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1   Introduction
Regarding SID of reduced capability NR devices [1], one of the objectives of the study is to:

Identify and study potential UE complexity reduction features, including [RAN1, RAN2]: 

· Reduced number of UE RX/TX antennas

· UE Bandwidth reduction 

Note: Rel-15 SSB bandwidth should be reused and L1 changes minimized 

· Half-Duplex-FDD 

· Relaxed UE processing time 

· Relaxed UE processing capability 

In RAN1 102-e meeting, the detailed cost breakdown for FR1 FDD/TDD and FR2 was agreed. Besides, we had following agreements [2]:

· 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.

· 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. 

· 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

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

· 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.
In this contribution, we share our views on potential UE complexity reduction features.
2   Discussions 
2.1   Reduced number of UE RX/TX antennas

2.1.1 Description of feature

RF component cost is a major part of UE cost (40% in FR1 and 50% in FR2). Reduced number of UE RX/TX antennas can be one potential area of cost reduction. Single transmitter branch can be considered since advanced transmission schemes such as UL-MIMO is not required for RedCap UE. The support of single RX antenna may be necessary, especially for wearables with form factor limitation. 

In FR1, for the bands that are mandatory for legacy UEs to support at least 4 Rx antennas, if the number of Rx antennas reduce from 4 to 2 or 1, the complexity and cost of UEs can be reduced significantly. But for the bands that are mandatory for legacy UEs to support at least 2 Rx antennas, the existing specifications contain 2 Rx UEs. So, in these bands, single Rx antenna should be introduced to reduce UE cost. In FR2, a minimum of two receive RF chains are mandatory for legacy UEs and every receive RF chain usually contains multiple antenna elements. Thus, single receive RF chain should be introduced in FR2. Due to the reduction in number of Rx antennas, RAN4 needs to evaluate which bands can relax the requirement of number of Rx antennas and allow RedCap UE access. 
Since 2Rx antennas can provide better receiving performance and 1Rx antenna has lower cost and UE size, both 1Rx UE and 2Rx UE should be supported in FR1 and FR2. The 2Rx UE is mainly applicable for large traffic or high reliability and the 1Rx UE is mainly applicable for lower complexity or smaller UE size. It is feasible to define the capability parameter which indicates the number of Rx antennas for RedCap UEs. 

2.1.2 Analysis of UE complexity reduction

RF
In RF aspects, when the number of receive RF chains is reduced, the costs of receive filtering and RF transceiver (including LNAs, mixer, and local oscillator) are reduced.

· The receiver filtering cost can be reduced by approximately 50% when the number of receive RF chains is reduced from 4 to 2 or from 2 to 1. And the receiver filtering cost can be reduced by approximately 75% when the number of receive RF chains is reduced from 4 to 1.

· The cost of RF transceiver (including LNAs, mixer, and local oscillator) can be reduced by up to 50% when the number of receive RF chains is reduced from 4 to 2 or from 2 to 1. And the cost of RF transceiver can be reduced by up to 75% when the number of receive RF chains is reduced from 4 to 1.

· Additionally, for FR2, the cost of antenna array can be reduced by approximately 50% when the number of receive RF chains is reduced from 2 to 1.
Thus, for FR1, the total RF cost reduction is approximately 27.5%~35% for antenna reduction from 4Rx to 2Rx and 2Rx to 1Rx and 52.5% for antenna reduction from 4Rx to 1Rx. For FR2, the total RF cost reduction is approximately 41% for antenna reduction from 2Rx to 1Rx.
Baseband

In baseband aspects, when the number of receive RF chains is reduced, the cost of the following baseband processing modules are reduced:

· One ADC is required to operate on one receive RF chain, hence the ADC cost may be reduced by approximately 50% when the number of Rx antennas is reduced by half. However, DAC cost is unlikely to be reduced on a single transmitter RF chain. Given that the ADC functional block is typically more costly than the DAC functional block, the overall ADC / DAC cost could be reduced by approximately 40% when the number of receive RF chains is reduced from 4 to 2 or from 2 to 1 and 64% when the number of receive RF chains is reduced from 4 to 1.
· FFT is only required to process the samples received on half the number of receive RF chains when the number of receive RF chains is reduced from 4 to 2 or from 2 to 1. Hence the number of FFT operations is reduced by 50%. For Antenna reduction from 4Rx to 1Rx, the number of FFT operations is reduced by 75%. So the FFT cost could be reduced by approximately 50% when the number of receive RF chains is reduced from 4 to 2 or from 2 to 1 and 75% when the number of receive RF chains is reduced from 4 to 1.

· The UE only needs to store samples from half the number of receive antennas when the number of receive RF chains is reduced from 4 to 2 or from 2 to 1. So the size of the post-FFT data buffer memory can be reduced by 50%. And the UE only needs to store samples from a quarter of the number of receive antennas when the number of receive RF chains is reduced from 4 to 1. So the size of the post-FFT data buffer memory can be reduced by 75%.

· For antenna reduction from 4Rx to 2Rx or from 2Rx to 1Rx, the complexity of channel estimation and CSI calculation are reduced by approximately 50% since the number of rows of channel matrix reduce by half. For antenna reduction from 4Rx to 1Rx, the complexity of channel estimation and CSI calculation are reduced by approximately 75% since the number of rows of channel matrix reduce three quarters. Hence, the cost of receiver processing block can be reduced by approximately 50% when the number of receive RF chains is reduced from 4 to 2 or from 2 to 1 and 75% when the number of receive RF chains is reduced from 4 to 1.

· When the number of receive RF chains is reduced from 4 to 2 or from 2 to 1, the cost of synchronisation and cell search blocks can be reduced by approximately 50% since the synchronisation and cell search blocks typically operate on samples from half the number of receive RF chains. When the number of receive RF chains is reduced from 4 to 1, the cost of synchronisation and cell search blocks can be reduced by approximately 75% since the synchronisation and cell search blocks typically operate on samples from a quarter of  the number of receive RF chains.
· When the number of receive RF chains is reduced from 4 to 2 or from 2 to 1, DeMIMO is only required to process the samples received on half the number of receive RF chains. Hence the cost of MIMO specific processing blocks could be reduced by approximately 50%. When the number of receive RF chains is reduced from 4 to 1, DeMIMO is only required to process the samples received on a quarter of the number of receive RF chains. Hence the cost of MIMO specific processing blocks could be reduced by approximately 75%. 
Thus, the total baseband cost reduction is approximately 32% ~ 34.1% for antenna reduction from 4Rx to 2Rx and from 2Rx to 1Rx and 51.5% for antenna reduction from 4Rx to 1Rx. Taking into account both RF and baseband, the overall cost reduction is approximately 30% ~ 37.3% for antenna reduction from 4Rx to 2Rx and from 2Rx to 1Rx and 52% for antenna reduction from 4Rx to 1Rx.

