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1 Introduction
During the RAN# 90e meeting, the WI for Redcap was set with the following objectives [1]. 
	· Specify support for the following UE complexity reduction features [RAN1, RAN4]:

· Reduced maximum UE bandwidth:
· Maximum bandwidth of an FR1 RedCap UE during and after initial access of 20 MHz is supported. The possibility of, and any associated conditions for, optional support of a wider bandwidth up to 40MHz after initial access for this case will be further discussed at RAN#91e.
· Maximum bandwidth of an FR2 RedCap UE during and after initial access is 100 MHz
· Reduced minimum number of Rx branches:
· For frequency bands where a legacy NR UE is required to be equipped with a minimum of 2 Rx antenna ports, the minimum number of Rx branches supported by specification for a RedCap UE is 1. The specification also supports 2 Rx branches for a RedCap UE in these bands.
· For frequency bands where a legacy NR UE (other than 2-Rx vehicular UE) is required to be equipped with a minimum of 4 Rx antenna ports, the minimum number of Rx branches supported by specification for a RedCap UE will be decided at RAN#91e; hence no specific work for these frequency bands will be done before RAN#91e.
· Maximum number of DL MIMO layers:
· For a RedCap UE with 1 Rx branch, 1 DL MIMO layer is supported.
· For a RedCap UE with 2 Rx branches, 2 DL MIMO layers are supported.
· Relaxed maximum modulation order:
· Support of 256QAM in DL is optional (instead of mandatory) for an FR1 RedCap UE.
· No other relaxations of maximum modulation order are specified for a RedCap UE.

· Duplex operation:

· HD-FDD type A with the minimum specification impact (Note that FD-FDD and TDD are also supported.)

· Specify higher layer support of enhancements listed above [RAN2, RAN1]. Details are to be refined at RAN#91e taking the outcome of the RedCap SI into account, and work on this objective shall start after RAN#91e:

· Specify definition of RedCap UE type(s) including set(s) of L1 capabilities for RedCap UE identification and for constraining the use of those RedCap L1 capabilities only for RedCap UEs, and preventing RedCap UEs from using capabilities not intended for RedCap UEs including at least carrier aggregation, dual connectivity and wider bandwidths.

· Specify functionality that will enable RedCap UEs to be explicitly identifiable to networks and allow operators to restrict their access if desired.

· Specify necessary updates of UE capabilities (38.306) and RRC parameters (38.331).

· Specify RAN4 core requirements for the above. 

Notes:

· Rel-15 SSB bandwidth is reused and L1 changes minimized.

· The work defined as part of this WI is not to overlap with LPWA use cases.

· Coexistence with non-RedCap UEs is to be ensured.

· This WI focuses on SA mode and single connectivity with operation in a single band at a time.

· The work in other WGs than RAN1 starts after RAN#91e.
· The appropriate WI for handling of any potential coverage recovery aspects related to RedCap UEs devices will be considered at RAN#91e.



