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Introduction
This contribution discusses the following.
· Potential specification impact on UE complexity reduction features, including reduced maximum UE bandwidth, reduced minimum number of Rx branches, maximum number of DL MIMO layers and duplex operation.
· Consideration for TBS restriction.

Reduced maximum UE bandwidth
Description of feature 
According to RedCap WID [1], For FR1, RAN1 should consider the specification impact for 20MHz bandwidth during and after initial access.
	· 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



[bookmark: _Toc42042270]Analysis of specification impacts
Initial access 
Currently, for FR1, gNB will treat all UEs capable of 100MHz during initial access. This will cause some issues for coexistence between RedCap UE and legacy UE as follows.
· Initial active UL BWP: gNB can configure an initial active UL BWP larger than 20MHz for a UE.
· Initial active DL BWP reconfigured by SIB1: gNB can re-configure an initial active DL BWP (different from the initial active DL BWP configured by MIB) larger than 20MHz for a UE.
These issues may be solved by the following schemes mentioned in companies’ contributions.
· Scheme-1: Shared initial BWP between RedCap UE and legacy UE
· Initial DL BWP is not larger than 20MHz bandwidth configured by MIB
· Initial UL BWP can be larger than 20MHz bandwidth configured by SIB1
· R17 gNB allowing access of RedCap UE should configure initial UL BWP not larger than 20MHz bandwidth
· Spec impact: If RedCap UE finds initial UL BWP larger than 20MHz bandwidth, RedCap UE consider it as cell barring
· If R17 gNB allowing access of RedCap UE configures initial UL BWP larger than 20MHz, e.g. 40MHz, UE should perform early indication within a 20MHz bandwidth
· Spec impact: If RedCap UE finds initial UL BWP larger than 20MHz bandwidth, RedCap UE camps on a 20MH bandwidth.
· Scheme-2: Dedicated initial BWP for RedCap UE
· Initial DL BWP dedicated for RedCap UE is not larger than 20MHz bandwidth configured by MIB
· Initial UL BWP dedicated for RedCap UE is not larger than 20MHz bandwidth configured by SIB1
· If RedCap UE finds there is no initial DL BWP or UL BWP dedicated for RedCap UE, RedCap UE consider it as cell barring
Comparisons between Scheme-1 and Scheme-2 can be found in the following table. 
Table 1: Comparison between Scheme-1 and Scheme-2
	
	Pros
	Cons

	Scheme-1
	No need to define new initial DL/UL BWP
	For initial UL BWP, there are some spec impacts RedCap UE behavior within a BWP larger than 20MHz

	Scheme-2
	There is no spec impact RedCap UE behavior within a BWP larger than 20MHz
	Need to define new initial DL/UL BWP


For the network resource utilization or spectrum efficiency, Scheme-2 is similar to Scheme-1 since the resource of BWP dedicated for RedCap UE can be dynamically shared to legacy UE at network side.
Proposal 1: Consider supporting at least one of following schemes:
· Shared initial BWP between RedCap UE and legacy UE
· Dedicated initial BWP for RedCap UE

System information
In our view, there are some system information dedicated for RedCap UE, e.g. access control information, configuration for Msg-1 based early indication.
For system information dedicated for RedCap UE, there are some alternatives:
· Alt-1: New field in SIB1 for RedCap UE. SIB1 can be extended and does not affect legacy UE.
· Alt-2: New SIBx dedicated for RedCap UE. SIB1 is not changed.
· Alt-3: New SIB1 dedicated for RedCap UE. A new SIB1 is designed for RedCap UE.
In our view, Alt-1 and Alt-2 has slightly smaller specification impact.
Proposal 2: Consider supporting at least one of following alternatives:
· New field in SIB1 for RedCap UE
· New SIBx dedicated for RedCap UE

Reduced minimum number of Rx branches
Description of feature 
According to RedCap WID [1], for now, RAN1 should consider the specification impact for reducing 2 Rx to 1 Rx in frequency bands where 2 Rx is mandatory for legacy UE.
	· 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.
· [bookmark: _Hlk58502022][bookmark: _Hlk58574559]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.



Analysis of specification impacts
RAN4 spec impact
Definitely, RAN4 specifications should be updated to allow 1 Rx in the frequency bands where 2 Rx is mandatory for legacy UE.
Proposal 3: RAN4 specifications should be updated to allow 1 Rx in the frequency bands where 2 Rx is mandatory for legacy UE.

Coverage recovery
Reduction of the number of Rx antennas will affect the coverage, which has widely discussed in “coverage recovery” subtopic. In the “coverage recovery” subtopic, with the agreed evaluation methodology Option 3, some conclusions have been achieved.
	· For FR1, under the consideration of potential reduced antenna efficiency due to device size limitations, the MIL(s) of PUSCH and/or Msg3 are worse than that of the bottleneck channel for the reference NR UE and coverage recovery is needed. The amount of coverage recovery is up to 3 dB. For other UL channels, coverage recovery may be not needed.
· For FR1 including both FDD and TDD bands and RedCap UE with 2 Rx and reduced antenna efficiency, the MIL(s) of all the downlink channels are better than that of the bottleneck channel for the reference NR UE and coverage recovery is not needed. 
· For RedCap UE with 1 Rx and reduced antenna efficiency, dependent on frequency bands and the assumption of DL PSD, the need for coverage recovery can be different
· For carrier frequency of 4 GHz with DL PSD 24 dBm/MHz, coverage recovery may be needed for the downlink channels of Msg2, Msg4 and PDCCH CSS. A small or moderate compensation can be considered:
· [1 dB] for PDCCH CSS
· [2-3 dB] for Msg4
· [5-6 dB] for Msg2 without TBS scaling. It is noted that coverage loss for Msg2 can be compensated by using the existing TBS scaling technique. 
· For other carrier frequencies or DL PSD other than 24 dBm/MHz, coverage recovery is not needed for the downlink channels if the target for coverage recovery is based on the MIL of the bottleneck channel for the reference NR UE