Observation 1: For reduced number of UE Rx antennas, the overall RF and baseband cost reduction is approximately 30%~37.3% for antenna reduction from 4Rx to 2Rx and from 2Rx to 1Rx and 52% for antenna reduction from 4Rx to 1Rx.
2.1.3
Analysis of performance impacts

Coverage
Reduced number of UE Rx antennas will affect the demodulation performance and result in DL coverage loss. It is expected from 4RX to 2RX there will be 3 dB for AWGN channel conditions, and another 2.5dB~3dB loss from 2RX to 1RX for AWGN channel.  Performance loss in fading channel may be larger. The relevant coverage recovery technology is studied to guarantee that the reduced Rx antenna UE decodes data successfully.
Data rate and throughput
Feature of Reduced number of Rx antennas has negative impact on DL data rate and throughput. A main reason is that the reduced number of UE Rx antennas will lead to less MIMO layers, so the DL data rate will be reduced. On the other hand, the feature of reduced number of UE Rx antennas causes a demodulation performance loss, so the throughput performance would be affected. 
Cell spectral efficiency

Since reducing number of Rx antennas causes performance loss on coverage, data rate and throughput, cell spectral efficiency and capacity will decrease when the RedCap UE accesses the network.
Power consumption
The reduced number of UE Rx antennas can simplify receive RF and baseband module and reduce UE processing complexity. Thus, the UE power consumption is reduced. However, since single Rx antenna has lower data transmission efficiency than 2 Rx antennas, single Rx antenna may require larger time and frequency resource to receive the same number of transport bits. Thus, the UE power consumption would be increased. For example, two receive RF chains can utilize less slots or PRBs for the PDSCH to deliver the same amount of data. 

Observation 2: Feature of Reduced number of UE Rx antennas causes performance loss mainly on coverage, data rate and cell spectral efficiency.
2.1.4
Analysis of coexistence with legacy UEs

It is expected reduced number of UE RX/TX antennas will have no direct impact on the coexistence with legacy UE, since UEs with various link quality already exist in the legacy system. 

However, due to less Rx antennas, the reception performance of RedCap UE is worse than that of legacy UE. Then, if common physical channels are used for both legacy UEs and RedCap UEs, to guarantee the performance of RedCap UEs, the system should handle all UEs conservatively. For example, for the SSB or SIB used for both legacy and RedCap UEs, some enhancement may be needed to improve the reception accuracy of RedCap UEs. But this also causes some performance redundancy for legacy UEs. 
Observation 3: For reduced number of UE Rx antennas, if common physical channels are used for both legacy UEs and RedCap UEs, to guarantee the performance of RedCap UEs, performance redundancy for legacy UEs would be expected.

Then, considering coverage recovery technology used to compensate reduced number of UE Rx antennas, there may be coexistence impact depending on the coverage recovery solutions and other enhancements (e.g., early RedCap indication in RACH) that may be adopted for RedCap during the initial access stage.

Moreover, if larger aggregation levels are used for PDCCH repetition to compensate reduced number of UE Rx antennas, PDCCH blocking possibility between legacy UEs and RedCap UEs would be increased when both type of UEs are configured in the same CORESET. 
2.1.5
Analysis of specification impacts

For the size-limited RedCap UEs, e.g. some wearables, the size of Tx/Rx antenna may be reduced when 1Tx/2Rx antennas are applied. Then, the corresponding impact on UL transmit antenna gain should be evaluated in RAN4. 
In FR1, one part of bands require UE to configure at least 4 Rx antennas and the other part of bands require UE to configure at least 2 Rx antennas. In FR2, at least 2 Rx antennas are mandatory. Thus, for reduced number of Rx antennas, RAN4 needs to evaluate which bands can relax the minimum number of Rx antennas and allow RedCap UE access. Then, the new minimum number of Rx antennas would be specified for these bands.

Moreover, RRM, demodulation and CSI performance requirements for reduced number of UE Rx antennas would be defined in RAN4 specifications.
The coverage recovery technology would be introduced to compensate the coverage loss caused by reduced number of UE antennas. Considering that RedCap UEs may involve 2Rx UE and 1Rx UE, it may have impact on random access procedure. It is helpful to configure the appropriate coverage recovery level for the UE and ensure DL data can be successfully decoded. 

Observation 4: RF and performance requirements need to be evaluated by RAN4 for reduced number of UE antennas. And coverage recovery technology could be introduced in RAN1 to compensate the coverage loss.

Proposal 1: The number of UE Rx antennas can be reduced to 2 or 1 according to UE capability for both FR1 and FR2.

· Define the capability parameter which indicates the number of Rx antennas for RedCap UE.
2.2   UE bandwidth reduction

2.2.1 Description of feature

UE bandwidth reduction is an important feature to reduce the UE complexity. For reduced capability NR devices, UE bandwidth reduction is for both RF and baseband. For RedCap UEs in FR1, it is agreed that the baseline UE bandwidth capability is 20 MHz, which can be assumed during the initial access procedure. For FR2, 50 MHz and 100 MHz maximum UE bandwidth were agreed to be studied at least for initial access.

2.2.2
Analysis of UE complexity reduction

Reduction of maximum UE bandwidth provides significant UE complexity reduction on baseband processing, mainly in FFF/IFFT, post-FFT data buffering, receiver processing block, HARQ buffer etc. Reduction of maximum UE bandwidth also provides cost saving due to RF components such as RF transceiver and power amplifier. If the maximum UE bandwidth is reduced from 100 MHz to 20 MHz in FR1, the overall RF and baseband cost reduction is approximately 20~30%. 

Observation 5: For reduced capability NR devices, UE bandwidth reduction provides significant UE complexity reduction.

2.2.3 Analysis of performance impacts
In FR1, as evaluated in [3], if the maximum UE bandwidth is reduced from 100 MHz to 20 MHz, single layer transmission cannot meet 150 Mbps requirement. To meet the 150 Mbps data rate requirement, if maximum modulation order is assumed to 64QAM, then 40 MHz UE bandwidth is needed for single layer transmission. Since the devices for wearables may have smaller size, it is impossible to support multiple number of antennas. If 150 Mbps peak bit rate is necessary, besides 20 MHz baseline UE bandwidth, UE bandwidth larger than 20 MHz should be considered for FR1.
Observation 6: In FR1, for single layer transmission, 

· 20 MHz maximum UE bandwidth cannot meet 150 Mbps peak data requirement for wearables. 

· 40 MHz maximum UE bandwidth is required to meet 150 Mbps peak data rate.

For UE bandwidth reduction for FR2, we had the following agreement in RAN1#101-e:

· For FR2, study 50 MHz and 100 MHz maximum UE bandwidth at least for initial access

· Other bandwidths FFS
For FR2, according to the configuration, the bandwidth of SSB is 28.8 MHz or 57.6 MHz while the bandwidth of CORESET 0 is at 34.56 MHz or 69.12 MHz. For SSB and CORESET multiplexing pattern 2/3, even though 28.8 MHz SSB and 34.56 MHz CORESET 0 are configured, the total bandwidth of SSB and CORESET 0 is larger than 50 MHz. If the maximum UE bandwidth of the RedCap UEs is assumed to 50 MHz, as shown in Figure 1, the RedCap UE would be required to decode SS/PBCH and CORESET0 in a TDM fashion by RF retuning. For multiplexing pattern 2/3, longer SSB/CORESET acquisition time would be expected for RedCap UEs if the maximum UE bandwidth is 50 MHz.
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Figure 1 RF retuning when total bandwidth of SSB and CORESET 0 is larger than maximum UE bandwidth
For the case of 100 MHz maximum UE bandwidth, above longer SSB/CORESET acquisition time issue only occurs when SSB and CORESET multiplexing 2 with 240 kHz SCS SSB + 120 kHz SCS 48RB CORESET 0 is configured. 
Observation 7: For FR2, compared with maximum UE bandwidth of 100 MHz, longer SSB/CORESET acquisition time issue for the maximum UE bandwidth of 50 MHz is more serious.