In this contribution, we will share our initial consideration on the specified complexity reduction techniques and the remaining issues to be discussed in the next RAN plenary meeting. 
2 Reduced UE bandwidth
2.1 On support of 40MHz in FR1
During the SI phase, the candidate maximum UE bandwidths after initial access in FR1 is 20MHz and bandwidth larger than 20MHz. And during the discussion in RAN plenary, it is concluded that optional support of a wider bandwidth up to 40MHz after initial access for this case will be further discussed at RAN#91e. In this subsection, we will share our consideration on the support of 40MHz. 
For the wearable devices use case, there are two important requirements. One requirement is the data rate as indicated in the WID, which is up to 150M bps in DL and up to 50M bps in UL. Another requirement is the device size, which requires less number of Tx/Rx. 
With the assumption that the supported modulation is 64 QAM, there are two options to achieve the peak data rate requirement. One option is equipping 20MHz with 2 MIMO layers and another option is equipping 40MHz with 1 MIMO layer. 
Table 1 Options to achieve the peak data rate requirement
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Option 1 20MHz 2 64QAM ~160M bps
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Table. 2 displays the detailed comparison between Option 1 and Option 2 from the aspects of spectral efficiency, impact on device size, power consumption, cost and coverage. Obviously, Option 1 outperforms Option 2 in term of spectral efficiency due to the utilization of multi-layer transmission. However, on the other hand, equipping more Rx is quite challenging for the wearable devices due to the device size limitation, so Option 2 is more beneficial in terms of device size. As for the power consumption part, the power consumption reduction in Option 1 comes from reducing the UE bandwidth from 100MHz to 20MHz and reducing the Rx from 4 and 2. According to the UE power consumption scaling model in TR 38.840, the power consumption of UEs with 20MHz is about 40% of the power consumed by UEs with 100M Hz. And power consumption of UEs with 2 Rx is 70% of the power consumed by UEs with 4Rx. Similarly, in Option 2, power consumption of UEs with 40MHz is 55 % of power consumed by UEs with 100MHz bandwidth. For the power saving, we suppose the power consumption of UE with 1 Rx is 49% of the UE with 4 Rx with the assumption that he scaling factor of “0.7” is used for reducing 4Rx to 2Rx and reducing 2Rx to 1 Rx. Hence, the overall power consumption for Option 1 and Option 2 is 28% of the baseline and 27% of the baseline. As for the cost reduction, according to the observation in TR 38.875， when the UE bandwidth is reduced from 100MHz to 20MHz, the cost is reduced to 66.6% of the baseline. When the number of Rx is reduced from 4 to 2, the cost is reduced to 69% of the baseline. Considering the reduction in both UE bandwidth and Rx, the overall cost in Option 1 is about 46% of the baseline. In Option 2, there is no available cost analysis for reduction from 100MHz to 40MHz, so we perform the cost analyse for UE bandwidth of 40MHz based on the same methodology used in the SI phase and it is observed that the cost can be reduced to 75% of the baseline. More details are shown in Table.1 of the Annex part. For the cost reduction when Rx is reduced from 4 to 1, the cost is reduced to 54% of the baseline as captured in the TR. Then, in option 2, the overall cost is about 40.5% of the baseline.  For the coverage part, according to the conclusion captured in the TR [2], there would be around 1 dB loss in the broadcast PDCCH in Option 2. 
Table 2 Comparison between Option 1 and Option 2
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According to the discussion above, the following observations can be made:

Observation 1:

· UEs with 40MHz and 1Rx achieve better cost saving gain than UEs with 20MHz and 2Rx

· UEs with 40MHz and 1Rx achieve similar power saving gain with UEs with 20MHz and 2Rx

· UEs with 40MHz and 1Rx outperform UEs with 20MHz and 2Rx in terms of device size
· UEs with40MHz and 1Rx show inferior performance to UEs with 20MHz and 2Rx from the aspect of spectral efficiency
· UEs with40MHz and 1Rx experience more coverage loss compared with UEs with 20MHz and 2 Rx
For the wearables use case, the device size is a crucial factor. When high data rate is required, equipping the wearable devices with 40MHz and 1Rx is more friendly to the device size with little impact on the cost and power. For devices with less stringent requirement on the device size, the requirement on the spectral efficiency can be prioritized. These kind of devices can be equipped with 20MHz and 2 Rx to achieve high data rate. 
Proposal 1: Support UE bandwidth of 40MHz at least for wearable devices
2.2 Analysis of specified UE BW
· Before initial access
SSB occupies 240 consecutive subcarriers and the possible SCS for SSB are 15k Hz and 30k Hz in FR1, which correspond to a frequency bandwidth of 3.6 MHz and 7.2 MHz, respectively.  In FR1, the CORESET#0 and the SSB are multiplexed in pattern 1, in which SSB and CORESET#0 are multiplexed in TDM manner. Furthermore, the SSB is confined within the frequency resource of the CORESET#0. Different amount of frequency resource can be configured for CORESET#0. Among all the configuration, the maximum bandwidth occupied by CORESET#0 is 17.28MHz. Therefore, Redcap UE is capable to monitor the CORESET#0 in any configuration. In addition, since the RMSI is also scheduled within the frequency resource of CORESET#0, then there is no problem to monitor the current RMSI as well.  Thus, it can be concluded that there is little impact on the reception of SSB, CORESET#0 and RMSI for Redcap devices working in FR1.
Observation 2: In FR1, there is no impact on the reception of SSB, CORESET#0 and RMSI when the maximum UE bandwidth is 20MHz

