer, and Type B HD-FDD assuming shared oscillator between UL and DL. 
Complexity Reduction

The cost saving reduction of HD-FDD comes from removing the duplexer for Type A HD-FDD, and Type B HD-FDD additionally removal of one oscillator.  As shown in Table 3, complexity can be reduced to 94% and 90% for Type A/B HD-FDD respectively. This cost saving can be additionally achieved with most of all the other techniques. 
Observation #12: For FR 1 FDD, complexity can be reduced to 94%/90.4% for Type A/B HD-FDD respectively.
Table 3 Complexity analysis for HD-FDD

	
	Type A
	Type B

	RF
	85%
	76%

	Baseband
	100%
	100%

	Total
	94%
	90.4%


Performance Impact
NR can configure time domain resource allocation very flexibly, to give enough gap for UL/DL switching. Therefore, no coverage loss is expected. On the other hand, the noise figure of a switch-based receiver RF chain is less than that of a duplexer-based receiver RF chain, allowing HD-FDD UE receivers to be more sensitive than FD-FDD UE receivers. Therefore, it will provide some positive impact for coverage. Since gNB will operate in a full duplex FDD mode, the UL or DL resource can be allocated to another UE. Therefore, it is expected that cell spectral efficiency is not impacted when HD-FDD RedCap UEs are supported.
Observation #13: The coverage and spectral efficiency are not impacted when HD-FDD UEs are supported. 
Coexistence Impact
For Type B HD-FDD UE, the switching time is expected to be large, e.g., slot level. Therefore, if gNB cannot differentiate from other UEs, gNB might need to schedule (e.g., send RAR) all the UEs as Type B HD-FDD UE. 
Observation #14: Potential impact on RACH procedure to support Type B HD-FDD UE is expected. 
Specification Impact
RAN 4 needs to define switching time and operation band (if needed). RAN 1 spec may already can support HD-FDD with UL/DL configuration.  Some additional specification impact on RACH procedure may be needed to support Type B HD-FDD UE. 
Proposal #3: It is recommended to consider both Type A and Type B HD-FDD for RedCap UE with potential enhancement on RACH procedure for at least Type B HD-FDD. 
2.4 Relaxed UE processing time 

Relaxing UE processing time includes relaxed processing time for PDSCH decoding (N1 to double), and relaxed processing time for PUSCH preparing (N2 to double).  
Complexity Reduction

No cost reduction on RF part is expected with UE processing time relaxation. For baseband, increasing PUSCH preparing time reduction can reduce the complexity of UL processing block. Similarly, if N2 is double, the complexity of receiver processing block as well as LDPC decoding can be reduced. If CSI computation time can be further relaxed, some additional cost reduction can be obtained in MIMO specific processing blocks. Table 4 summarized the cost with relaxed UE processing time assuming doubled N1 and N2, and together with CSI computation time relaxation. 
However, most of the functional blocks will be reduced significantly with bandwidth reduction or Rx antenna reduction. The gain is not directly added but will decrease.  Therefore, considering the potential support of BW reduction and Rx antenna reduction, the complexity reduction from Relaxed UE processing time is limited. 

Table 4 Complexity analysis for relaxed UE processing time
	
	FR1 FDD
	FR1 TDD
	FR2

	N1 and N2 relaxation
	95.2%
	94.3%
	95.8%

	N1 and N2 relaxation and Z relaxation
	92.5%
	91.6%
	89.8%


Observation #15: Relaxing PDSCH decoding time and PUSCH preparing time to double can reduce the cost to ~95%. If CSI computation time is further relaxed, the cost can be additionally reduced 2.7%-6% However, if combining with other techniques, the effective complexity reduction is limited. 
Performance impact
Relaxing UE processing time is not expected to impact on coverage. Since gNB can schedule other UEs during UE processing time, it will not impact on spectral efficiency or network capacity. However, it may have negative impact on UE data rate, which depends on HARQ RTT time. 
For power consumption, with the cost saving on reduced processing time, it cannot achieve power consumption gain unless further relaxing UE processing time.  
Observation #16: The coverage and spectral efficiency are not impacted when UE processing time is relaxed. The data rate may or may not be reduced and power saving cannot be obtained unless further relaxing UE processing time. 
Coexistence Impact and specification Impact

RAN 1 need to introduce PUSCH/PDSCH processing time for a new capability #0. In addition, some new timing offset is needed during RACH procedure for RedCap UE with larger processing time. For example, a new TDRA table or extra K2 for RAR to Msg 3 transmission and Msg 3 retx, and a new HARQ-ACK timing for Msg 4 are needed. This requires separated PRACH resource from NR UEs, otherwise, it will have scheduling restriction in RACH procedure.  . 
Observation #17: In order to coexistence with legacy UEs, some specification change or scheduling restriction is needed for random access. 
Proposal #4: It is not recommended to introduce two UE types with different UE processing time capability for RedCap UE. 
2.5 Relaxed UE processing capability 

Several techniques were agreed to study in RAN 1 #102-e, including: 
· Reducing the maximum number of MIMO layers
· Maximum modulation order restriction
Complexity Reduction
Reducing MIMO layers will only bring some complexity gain in baseband. Therefore, the baseband cost reduction on LDPC decoding and HARQ buffer can be obtained. However, the gain on MIMO layers reduction is fully overlapped with reduced UE Rx antennas. 