· For SSB and CORESET multiplexing pattern 2/3 in FR2, longer SSB/CORESET acquisition time would always be expected for RedCap UEs if the maximum UE bandwidth is 50 MHz.

· Longer SSB/CORESET acquisition time issue only occurs for SSB and CORESET multiplexing 2 with 240 kHz SCS SSB + 120 kHz SCS 48RB CORESET 0 if the maximum UE bandwidth is 100 MHz.
In Connected mode, if UE-specific BWP is not configured for a RedCap UE and bandwidth of initial DL/UL BWP is larger than the maximum bandwidth of the RedCap UE, downlink and uplink transmission can be scheduled within the maximum UE bandwidth. However, RF retuning would occur when the RedCap UE is scheduled in different frequency region of the initial DL/UL BWP. In this case, more power consumption would be expected.
Observation 8: In connected mode, when the RedCap UE operates in initial DL/UL BWP larger than maximum UE bandwidth of RedCap UEs, more power consumption would be expected due to RF retuning.
2.2.4
Analysis of coexistence with legacy UEs

· Initial access 

For system information acquisition, SIB1 and other SIs are scheduled within the CORESET0 bandwidth. During initial access, the frequency location for RA/Msg4 transmission is within the bandwidth of CORESET 0.

For FR1, as agreed in RAN1 #102e, the baseline UE bandwidth capability is assumed to 20 MHz during the initial access procedure. Even though bandwidth of CORESET 0 can be configured as large as 17.28 MHz, the SSB bandwidth, CORESET 0 bandwidth, SIB1 and other SIs transmission bandwidth and RAR/Msg4 transmission bandwidth are less than the maximum RedCap UE bandwidth. For cell search and initial access, legacy SSB, SIB1, other SIs, RAR and Msg4 transmission for legacy NR UEs can be shared by the RedCap UEs.
Observation 9: For initial access in FR1, the RedCap UEs can share SS/PBCH blocks, SIB1, other SIs, RAR and Msg4 configured for normal NR UEs.

For FR2, if the maximum UE bandwidth of the RedCap UEs in FR2 is 100 MHz, the UE bandwidth is also larger than the bandwidth of SS/PBCH block and CORESET 0, the RedCap UEs can share same SS/PBCH blocks, SIB1, other SIs, RAR and Msg4 for normal NR UEs. However, if the maximum UE bandwidth of the RedCap UEs in FR2 is 50 MHz, the UE bandwidth is less than the bandwidth of SS/PBCH block with 240 kHz subcarrier spacing or the bandwidth of CORESET 0 if CORESET 0 is configured to 69.12 MHz. To support the RedCap UEs with 50 MHz bandwidth, one way is to restrict the configuration for normal NR UEs. For example, only 120 kHz subcarrier spacing SS/PBCH blocks and CORESET 0 with bandwidth less than 50 MHz can be configured. In this case, 50 MHz maximum UE bandwidth would cause configuration restrictions to legacy NR system. Another way is to introduce separated configurations for the RedCap UEs. Significant specification impacts would be expected if separated configurations are introduced.

Observation 10: For initial access in FR2,

· The RedCap UEs with 100 MHz maximum UE bandwidth can share SS/PBCH blocks, SIB1, other SIs, RAR and Msg4 configured for normal NR UEs.

· Compared with maximum UE bandwidth of 100 MHz, to support the RedCap UEs with 50 MHz maximum UE bandwidth, more serious configuration or scheduling restrictions to normal NR UEs would be expected.
· It may reduce the configuration or scheduling flexibility of legacy NR UEs.
For both 50 MHz and 100 MHz maximum UE bandwidth, if the initial UL BWP configured for normal NR UEs is larger than the bandwidth of the RedCap UEs, the RedCap UEs can share the initial UL BWP configured for normal NR UEs after the RedCap UE type has been identified by the gNB. If the RedCap UE cannot be identified during initial access procedure, to guarantee RAR/Msg4 reception and Msg3 transmission is within the UE bandwidth, scheduling restriction on RAR/Msg3/Msg4 for normal NR UEs would be expected. In addition, if RedCap UE cannot be identified before Msg3 transmission, Msg3 hopping for normal NR UEs cannot be enabled.

Observation 11: For initial access, scheduling restrictions on Msg3 transmission for normal NR UEs would be expected if the bandwidth of initial UL BWP is larger than the maximum UE bandwidth of the RedCap UEs.

· Connected Mode 
In Connected mode, additional BWPs other than initial BWP can be configured by UE-specific RRC signalling. For the RedCap UEs, if the bandwidth of an active BWP is not larger than the maximum UE bandwidth, the RedCap UEs can share the same BWP with normal NR UEs. 
· Idle Mode
In Idle mode, for FR1, bandwidth of CORESET 0 is less than the maximum UE bandwidth of RedCap UEs, normal NR UEs and the RedCap UEs can share the same paging occasions. 

For FR2, if the maximum UE bandwidth of RedCap UEs is 100 MHz, bandwidth of CORESET 0 is less than the maximum UE bandwidth of RedCap UEs, RedCap UEs can share the paging resources configured for normal NR UEs. However, if the maximum UE bandwidth of RedCap UE is 50 MHz, paging configuration for normal NR UEs may need to be restricted if the RedCap UEs and normal NR UEs share the same paging resources.
However, if RedCap UEs and normal NR UEs share the same paging occasions, it may increase the power consumption of normal NR UEs.
Observation 12: In Idle mode, if the maximum UE bandwidth of RedCap UEs is 50 MHz, paging configuration for normal NR UEs may need to be restricted if the RedCap UEs and normal NR UEs share the same paging resources.
Based on above analysis, for FR2, compared with 100 MHz, if the maximum UE bandwidth of RedCap UEs is reduced to 50 MHz, more serious configuration and scheduling restrictions would be expected. 