In FR2, SSB occupies 240 consecutive subcarriers and the possible SCS are 120kHz and 240k Hz, which correspond to a frequency bandwidth of 28.8 MHz and 57.6MHz, respectively. In FR2, the CORESET#0 and the SSB also support multiplexing pattern 2 and pattern 3, in which SSB and CORESET#0 are multiplexed in FDM manner. This FDM based multiplexed manner requires more frequency resource. In most configuration cases, the total required frequency resource for SSB and CORESET#0 is no larger than 100MHz. While just in the following two configuration cases, the total required frequency resource for SSB and CORESET#0 would exceed 100MHz. 
Table 3 Problematic cases of  reception of SSB/CORESET#0in FR2

	SSB and CORESET multiplexing pattern 
	Number of RBs 
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Observation 3: In FR2, the required frequency resource of two configurations would exceed 100MHz 
Since there is just very small portion of problematic cases, there is no need to spend effort to redesign the SSB or CORESET#0 and just relying on the implementation solution suffices. For example, when there are Redcap devices in the network, the network could avoid to adopt the problematic configuration. Or even if under the problematic configuration, the Redcap devices can receive the SSB and related COREST#0 in different time occasion with acceptable delay. 

 Proposal 2: In FR2, implementation based solution is sufficient to handle the problematic configurations where the SSB/CORESET#0 spans more than 100MHz
·  During initial access 
The transmission of preamble on PRACH, Msg.2/Msg.4 on PDSCH, Msg.3 on PUSCH, scheduling information on PDCCH and HARQ feedback of Msg.4 on PUCCH are involved in the initial access procedure. 
In the DL, Msg2 and Msg4 are required to be transmitted within the CORESET#0 bandwidth. The maximum bandwidth of COREST#0 is 17.28MHz and 69.12 MHz, respectively. Then there is no problem in the reception of Msg.2 and Msg.4 in both FR1and FR2. 
In the UL, the PRACH, Msg.3 on PUSCH and HARQ on PUCCH are within the UL initial BWP. In the current specification, the UL initial BWP is configured by the RMSI and shared by all UEs detecting the same SSB. With the support of Redcap devices, the situation needs careful consideration since maximum UE bandwidth is different between Redcap devices and normal UEs. If the UL initial BWP spans in frequency resource larger than Redcap devices’ maximum UE bandwidth, there would be some difficulty for Redcap to monitor the UL resource for the preamble, PUSCH and PUCCH transmission. While on the other hand, if gNB always restrict the configuration of UL initial BWP e.g., the bandwidth is limited to frequency resource smaller than Redcap devices’ maximum UE bandwidth, that would sacrifice the flexibility on the network and the performance on the normal UE side. To mitigate the difficulty in transmission on the Redcap and avoid negative impact on the normal UEs and network, there are two directions.
 One direction is to support separate UL initial BWP for Redcap and normal UEs. For examples, wider frequency resource can be configured for UL initial BWP targeting for normal UE while narrower frequency band is configured for UL initial BWP targeting for Redcap devices considering the restriction on the maximum UE bandwidth. 
Another direction is that Redcap devices and the normal UEs are still share the same UL initial BWP and take some specific solutions to different channel transmission for Redcaps. In this paragraph, we will elaborate the detailed solutions for each UL channel. For the PRACH channel, Redcap devices are able to monitor one PRACH resource in frequency. While, in NR the multiple PRACH channels can be multiplexed in FDM manner and the multiplexing factor is up to 8. In this situation, the Redcap devices are unable to monitor all the PRACH resources in some cases. Since the UEs only utilize one preferred PRACH channel based on the SSB detection, so one possible solution is the Redcap devices only monitor the chosen PRACH channel by RF retuning. For the Msg.3 transmission over PUSCH, considering the small message size, it would not occupy resource larger than 20MHz in FR1 or 100MHz in FR2. So, the Redcap devices can still receive the Msg.3 by RF retuning if the scheduling of Msg.3 is out of Redcap UE’s UL monitoring frequency range. For the HARQ feedback for Msg.4 on PUCCH, there may be some problem when frequency hopping is enabled and the frequency hopping range exceeds maximum UE bandwidth of Redcap. In this problematic case, separate PUCCH configuration can be considered. For example, in this problematic case, the frequency hopping is disabled for Recap or different hopping resource is configured for Recap. 
Observation 4: When the bandwidth of UL initial BWP is larger than the maximum UE bandwidth of Redcap, there will be some problem in the transmission of preamble, Msg.3 and the HARQ of Msg.4 
Proposal 3: The following directions/ solutions can be considered to solve the UL transmission problem 