 Restriction on modulation order can relax EVM, therefore it can provide some complexity reduction in PA and RF transceiver with UL and DL modulation restriction respectively. With combination of other techniques, e.g., Rx antenna reduction or UE bandwidth reduction, the cost reduction will be less. 
Observation #18: The complexity reduction for reduced MIMO layers can reduce cost to 91%~95%, where the saving is fully covered by UE Rx antennas reduction. 
Observation #19: Restriction on modulation order can reduce complexity to 91%. 
Table 5 Complexity analysis for relaxed UE processing capability

	
	FR1 FDD
	FR1 TDD
	FR2

	MIMO layer reduction
	From 2 to 1
92.8%
	From 4 to 2   93.7%
From 4 to 1   90.6%
	From 2 to 1
95%

	Relaxed DL modulation
	92%
	92%
	93%

	Relaxed UL modulation
	99%
	99%
	98%

	Relaxed UL and DL modulation 
	91%
	91%
	91%


Coverage analysis / Performance impact
MIMO layer reduction will reduce the DL data rate and DL spectral efficiency, but it is not expected to impact on coverage. Since DL antenna is kept the same, there is no power saving. Since the data rate is reduced, longer receiving time is needed to receive a DL TB. Therefore, it will have negative impact on UE power saving. 
Restrict maximum modulation order will reduce peak data rate and cell spectral efficiency, but there is no impact on coverage. There may have some saving on RF part but the receive/transmit time may be longer for high data rate case. 

Observation #20: The coverage is not impacted with reduction of MIMO layer or restriction on modulation order, but the spectral efficiency and (peak) data rate will have degradation. Reduced MIMO layer may have negative impact on UE power consumption, and the impact of relaxed modulation depends.
Coexistence Impact and Specification Impact
There will not be coexistence issues with legacy UEs. And the specification impact is limited. 

Observation #21: Redcap UE with UE processing capability reduction as discussed above can coexist with legacy UEs. Limited specification impact is expected.

Based on the observations and analysis above, it is recommended to consider relaxed UL and Dl modulation. 
Proposal #5: Relaxed UL and DL modulation can be considered. Reduced maximum number of MIMO layers is not considered for Redcap UE.  
3 Combination and recommendation

Table 6 summarizes cost analysis for each techniques. Antenna reduction and bandwidth reduction provide the significant gain in terms of cost saving. MIMO layer reduction cannot provide additional gain with corresponding antenna reduction. 
For most of the techniques, the cost saving cannot be directly added on, except for HD-FDD, which contribute duplexer and oscillator. For HD-FDD, additional 6% and 10 % of cost gain can be obtained on top of all the combination. Table 7 summarizes some combination of cost reduction techniques. Table 8 summarizes the cost reduction, performance impact, coexistence impact and specification impact. Based on the above analysis, it is recommended to support the combination of at least following techniques:

· Reduced number of Rx to 1 Rx for all band

· UE bandwidth reduction to 20MHz for FR1; 50MHz and 100MHz for FR 2.

· HD-FDD as optional feature for RedCap for HD-FDD

· Relaxed UL and DL modulation
Table 6 Summary of complexity analysis

	Techniques
	FR1 FDD
	FR1 TDD
	FR2 TDD

	Reduced number of Rx antenna
	2Rx to 1 Rx
	62%
	-
	59.3%

	
	4Rx to2/1 Rx
	-
	58.7%/38.1%
	-

	UE bandwidth reduction
	70%
	70%
	85.5%/74.8%

	HD-FDD
	94% (Type A)

90% (Type B)
	-
	-

	N1 and N2 relaxation
	95.2%
	94.3%
	95.8%

	MIMO layer reduction
	2 to 1
	From 2 to 1
92.8%
	-
	From 2 to 1
95%

	
	4 to 2/1
	-
	93.7%/90.6%
	-

	Relaxed UL and DL modulation
	91%
	91%
	91%


Table 7 Summary of complexity analysis
	Combination
	FR1 FDD
	FR1 HD-FDD
	FR1 TDD
2Rx/1Rx
	FR2
100MHz/50MHz

	Reduced Rx ant.+ UE bandwidth
	47%
	41%/37%
	43.5%/30.5%
	52%/46.6%

	Reduced Rx ant. + UE bandwidth + Relaxed modulation
	43.4%
	37.4%/33.4%
	40.5%/28.4%
	47.6%/43.04%

	Reduced Rx ant. + UE bandwidth + N1 and N2 relaxation
	45.1%
	39.1%/35.1%
	42.1%/29.5%
	49.7%/44.9%

	Reduced Rx ant. + UE bandwidth + Relaxed modulation +N1 and N2 relaxation
	42.6%
	36.6%/32.6%
	39.6%/27.7%
	46.2%/42.2%