Proposal 2: For reduced capability NR devices in FR2, maximum UE bandwidth is reduced to 100 MHz.
2.2.5
Analysis of specification impacts
· Initial access 
In FR1, the SSB bandwidth, CORESET #0 bandwidth and SIB1 bandwidth are less than the maximum UE bandwidth of the RedCap UEs (20 MHz), no spec impacts related to cell search and system information acquisition are expected. During initial access procedure, the RAR and Msg4 are scheduled within the bandwidth of CORESET 0, no spec impacts related to RAR and Msg4 reception are expected.
Observation 13: In FR1, no spec impacts related to cell search, system information acquisition, RAR and Msg4 reception are expected for RedCap UEs.
In FR2, if the RedCap UE bandwidth is 100 MHz, no spec impacts related to cell search, system information acquisition, RAR and Msg4 reception are expected. 
Observation 14: In FR2, no spec impacts related to cell search, system information acquisition, RAR and Msg4 reception are expected for RedCap UEs with 100 MHz maximum UE bandwidth.
If the maximum bandwidth of RedCap UEs is 50 MHz, the bandwidth of CORESET 0 configured for normal NR UEs may be larger than the maximum bandwidth of the RedCap UEs. To guarantee the performance of RedCap UEs, dedicated common CORESET may need to be configured for system information acquisition, RAR and Msg4 reception. In addition, the gNB should identify the type of RedCap UEs before transmitting RAR and Msg4 to transmit them in the dedicated common CORESET. In this case, the RedCap UE type needs to be identified by PRACH transmission. 
Observation 15: In FR2, if the maximum UE bandwidth of RedCap UEs is 50 MHz, to guarantee the performance of RedCap UEs, dedicated common CORESET may need to be configured for system information acquisition, RAR and Msg4 reception. 

· The type of RedCap UE needs to be identified before RAR/Msg4 transmission.
During initial access procedure, Msg3 transmission should be scheduled within the maximum UE bandwidth of the RedCap UEs. If the size of initial UL BWP configured for normal NR UEs is larger than the bandwidth of the RedCap UEs, Msg3 transmission of the RedCap UE can be scheduled within the frequency resources within the maximum UE bandwidth by implementation. The premise is that the gNB knows the UE is a RedCap UE and Msg3 hopping is disabled. There is a need to identify the RedCap UE by PRACH transmission (Msg1). To identify the RedCap UEs by Msg1, dedicated PRACH transmission occasions can be configured for the RedCap UEs.
Alternatively, dedicated initial UL BWP can be configured for the RedCap UEs if the size of initial UL BWP configured for normal NR UEs is larger than the bandwidth of the RedCap UEs. Msg3 transmission of the RedCap UE can be flexibly scheduled within the dedicated initial UL BWP and Msg3 hopping can be enabled to achieve better performance. In this case, the RedCap UE type should be identified before Msg3 transmission. Correponding PRACH configurations for RedCap UEs (msg1-FrequencyStart, msg1-FDM) should also be configured so that the corresponding RACH resource for RedCap UEs is entirely within the bandwidth of the dedicated UL BWP for RedCap UEs. 

Observation 16: During initial access procedure, if size of initial UL BWP configured for normal NR UEs is larger than the bandwidth of the RedCap UEs, Msg3 transmission of the RedCap UE can be flexibly scheduled and Msg3 hopping can be enabled if dedicated initial UL BWP is configured for the RedCap UEs.
· Connected Mode

The initial DL BWP configured in SIB1 is applied after reception of Msg4. The size of initial DL BWP is equal to CORESET 0 if the initial DL BWP is not configured in SIB1. The UE type of RedCap UEs can be identified in RRC Connected mode so the RedCap UE can be scheduled within the reception bandwidth even though the initial DL BWP configured for normal NR UEs is larger than the maximum UE bandwidth of the RedCap UEs. 
Observation 17: In Connected mode, the RedCap UE can be scheduled within the maximum reception bandwidth even though the initial DL BWP configured for normal NR UEs is larger than the maximum UE bandwidth of RedCap UEs.   
However, due to the limited reception bandwidth and the RedCap UE may be scheduled in any frequency region of larger initial DL BWP, RF retuning may increase the UE complexity and power consumption. In this case, a dedicated initial BWP for RedCap UEs can be defined to avoid the UE retuning. The dedicated DL initial BWP contains the entire CORESET 0 and is overlapped with partial DL initial BWP configured for normal NR UEs. 

The UE type of RedCap UEs can be identified in RRC Connected mode so the RedCap UE can be scheduled within the transmission bandwidth even though the initial UL BWP configured for normal NR UEs is larger than the maximum UE bandwidth of the RedCap UEs. However, for the RedCap UEs, frequency hopping cannot be enabled in the larger initial UL BWP since hopping gap is calculated based on the size of BWP and the frequency region may be out of the UE transmission capability. Furthermore, the RF retuning delay is not acceptable for UL frequency hopping.
Observation 18: In Connected mode, for larger initial DL/UL BWP, higher UE complexity and more power consumption would be expected for the RedCap UEs due to RF retuning.

· Idle Mode
In Idle mode, if the total bandwidth of SSB and CORESET 0 is larger than the maximum bandwidth of the RedCap UE, the RedCap UE may need to monitor paging occasion within the frequency range of CORESET 0 and frequently retune to frequency location of SSB for SSB based synchronization and RRM measurement. 

[image: image2.emf]RedCap 

 UE

 Bandwidth

1

0

0

 

M

H

z

SS/PBCH 

block

C

O

R

E

S

E

T

0

5

7

.

6

 

M

H

z

6

9

.

1

2

 

M

H

z

PDSCH

normal 

PO

SS/PBCH 

block

C

O

R

E

S

E

T

0

5

7

.

6

 

M

H

z

PDSCH

normal 

PO

dedicated 

PO

dedicated 

PO


Figure 2 Dedicated PO to avoid RF retuning
To avoid the unnecessary power comsumption due to RF retuning, dedicated paging occasions, as shown in Figure 2, can be configured for the RedCap UEs in IDLE mode so that paging occaions and SSB are within the same UE receiving bandwidth. 
Observation 19: For FR2, if the total bandwidth of SSB and CORESET 0 is larger than the maximum UE bandwidth of RedCap UEs, unnecessary power consumption would be expected if the RedCap UEs need to monitor paging occasion within the frequency range of CORESET 0 and frequently retune to the frequency location of SSB for SSB based synchronization and RRM measurement.
In addition, unnecessary moniorting can be avioded if dedicated paging occaions are configured for the RedCap UEs. It is beneficial for power consumption of normal NR UEs and RedCap UEs.  
Proposal 3: Identification of the RedCap UE before Msg3 transmission is needed if size of initial UL BWP configured for normal NR UEs is larger than the bandwidth of the RedCap UEs.

Proposal 4: Dedicated initial DL/UL BWP is configured for RedCap UEs if the initial DL/UL BWP configured for normal NR UEs is larger than the maximum UE bandwidth of RedCap UEs.  
Proposal 5: In Idle mode, dedicated paging occasions are considered for the RedCap UEs.

2.3   HD-FDD

2.3.1 Description of feature

With HD-FDD operation, the UE does not need to simultaneously transmit and receive at the same time because the duplexer is replaced by a switch. 

In RAN1#101 meeting, there was one agreement on HD-FDD: 
· Study HD-FDD operation Type A and Type B (as defined in LTE) in RAN1, where study of Type A is prioritized.