· Direction 1: Separate UL initial BWP configuration for Redcap and normal UEs 

· Direction 2: Shared UL initial BWP between Redcap and normal UEs

· Rely on RF retuning for preamble, Msg.3 transmission 

· Support separate PUCCH configuration for Redcap and normal UE
· After initial access 
Due to the reduced UE bandwidth, the straightforward BWP framework for Redcap is that a narrow BWP is configured for Recaps so that the Redcap devices could monitor all the frequency resource in the BWP. Within a narrow BWP, there would be some loss in frequency diversity / frequency selective gain.  To achieve the frequency diversity/ frequency selective gain, multiple BWP can be configured and BWP switching among multiple BWP can be considered. However, BWP switching would incur in large switching gap which would interrupt the transmission/ receiving. Furthermore, within a narrow BWP, it is not efficient to include SSB in each BWP, then the Redcap would switch to the BWP including SSB to do the SSB measurement for RLM/RRM and etc. This kind of BWP switching would incur BWP switching gap and interrupt the communication as well. 
To achieve better frequency diversity/ selective gain and enable efficient SSB measurement without large switching gap, the following directions can be considered. 
On direction is to support configuring BWP larger than maximum UE bandwidth. In the wide BWP, Redcap can monitor a part of BWP and jump to another frequency part of this BWP by RF retuning as shown in Fig.1. Within the BWP, the RF retuning is not expected too large. For example, in the MTC, RF retuning is also supported for the MTC devices to monitor any narrowband resource within the whole system bandwidth. In that situation, the RF retuning gap is two OFDM symbols with 15k HZ SCS. In the NR, the RF retuning gap is not expected larger than two OFDM symbols with 15k HZ SCS and the exact value can be defined in RAN4. 
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Figure 1 Example of RF retuning within a wide BWP
Another direction is to striving some solutions to optimize the BWP framework to reduce the switching gap. For example, the parameters of the involved BWP should be set as the same as possible to compress the gap as much as possible. But for this direction, the feasibility should be identified by RAN4
Proposal 4: Consider the following two directions to get rid of the negative impact of reduced BW