Table 8 Summary of cost reduction and impacts for each techniques
	Techniques
	Cost Reduction
	Performance Impact
	Coexistence Impact
	Specification Impact

	Reduced number of Rx antenna
	Significant
	Acceptable 
	Can be optimized
	Some

	UE bandwidth
	Larger 
	Acceptable
	Can be optimized 
	Some

	HD-FDD
	Additional some
	Limited
	No issue for type A.
	limited

	N1 and N2 relaxation
	Very Limited
	Limited
	Can be solved with separated PRACH resource
	limited

	Relaxed modulation
	Limited
	Limited
	No
	Very limited

	Reduced MIMO layer
	Very limited and no additional saving with antenna reduction
	Acceptable
	No
	Very limited


4 Conclusion
The paper provided some discussion on UE complexity reduction. The following observations were provided:
Observation #1: 
· Reduced number of UE Rx antennas from 2Rx to 1Rx for FDD and TDD can reduce cost to 62% and 58% respectively. 

· Reduced number of UE Rx antennas from 4Rx to 2Rx/1Rx for TDD can reduce cost to 59% and 38% respectively. 
Observation #2: DL performance including coverage, data rate and spectral efficiency will be reduced due to reduced number of UE Rx antennas.

Observation #3: PDCCH blocking probability will increase due to DL coverage degradation. 

Observation #4: UE power consumption impact depends on DL traffic.

Observation #5: RedCap UEs with reduced number of UE Rx antennas can coexist with legacy UEs with early indication Redcap capability or use more DL resource for all UEs to ensure the DL coverage. 
Observation #6: For RAN 4, performance requirements needs to be defined. 

Observation #7: 
· Reduced bandwidth from 100MHz to 20MHz for FR 1 for FDD and TDD can reduce cost to 70% 

· Reduced bandwidth from 200MHz to 100/50MHz for FR 2 can reduce cost to ~86%/75% respectively
Observation #8: Some coverage loss due to bandwidth reduction is expected for some channels (e.g. PUSCH/PDSCH), but is it not expected to be much. The coverage of PRACH and SSB are not impacted.  

Observation #9: There may be some degradation in DL and UL spectral efficiency. Network capacity may be impacted for initial access. 

Observation #10: RedCap UEs with reduced bandwidth can coexist with legacy UEs. However, there are some restriction on SSB and CORESET 0 configuration for FR 2 for RedCap UE with 50MHz bandwidth.  

Observation #11: PDCCH blocking probability will increase with bandwidth reduction. 
Observation #12: For FR 1 FDD, complexity can be reduced to 94%/90.4% for Type A/B HD-FDD respectively.
Observation #13: The coverage and spectral efficiency are not impacted when HD-FDD UEs are supported. 
Observation #14: Potential impact on RACH procedure to support Type B HD-FDD UE is expected. 
Observation #15: Relaxing PDSCH decoding time and PUSCH preparing time to double can reduce the cost to ~95%. If CSI computation time is further relaxed, the cost can be additionally reduced 2.7%-6% However, if combining with other techniques, the effective complexity reduction is limited. 
Observation #16: The coverage and spectral efficiency are not impacted when UE processing time is relaxed. The data rate may or may not be reduced and power saving cannot be obtained unless further relaxing UE processing time. 
Observation #17: In order to coexistence with legacy UEs, some specification change or scheduling restriction is needed for random access. 
Observation #18: The complexity reduction for reduced MIMO layers can reduce cost to 91%~95%, where the saving is fully covered by UE Rx antennas reduction. 

Observation #19: Restriction on modulation order can reduce complexity to 91%. 
Observation #20: The coverage is not impacted with reduction of MIMO layer or restriction on modulation order, but the spectral efficiency and (peak) data rate will have degradation. Reduced MIMO layer may have negative impact on UE power consumption, and the impact of relaxed modulation depends.
Observation #21: Redcap UE with UE processing capability reduction as discussed above can coexist with legacy UEs. Limited specification impact is expected.

Based on the observations, we proposed:
Proposal #1: Support reduced number of UE Rx antennas to 1 with PDCCH enhancement for coverage overhead reduction. Early UE capability report with number of Rx antenna is supported in RACH procedure. 

Proposal #2: Support bandwidth reduction to 20MHz for FR 1 and 100MHz/50MHz for FR 2, with following specification changes can be considered: 

· Initial BWP enhancement including at least  one of following: dedicated initial BWP, multiple initial BWPs, enhancement on COREST 0, or narrow band Redcap UEs operate in a wide band system

· SRS transmission or CSI report for inactive BWP(s). 

Proposal #3: It is recommended to consider both Type A and Type B HD-FDD for RedCap UE with potential enhancement on RACH procedure for at least Type B HD-FDD. 
Proposal #4: It is not recommended to introduce two UE types with different UE processing time capability for RedCap UE. 
Proposal #5: Relaxed UL and DL modulation can be considered. Reduced maximum number of MIMO layers is not considered for Redcap UE.  
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