The cost of HD-FDD type B is lower than HD-FDD type A because single oscillator is used for Tx and Rx frequency generation. Based on the result of cost evaluation, the cost reduction of HD-FDD type B is 9% and HD-FDD type A is 6.4%. Compared with type A, HD-FDD Type B can only bring additional 2.6% cost reduction. Therefore, the influence of HD-FDD type B on the total cost is relatively smaller compared with HD-FDD type A.

2.3.2 Analysis of UE complexity reduction

HD-FDD is a technique that can lower the cost of UE by simplifying the RF implementation because a duplexer is replaced by a switch. Based on the analysis shown in [3]. Given that the duplexer cost is in the range of 15-25% of the RF module (which is 40% of the total LTE reference modem cost), HD-FDD mode provides an overall cost saving based on the reference LTE modem of 4-8%. The complexity of UE is also reduced because HD-FDD UE cannot transmit and receive simultaneously. Based on the result of cost evaluation, the cost reduction of HD-FDD type A is 6.4%. 
Observation 20:  The cost reduction gain of HD-FDD Type A is 6.4%. 
2.3.3 Analysis of performance impacts

· Peak data rate

Compared with FD-HDD UE, the HD-FDD UE cannot transmit and receive simultaneously and have guard period. Therefore, the data rate is reduced. In addition to HD-FDD operation, there are many factors that affect the data rate, e.g., bandwidth, transmission layer etc. Based on above analysis, assuming the maximum UE bandwidth is 20 MHz, if [image: image3.wmf])
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 = 1, then the downlink data rate is at about 230 Mbps for single layer transmission. The highest peak data rate requirement of RedCap UEs is 150 Mbps for downlink and there are flexible HARQ process related configuration in NR. Therefore there may be enough margin to account for the data rate lost by HD-FDD.

Observation 21:  There may be enough margin to account for the data rate lost by HD-FDD.

· Latency
Without simultaneous transmission and reception in HD-FDD, the latency is increased. The lowest latency requirement is 5-10 ms for safety related sensors. If the NR dynamic TDD is reused for HD-FDD, the latency requirement of 5~10ms can be met because the largest user plane latency is 4 ms in NR.

Observation 22:  The latency requirement can be met if NR dynamic TDD is reused for HD-FDD.

· Power consumption
The insertion loss of the switch in the HD-FDD UE is less than in the duplexer of an FD-FDD UE: reducing the electrical power required to produce a certain amount of radiated RF power. Half duplex operation means some components can be put in a reduced power state until required. It is recognized that RF and baseband power consumption is often dictated by implementation [4]. Considering the HD-FDD UE cannot transmit and receive simultaneously, the power consumption of HD-FDD UE may be higher than FD-FDD because of the longer ON state. But the degree of impact on power consumption is affected by data rate requirement, HARQ process number, scheduling flexibility etc. 

Observation 23: The impact on power consumption of HD-FDD depends on implementation.

2.3.4 Analysis of coexistence with legacy UEs

 The support of HD-FDD for RedCap UE is not expected to cause impact on legacy NR UEs.
2.3.5 Analysis of specification impacts

In NR, the FDD bands are all in FR1 and all FR2 bands use TDD, therefore HD-FDD is only applied to FR1.  

Observation 24: HD-FDD is only applied to FR1.
The capability of HD-FDD should be reported to gNB. Although the value of DL-to-UL switching time and UL-to-DL switching time are determined by RAN4, the impact of the new switching time needs to be studied in RAN1. There are two alternatives for HD-FDD design, one is LTE HD-FDD, and the other is NR dynamic TDD. If the LTE HD-FDD is reused for NR RedCap HD-FDD, the behaviors of UE during the switching time should be specified. If the NR dynamic TDD is reused for NR RedCap HD-FDD, HD-FDD UE can be configured with specific slot format combinations to indicate when to transmit and when to receive. It is necessary to consider whether the existing NR dynamic TDD can be reused directly. 
Observation 25: The potential specification impacts related to HD-FDD are: UE capability report, new switching time impact and HD-FDD design.
Proposal 6: HD-FDD type A is considered as one of UE complexity reduction features.
2.4   Relaxed UE processing time

2.4.1 Description of feature

In last meeting, there was one agreement on relaxed UE processing time: 
· For UE complexity reduction through relaxed UE processing time, study a more relaxed UE processing time in terms of N1/N2 compared to capability #1.

In NR, in addition to PDSCH processing procedure time and PUSCH preparation procedure time which influenced by N1/N2, the RACH process is influenced by N1/N2. For example, the processing time between RAR PDSCH and Msg3 PUSCH is
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. Therefore, the relaxed UE processing time can be applied to both RRC_IDLE state and RRC_CONNECTED state. 
Observation 26: Relaxed UE processing time can be applied to both RRC_IDLE state and RRC_CONNECTED state.

2.4.2 Analysis of UE complexity reduction 

The relaxed UE processing time may reduce the number of parallel processing hardware units and even reuse one set of hardware units for serial processing. Therefore, the complexity and cost of UE can be reduced. But the degree of reduction on complexity and cost depends on the implementation. The cost saving of relaxed UE processing time is shown in Table 1.

Table 1 The cost saving of relaxed UE processing time
	
	N1
	N2

	FR1 FDD
	4.08%
	1.2%

	FR1 TDD
	4.56%
	1.08%

	FR2 TDD
	3.96%
	1.44%


Observation 27: The cost reduction gain of relaxed UE processing time is 3.96%~4.56% for N1 and 1.08%~1.44% for N2.  2.4.3 Analysis of performance impacts 

· Latency
For some RedCap use cases such as industrial wireless sensors and video surveillance, the latency requirement is up to 100 ms or 500 ms. Therefore, the latency requirement can be met when the UE processing time is relaxed. But for the uses case of safety related sensors, the latency need to be further analyzed because the required latency is only 5~10 ms.

 In last meeting, there was one agreement on UE processing time：

· 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

Based on analysis of the user plane latency in TR 37.910, the use plane latency with the relaxed UE processing time is twice as much as N1/N2 of UE capability 1as shown in Table 2.

Table 2 The use plane latency (ms)
	DL user plane latency- FDD(15 kHz)
	UE capability 1
	RedCap UE

	Resource mapping Type A
	M=4
	p=0
	1.37
	2.04

	
	
	p=0.1
	1.58
	2.38

	
	M=7
	p=0
	1.49
	2.16

	
	
	p=0.1
	1.7
	2.49

	
	M=14
	p=0
	2.13
	2.79

	
	
	p=0.1
	2.43
	3.23

	Resource mapping Type B
	M=2
	p=0
	0.98
	1.65

	
	
	p=0.1
	1.16
	1.96

	
	M=4
	p=0
	1.11
	1.78

	
	
	p=0.1
	1.3
	2.10

	
	M=7
	p=0
	1.3
	1.97

	
	
	p=0.1
	1.49
	2.29


From Table 2, it can be concluded that relaxed UE processing time can increase the latency and the latency requirement of safety related sensors can be met when the relaxed UE processing time is twice as much as N1/N2 of UE capability 1.

Observation 28: The latency requirement can be met when the relaxed UE processing time is twice as much as N1/N2 of UE capability 1.