· Direction 1: Support configuring BWP larger than the maximum UE bandwidth
· Direction 2: Optimize the BWP framework 
Due to the reduced UE bandwidth, the capacity of PDCCH will be restricted especially for the case of large SCS. Table. 4 lists the capacity of CORESET with different SCS and CORESET duration when the UE bandwidth is 20MHz.  Restriction on the CORESET capacity cause many negative impacts. For example, increased blocking probability and the coverage of one PDCCH would be reduced since certain high aggregation can’t be used. In this case, solutions to extending the CORESET capacity can be considered. 
Table 4 CORESET capacity
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One simple solution is to extend the CORESET duration in time domain. However, the REG numbering rule and the REG bundle formulation should be carefully designed so as to minimize the standardization effort.  Fig.1 depicts one example. One CORESET is divided into multiple CORESET subsets and these CORESET subsets are concatenated in time domain. The REG numbering is performed within the CORESET subset and the REG bundle is formed within one CORESET as well. Then the existing CCE mapping and PDCCH construction can be reused. 
Proposal 5: Consider extending the CORESET duration in time domain to enhance the CORESET capacity
· Reuse the existing mapping design of REG bundle, CCE and PDCCH as much as possible
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Figure 2 Example of extending the CORESET duration
2.3 Rx reduction in FR1

For the Rx reduction, one remaining issue the definition of the minimum number of Rx branch of Redcap for frequency bands where a legacy NR UE (other than 2-Rx vehicular UE) is required to be equipped with a minimum of 4 Rx antenna ports. In this subsection, we will focus on this issue.  
Redcap devices target several use cases and different use case have different requirements. In that sense, the setting of Rx reduction should fit the requirement of different use case. For wearable such as smart watch, which is one of the very typical use cases proposed by companies for several meetings, its device size is confined by the size of normal human wrist. For such small form factor device, the PCB size for antenna design is very challenging for more than one antenna design, so 1 Rx is the most majority option for smart watch in current market. 

Even if two Rx antennas is considered, the physical distance between the Rx antennas in wearable devices shall be designed to satisfy some requirement, for example the distance isolation is no less than 1/2λ(about 8cm in some band of FR1), which is very challenging with the limited PCB size of small form factor device. 

From the small form factor point of view, 1Rx shall be an option unless we remove the use case of wearables from the RedCap work item. Supporting 1Rx can result in significant power saving and cost saving as we analysed in table 2 of our contribution. 
On the other hand, network has concern at the impact on the loss of coverage and spectral efficiency compared to 2Rx in the same band. Actually, in the real test case, the performance gain of 2Rx on wearable over 1Rx over wearable is marginal. Firstly, under very limited space, radiation space of 2Rx is much smaller than that of 1Rx design, so the antenna efficiency loss in 2Rx case is higher than the that of 1Rx case and the loss. In the real product, the antenna efficiency loss of 2Rx may be 3dB higher than that of 1Rx. Secondly, within the compact former size, equipping 2Rx would result in high Rx antenna correlations which imposes significant impact on the throughput and the coverage. Thus considering more antenna efficiency loss and high antenna correlation, the performance of 2Rx is not expected much better than that of 1Rx. At last, access control mechanism is available for the operators, if network work has coverage concern in certain area, access control could be implemented to void 1Rx UE to access in these cells or areas.

Proposal 6:  1Rx should be supported for frequency bands where a legacy NR UE (other than 2-Rx vehicular UE) is required to be equipped with a minimum of 4 Rx antenna ports
2.4 HD-FDD
In [1], specifying the support of HD-FDD type A with the minimum specification impact is included. 
UL/DL transition time
UEs in HD-FDD operation need to switch between DL carrier and UL carrier for reception and transmission. The transition time for UE switching from DL to UL and from UL to DL should be defined, and half-duplex UEs should not expect to receive or transmit in the transition time. In TS 38.211 Table 4.3.2-3, the transition time for a UE not capable of full-duplex communication is defined. RAN1 should ask RAN4 whether the same transition time can be assumed for Redcap type-A half-duplex UE, or new values should be provided. 

Proposal 7: RAN1 should ask RAN4 on DL-to-UL and UL-to-DL transition time for redcap type A UE.

UL/DL operation collision
One important issue for support of HD-FDD operation is on how to handle the potential collision between UE UL and DL operations. The UL UE operation includes PUCCH transmission, configured grant or dynamic scheduling PUSCH transmissions, etc.; and the DL UE operation includes PDCCH monitoring, measurement, SSB, configured grant or dynamic scheduling PDSCH reception, etc. Although gNB scheduling can be helpful to resolve some UL/DL collision, it may not be able to preclude all the collisions.