· Power consumption

Based on the study on UE power saving in Rel-16, it is concluded that a UE with a relaxed timeline would be able to work with lower clock frequency and lower voltage which has exponential contribution on the UE power. Therefore, relaxed UE processing time may reduce the power consumption of UE. Considering different products have different clock frequency and voltage when the processing time is relaxed and UE may stay active longer, the degree of reduction on power consumption depends on the implementation.
Observation 29: The impact on power consumption of relaxed UE processing time depends on implementation.
2.4.4 Analysis of coexistence with legacy UEs 

When relaxed UE processing time is applied to the UE in RRC_IDLE state, there may be some coexistence issues if gNB cannot distinguish the legacy NR UEs and the RedCap UEs. For example, if the RedCap UE cannot be identified, it would have impact on scheduling of legacy UEs for Msg3 transmission because gNB may need to assume the relaxed timing requirement for all UEs
Observation 30: The Msg3 transmission of legacy UEs may be impacted if relaxing UE processing time is applied to the RedCap UEs in RRC_IDLE state. 
2.4.5 Analysis of specification impacts 

If the UE processing time is relaxed, there may be some impacts on HARQ-ACK timing, PUSCH scheduling timing and so on. For example, some RRC related signaling should be reconsidered for RedCap UE if the UE processing time is relaxed. In addition to the HARQ timing, the parameters related to processing time such as N/N1/N2 should also be reconsidered. 
Observation 31: The potential specification impacts related to relaxed UE processing time include at least the HARQ timing related signaling.
2.5   Relaxed UE processing capacities

2.5.1 Description of feature

Relaxed UE processing capabilities are discussed mainly on relaxation of peak data rate relaxation. And relaxation of peak data rate can consider the following two aspects: 

· Maximum modulation order restriction

· Reducing the maximum number of MIMO layers

2.5.2 Maximum modulation order restriction

2.5.2.1 Description of feature

Based on the agreements on maximum mandatory modulation in last meeting, we think maximum mandatory modulation can be further relaxed for FR1 DL. In particular, DL 64QAM could be supported for the RedCap UE with high traffic requirement. But for the RedCap UE with low and medium traffic, e.g. industrial wireless sensors, video Surveillance, 64QAM may not be necessary. Instead, 16QAM can satisfy the DL data rate requirement and ensure high decoding reliability. Also, lower modulation order reduces UE complexity. Therefore, we propose that DL 64QAM in FR1 can be defined as an optional capability for RedCap UE.

Observation 32: For FR1 DL, 64QAM may not be necessary for RedCap UE with low and medium traffic requirement. 
2.5.2.2 Analysis of UE complexity reduction

RF
In RF aspects, when the maximum modulation order is restricted, the costs of the following RF functional blocks are reduced:

· The power amplifier cost can be reduced by approximately 5% when the UL maximum modulation order is restricted from 64QAM to 16QAM. 

· The cost of RF transceiver (including LNAs, mixer, and local oscillator) can be reduced by approximately 5% when the DL maximum modulation order is restricted from 256QAM to 64QAM or from 64QAM to 16QAM.
Thus, the total RF cost reduction is approximately 3%~4% for UL and DL maximum modulation order restriction.

Baseband
In baseband aspects, when the maximum modulation order is restricted, the cost of the following baseband processing modules are reduced.

· For FR1, the overall ADC/DAC cost could be reduced by approximately 10% when the UL maximum modulation order is restricted to 16QAM and the DL maximum modulation order is restricted to 64QAM. For FR2, the overall ADC/DAC cost could be reduced by approximately 10% when the UL and DL maximum modulation order is restricted from 64QAM to 16QAM.
· For FR1, the cost of Post-FFT data buffering can be reduced by approximately 15% when the DL maximum modulation order is restricted from 256QAM to 64QAM. For FR2, the cost of Post-FFT data buffering can be reduced by approximately 18% when the DL maximum modulation order is restricted from 64QAM to 16QAM.

· For FR1, the number of decoding bits is reduced by 1/4 when the DL maximum modulation order is restricted from 256QAM to 64QAM. Also, the complexity of demodulation is reduced due to maximum modulation order restriction. Hence LDPC decoding cost can be reduced by up to 25%. For FR2, the number of decoding bits is reduced by 1/3 when the DL maximum modulation order is restricted from 64QAM to 16QAM. Also, the complexity of demodulation is reduced due to maximum modulation order restriction. Hence LDPC decoding cost can be reduced by up to 33%.

· For FR1, the transport block size within a TTI is reduced by 1/4 when the DL maximum modulation order is restricted from 256QAM to 64QAM. Hence HARQ buffering cost can be reduced by 25%. For FR2, the transport block size within a TTI is reduced by 1/3 when the DL maximum modulation order is restricted from 64QAM to 16QAM. Hence HARQ buffering cost can be reduced by 33%.
· The cost of UL processing block could be reduced by approximately 10% when the UL maximum modulation order is restricted from 64QAM to 16QAM.

Thus, the total baseband cost reduction is approximately 8.2%~9.7%. Taking into account both RF and baseband, the overall cost reduction is approximately 6.4%~6.8%. For FR1 DL, if the maximum modulation order capability of some RedCap UEs is further restricted from 64QAM to 16QAM, the cost will further be reduced.

Observation 33: For maximum modulation order restriction, the overall RF and baseband cost reduction is approximately 6.4%~6.8%.

2.5.2.3 Analysis of performance impacts

Data rate

Restricting maximum modulation order will reduce UL and DL data rate. 64QAM reduces the peak data rate by approximately 20% compared to 256QAM. And 16QAM may reduce the peak data rate by approximately 33% or even more compared to 64QAM.

Cell spectral efficiency 
Since maximum modulation order restriction reduces UL and DL data rate, cell spectral efficiency and capacity will have a performance loss when the RedCap UE accesses the network.
Observation 34: Maximum modulation order restriction results in performance loss on data rate and cell spectral efficiency.
2.5.2.4 Analysis of coexistence with legacy UEs

Legacy UE can support up to 256QAM or 64QAM for Msg3 transmission. But RedCap UE reduces the maximum modulation order, so the modulation and coding scheme of Msg3 may be affected. Nevertheless, since high data rate is not required and there is no relevant CQI evaluation in the random access phase, high-order modulation is usually not used. Therefore, the impact of coexistence is small for maximum modulation order restriction. In addition, if the UE type is identified through Msg1, this coexistence issue can be avoided.

In connected mode, there is no coexistence impact between the legacy UE and the redcap UE. The maximum modulation order and the corresponding MCS can be respectively configured for different UE capabilities.

Observation 35: For maximum modulation order restriction, the Msg3 coexistence issues can be avoided if the UE type is identified through Msg1.
2.5.2.5 Analysis of specification impacts

The appropriate UL and DL MCS tables need to be defined for maximum modulation order restriction. For 64QAM, one possible solution is to reuse the existing MCS table. For 16QAM, new MCS table will be designed. 

The higher layer parameter which indicates the maximum modulation order may be introduced for RedCap UE. Also, downlink control information with respect to MCS indication may be considered to support new MCS table. 

The appropriate CQI table is defined for maximum modulation order restriction. For 64QAM, the existing CQI table may be reused. For 16QAM, new CQI table will be designed. A UE reports CQI based on the corresponding CQI table. And for new CQI table, the related CQI reporting performance requirement needs to be defined in RAN4.

Observation 36: For maximum modulation order restriction, RAN1 specification impacts are mainly concentrated on MCS, CQI and signalling. 

Proposal 7: For FR1 DL, the maximum modulation mode can be restricted to 16QAM or 64QAM according to UE capability.

2.5.3 Reducing the maximum number of MIMO layers

2.5.2.1 Description of feature

In the FR1 bands where 4Rx is specified as mandatory for a given UE, it is mandatory capability to support at least 4 MIMO layers. In these bands, the UE processing capability can be relaxed when the maximum number of MIMO layers supported by UE is reduced from 4 to 2 or 1. For the FR1 bands where 2Rx is specified as mandatory for a given UE, the current specifications allow the UE with single MIMO layer capability. So it is considered that single layer is supported in these bands. 

However, reducing maximum number of MIMO layers should consider the downlink peak rate requirements. In FR1 bands, 2 layers can be supported for high-end device and 1 layer can be supported for low and medium-end device. Therefore, 2 MIMO layers could be defined as an optional capability for RedCap UE with 2Rx antennas in FR1 bands.
Proposal 8: For FR1, the maximum number of DL MIMO layers is reduced to 1 layer or 2 layers according to UE capability.
In FR2, it is mandatory UE capability to support at least 2 MIMO layers. Since larger bandwidth is supported in FR2, single MIMO layer can meet the DL peak data rate. So the maximum number of MIMO layers could be reduced to 1 to relax processing capability. 

Proposal 9: For FR2, the maximum number of DL MIMO layers is restricted to 1 layer.
2.5.2.2 Analysis of UE complexity reduction

RF
In RF aspects, when the maximum number of MIMO layers is reduced, there is no obvious cost saving on RF functional blocks.

Baseband
In baseband aspects, when the maximum number of MIMO layers is reduced, the cost of the following baseband processing modules are reduced.

· When the maximum number of MIMO layers is reduced from 4 to 2 or from 2 to 1, the complexity of DMRS channel estimation are reduced by approximately 50% since the number of columns of channel matrix reduce by half. Moreover, the complexity of CSI calculation on low rank is much less than that on high rank. Because the dimensions of precoding matrix for low rank is smaller, the complexity of CSI calculation is lower. And RI calculation with low rank is only required to traverse fewer ranks and avoid high rank traversal. Hence, the cost of receiver processing block can be reduced by approximately 50%. When the maximum number of MIMO layers is reduced from 4 to 1, the complexity of DMRS channel estimation are reduced by approximately 75% since the number of columns of channel matrix reduce by three quarters. Moreover, the complexity of CSI calculation is reduced and no RI and LI is required. Hence, the cost of receiver processing block can be reduced by approximately 75%.

· When the maximum number of MIMO layers is reduced from 4 to 2 or from 2 to 1, the number of demodulation layers is reduced by 1/2. Correspondingly, the number of decoding bits is reduced by approximately 50%. Hence LDPC decoding cost is reduced by approximately 50%. When the maximum number of MIMO layers is reduced from 4 to 1, the number of demodulation layers is reduced by 3/4. Correspondingly, the number of decoding bits is reduced by approximately 75%. Hence LDPC decoding cost is reduced by approximately 75%.

· When the maximum number of MIMO layers is reduced from 4 to 2 or from 2 to 1, the transport block size within a TTI is reduced by approximately 1/2. Hence HARQ buffering cost can be reduced by approximately 50%. When the maximum number of MIMO layers is reduced from 4 to 1, the transport block size within a TTI is reduced by approximately 3/4. Hence HARQ buffering cost can be reduced by approximately 75%.

· When the maximum number of MIMO layers is reduced from 4 to 2 or from 2 to 1, the MIMO specific processing blocks only need to process half the number of MIMO layers. Hence the cost can be reduced by 50%. When the maximum number of MIMO layers is reduced from 4 to 1, the MIMO specific processing blocks only need to process 1/4 of the number of MIMO layers. Hence the cost can be reduced by 75%.

Thus, the total baseband cost reduction is approximately 28.5%~31% for MIMO layer reduction from 4 to 2 or from 2 to 1 and 44.3% for MIMO layer reduction from 4 to 1. Taking into account both RF and baseband, the overall cost reduction is approximately 15.5%~17.7% for MIMO layer reduction from 4 to 2 or from 2 to 1 and 26.6% for MIMO layer reduction from 4 to 1. 

Observation 37: For reducing the maximum number of MIMO layers, the overall RF and baseband cost reduction is approximately 15.5%~17.7% for MIMO layer reduction from 4 to 2 or from 2 to 1 and 26.6% for MIMO layer reduction from 4 to 1.

2.5.2.3 Analysis of performance impacts
Data rate

Reducing the maximum number of MIMO layers will reduce DL peak data rate. For MIMO layer reduction from 4 to 2 or from 2 to 1, it is expected that DL peak data rate is reduced by 50%. And for MIMO layer reduction from 4 to 1, it is expected that DL peak data rate is reduced by 75%.

Cell spectral efficiency 
Since reducing the maximum number of MIMO layers reduces DL data rate and throughput, cell spectral efficiency and capacity will have a performance loss when RedCap UE accesses the network.

Observation 38: Reducing the maximum number of MIMO layers results in performance loss on data rate and cell spectral efficiency.
2.5.2.4 Analysis of coexistence with legacy UEs

There is no coexistence impact between the legacy UE and the redcap UE for reducing maximum number of MIMO layers. The number of MIMO layers can be configured by gNB based on different UE capabilities.
2.5.2.5 Analysis of specification impacts

For the RedCap UE which only supports single MIMO layer, no RI and LI report are required. It can be considered to add the descriptions with respect to no RI and LI in specifications. 
Demodulation performance requirements for single layer for RedCap UE may be specified in RAN4.
3   Conclusion
Base on the analysis in the previous sections, we have the following observations and proposals:

Observation 1: For reduced number of UE Rx antennas, the overall RF and baseband cost reduction is approximately 30%~37.3% for antenna reduction from 4Rx to 2Rx and from 2Rx to 1Rx and 52% for antenna reduction from 4Rx to 1Rx.
Observation 2: Feature of Reduced number of UE Rx antennas causes performance loss mainly on coverage, data rate and cell spectral efficiency.
Observation 3: For reduced number of UE Rx antennas, if common physical channels are used for both legacy UEs and RedCap UEs, to guarantee the performance of RedCap UEs, performance redundancy for legacy UEs would be expected.

Observation 4: RF and performance requirements need to be evaluated by RAN4 for reduced number of UE antennas. And coverage recovery technology could be introduced in RAN1 to compensate the coverage loss.

Observation 5: For reduced capability NR devices, UE bandwidth reduction provides significant UE complexity reduction.