However, the standardization complexity may also be high to define half-duplex UE behaviour for all the potential UL/DL collision cases. To minimize the specification impact, we suggest considering the NR TDD-UE behaviours in semi-statically configured flexible slots/symbols as the baseline for UL/DL collision handling of redcap half-duplex UE. Generally speaking, dynamically scheduled UL Tx and dynamically scheduled DL Rx are not expected to collide based on proper gNB scheduling; dynamically scheduled UL Tx can override semi-statically configured DL reception, PDCCH monitoring, etc.; and dynamically scheduled DL Rx can override semi-statically configured UL Tx, etc.  

In addition, to ease the gNB scheduling and help gNB to control half-duplex UE behaviour, UE-specific configurations on UL slots and DL slots can be supported for half-duplex FDD UE. Half-duplex UE can only transmit in the configured UL slots, and receive in the DL slots. 

Proposal 8: For UL/DL collision of half-duplex UE, the TDD UE operation in semi-statically configured flexible symbols/slots is the baseline

Proposal 9: Support to configure DL or UL slots/symbols for HD-FDD UE
3 Conclusion
In this contribution, we discuss the potential complexity reduction solutions, based on the discussion, our views are summarized as follows
Observation 1:

· UEs with 40MHz and 1Rx achieve better cost saving gain than UEs with 20MHz and 2Rx

· UEs with 40MHz and 1Rx achieve similar power saving gain with UEs with 20MHz and 2Rx

· UEs with 40MHz and 1Rx outperform UEs with 20MHz and 2Rx in terms of device size

· UEs with40MHz and 1Rx show inferior performance to UEs with 20MHz and 2Rx from the aspect of spectral efficiency
· UEs with40MHz and 1Rx experience more coverage loss compared with UEs with 20MHz and 2 Rx
Observation 2: In FR1, there is no impact on the reception of SSB, CORESET#0 and RMSI when the maximum UE bandwidth is 20MHz

Observation 3: In FR2, the required frequency resource in only two configurations exceeds 100MHz 
Observation 4: When the bandwidth of UL initial BWP is larger than the maximum UE bandwidth of Redcap, there will be some problem in the transmission of preamble, Msg.3 and the HARQ of Msg.4 

Proposal 1: Support UE bandwidth of 40MHz at least for wearable devices
Proposal 2: In FR2, implementation based solution is sufficient to handle the problematic configurations where the SSB/CORESET#0 spans more than 100MHz
Proposal 3: The following directions/ solutions can be considered to solve the UL transmission problem 

· Direction 1: Separate UL initial BWP configuration for Redcap and normal UEs 

· Direction 2: Shared UL initial BWP between Redcap and normal UEs

· Rely on RF retuning for preamble, Msg.3 transmission 

· Support separate PUCCH configuration for Redcap and normal UE
Proposal 4: Consider the following two directions to get rid of the negative impact of reduced BW

· Direction 1: Support configuring BWP larger than the maximum UE bandwidth

· Direction 2: Optimize the BWP framework 

Proposal 5: Consider extending the CORESET duration in time domain to enhance the CORESET capacity

· Reuse the existing mapping design of REG bundle, CCE and PDCCH as much as possible

Proposal 6:  1Rx should be supported for frequency bands where a legacy NR UE (other than 2-Rx vehicular UE) is required to be equipped with a minimum of 4 Rx antenna ports
Proposal 7: RAN1 should ask RAN4 on DL-to-UL and UL-to-DL transition time for redcap type A UE.

Proposal 8: For UL/DL collision of half-duplex UE, the TDD UE operation in semi-statically configured flexible symbols/slots is the baseline

Proposal 9: Support to configure DL or UL slots/symbols for HD-FDD UE
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Table. 1 Cost analysis for different UE bandwidth
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