Observation 6: In FR1, for single layer transmission, 

· 20 MHz maximum UE bandwidth cannot meet 150 Mbps peak data requirement for wearables. 

· 40 MHz maximum UE bandwidth is required to meet 150 Mbps peak data rate.

Observation 7: For FR2, compared with maximum UE bandwidth of 100 MHz, longer SSB/CORESET acquisition time issue for the maximum UE bandwidth of 50 MHz is more serious.

· For SSB and CORESET multiplexing pattern 2/3 in FR2, longer SSB/CORESET acquisition time would always be expected for RedCap UEs if the maximum UE bandwidth is 50 MHz.

· Longer SSB/CORESET acquisition time issue only occurs for SSB and CORESET multiplexing 2 with 240 kHz SCS SSB + 120 kHz SCS 48RB CORESET 0 if the maximum UE bandwidth is 100 MHz.
Observation 8: In connected mode, when the RedCap UE operates in initial DL/UL BWP larger than maximum UE bandwidth of RedCap UEs, more power consumption would be expected due to RF retuning.
Observation 9: For initial access in FR1, the RedCap UEs can share SS/PBCH blocks, SIB1, other SIs, RAR and Msg4 configured for normal NR UEs.

Observation 10: For initial access in FR2,

· The RedCap UEs with 100 MHz maximum UE bandwidth can share SS/PBCH blocks, SIB1, other SIs, RAR and Msg4 configured for normal NR UEs.

· Compared with maximum UE bandwidth of 100 MHz, to support the RedCap UEs with 50 MHz maximum UE bandwidth, more serious configuration or scheduling restrictions to normal NR UEs would be expected.
· It may reduce the configuration or scheduling flexibility of legacy NR UEs.

Observation 11: For initial access, scheduling restrictions on Msg3 transmission for normal NR UEs would be expected if the bandwidth of initial UL BWP is larger than the maximum UE bandwidth of the RedCap UEs.

Observation 12: In Idle mode, if the maximum UE bandwidth of RedCap UEs is 50 MHz, paging configuration for normal NR UEs may need to be restricted if the RedCap UEs and normal NR UEs share the same paging resources.
Observation 13: In FR1, no spec impacts related to cell search, system information acquisition, RAR and Msg4 reception are expected for RedCap UEs.

Observation 14: In FR2, no spec impacts related to cell search, system information acquisition, RAR and Msg4 reception are expected for RedCap UEs with 100 MHz maximum UE bandwidth.
Observation 15: In FR2, if the maximum UE bandwidth of RedCap UEs is 50 MHz, to guarantee the performance of RedCap UEs, dedicated common CORESET may need to be configured for system information acquisition, RAR and Msg4 reception. 

· The type of RedCap UE needs to be identified before RAR/Msg4 transmission.
Observation 16: During initial access procedure, if size of initial UL BWP configured for normal NR UEs is larger than the bandwidth of the RedCap UEs, Msg3 transmission of the RedCap UE can be flexibly scheduled and Msg3 hopping can be enabled if dedicated initial UL BWP is configured for the RedCap UEs.

Observation 17: In Connected mode, the RedCap UE can be scheduled within the maximum reception bandwidth even though the initial DL BWP configured for normal NR UEs is larger than the maximum UE bandwidth of RedCap UEs.   
Observation 18: In Connected mode, for larger initial DL/UL BWP, higher UE complexity and more power consumption would be expected for the RedCap UEs due to RF retuning.

Observation 19: For FR2, if the total bandwidth of SSB and CORESET 0 is larger than the maximum UE bandwidth of RedCap UEs, unnecessary power consumption would be expected if the RedCap UEs need to monitor paging occasion within the frequency range of CORESET 0 and frequently retune to the frequency location of SSB for SSB based synchronization and RRM measurement.
Observation 20:  The cost reduction gain of HD-FDD Type A is 6.4%. 
Observation 21:  There may be enough margin to account for the data rate lost by HD-FDD.

Observation 22:  The latency requirement can be met if NR dynamic TDD is reused for HD-FDD.

Observation 23: The impact on power consumption of HD-FDD depends on implementation.

Observation 24: HD-FDD is only applied to FR1.
Observation 25: The potential specification impacts related to HD-FDD are: UE capability report, new switching time impact and HD-FDD design.
Observation 26: Relaxed UE processing time can be applied to both RRC_IDLE state and RRC_CONNECTED state.

Observation 27: The cost reduction gain of relaxed UE processing time is 3.96%~4.56% for N1 and 1.08%~1.44% for N2.  
Observation 28: The latency requirement can be met when the relaxed UE processing time is twice as much as N1/N2 of UE capability 1.

Observation 29: The impact on power consumption of relaxed UE processing time depends on implementation.
Observation 30: The Msg3 transmission of legacy UEs may be impacted if relaxing UE processing time is applied to the RedCap UEs in RRC_IDLE state. 
Observation 31: The potential specification impacts related to relaxed UE processing time include at least the HARQ timing related signaling.
Observation 32: For FR1 DL, 64QAM may not be necessary for RedCap UE with low and medium traffic requirement. 
Observation 33: For maximum modulation order restriction, the overall RF and baseband cost reduction is approximately 6.4%~6.8%.

Observation 34: Maximum modulation order restriction results in performance loss on data rate and cell spectral efficiency.
Observation 35: For maximum modulation order restriction, the Msg3 coexistence issues can be avoided if the UE type is identified through Msg1.
Observation 36: For maximum modulation order restriction, RAN1 specification impacts are mainly concentrated on MCS, CQI and signalling. 

Observation 37: For reducing the maximum number of MIMO layers, the overall RF and baseband cost reduction is approximately 15.5%~17.7% for MIMO layer reduction from 4 to 2 or from 2 to 1 and 26.6% for MIMO layer reduction from 4 to 1.

Observation 38: Reducing the maximum number of MIMO layers results in performance loss on data rate and cell spectral efficiency.
Proposal 1: The number of UE Rx antennas can be reduced to 2 or 1 according to UE capability for both FR1 and FR2.

· Define the capability parameter which indicates the number of Rx antennas for RedCap UE.
Proposal 2: For reduced capability NR devices in FR2, maximum UE bandwidth is reduced to 100 MHz.
Proposal 3: Identification of the RedCap UE before Msg3 transmission is needed if size of initial UL BWP configured for normal NR UEs is larger than the bandwidth of the RedCap UEs.

Proposal 4: Dedicated initial DL/UL BWP is configured for RedCap UEs if the initial DL/UL BWP configured for normal NR UEs is larger than the maximum UE bandwidth of RedCap UEs.  
Proposal 5: In Idle mode, dedicated paging occasions are considered for the RedCap UEs.

Proposal 6: HD-FDD type A is considered as one of UE complexity reduction features.
Proposal 7: For FR1 DL, the maximum modulation mode can be restricted to 16QAM or 64QAM according to UE capability.

Proposal 8: For FR1, the maximum number of DL MIMO layers is reduced to 1 layer or 2 layers according to UE capability.
Proposal 9: For FR2, the maximum number of DL MIMO layers is restricted to 1 layer.
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