In general view, for FR1 UL channels, coverage recovery for PUSCH and/or Msg3 can be considered in “coverage enhancement” topic. For FR1 DL channels, whether to perform coverage recovery from specification perspective is not agreed. 
Furthermore, as evaluation methodology Option 1 is not excluded, absolute ISD/MPL target should considered.
	· It is noted that in the methodology for RedCap UE coverage recovery target determination, absolute ISD/MPL targets are not considered
· The determination of which channels require coverage recovery and the amount of coverage recovery depend on the choice of the target for coverage recovery


in our view coverage recovery is needed for FR1 DL channels when 1 Rx applied, e.g. Msg2, Msg4 and PDCCH CSS.
Proposal 4: Coverage recovery should be considered for FR1 DL channels when 1 Rx applied, e.g. Msg2, Msg4 and PDCCH CSS.

Early indication
As mentioned in TR 38.875, reduction of the number of Rx antennas will cause coexistence issue between RedCap UE and legacy UE, e.g. coverage issue of broadcast channel and PDCCH blocking issue. Hence, the early indication to let gNB early identify RedCap UE may be necessary. The details are discussed in our companion contribution [2].

Maximum number of DL MIMO layers
Description of feature
According to RedCap WID, RAN1 should consider the specification impact for relaxation of maximum number of DL MIMO layers.
	· Specify support for the following UE complexity reduction features [RAN1, RAN4]:
· 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.



Analysis of specification impacts
According to TR 38.875 [3], the specification impact from reduction of the maximum number of MIMO layers for RedCap UE is small.
	The specification impact from reduction of the maximum number of MIMO layers for RedCap UEs is small.


In our view, RI and LI report may not be necessary for RedCap UE, since RedCap UE with 1 Rx antenna only supports single MIMO layer. However, the specification impact is marginal.

[bookmark: OLE_LINK1][bookmark: OLE_LINK2]Duplex operation 
Description of feature  
Half duplex FDD (HD-FDD) operation is a technique that can lower the cost of a RedCap UE by simplifying the RF implementation. By not requiring simultaneous transmission and reception, an HD-FDD RedCap UE does not need a duplexer. In place of a duplexer, a switch is used.
According to RedCap WID [1], RAN1 should consider the specification impact for type A half-duplex operation.
	· Duplex operation:
· HD-FDD type A with the minimum specification impact (Note that FD-FDD and TDD are also supported.)


Analysis of specification impacts
Switching times
[bookmark: _Toc39594045][bookmark: _Toc39594046][bookmark: _Toc39594047][bookmark: _Toc39594048][bookmark: _Toc39594049][bookmark: _Toc39594050][bookmark: _Toc39594051]For HD-FDD operation type A, UE switching times should be considered and specified. Switching time for the DL-to-UL transition is created by the UE not receiving the last DL OFDM symbols before switching to UL. Switching time for the UL-to-DL transition is handled by setting the appropriate amount of timing advance in the UE. 
In NR, there is already a notion of transition times for non-full-duplex devices according to TS 38.211 [4]:
	A UE not capable of full-duplex communication is not expected to transmit in the uplink earlier than  after the end of the last received downlink symbol in the same cell where  is given by Table 4.3.2-3. 
A UE not capable of full-duplex communication is not expected to receive in the downlink earlier than  after the end of the last transmitted uplink symbol in the same cell where  is given by Table 4.3.2-3.
Table 4.3.2-3: Transition time  and 
	Transition time
	FR1
	FR2

	
	25600
	13792

	
	25600
	13792





In our understanding, the above transition times can be reused or as a baseline for DL-to-UL and UL-to-DL switching time for a Type A HD-FD RedCap UE. 
Proposal 5: The transition times specified in 38.211 can be reused or as a baseline for DL-to-UL and UL-to-DL switching times for a Type-A HD-FD RedCap UE 

[bookmark: OLE_LINK3][bookmark: OLE_LINK4]DL/UL collision
Except for the UE switching times, handling of DL/UL collision should be considered. NR supports flexible resource assignment of a PDSCH or PUSCH by configuring a TDRA table, but there may be some cases where downlink reception and uplink transmissions colliding. The specifications may introduce some constraints or priority rules, e.g. the UE is not required to monitor PDCCH while transmitting in the uplink.
Proposal 6: How to handle DL/UL collision should be considered for a Type-A HD-FDD RedCap UE.

Considerations for TBS restriction
Further cost reduction
In our view, TBS restriction like those done in LTE Cat-1 has benefit of further cost reduction, e.g. restricting the maximum number of PRBs for PDSCH/PUSCH, or equivalently restricting TBS in the specification.
With TBS restriction, cost of channel decoding related modules (e.g. LDPC decoding, HARQ buffering) and MIMO related modules (e.g. Post-FFT data buffering, Receiver processing block) can be reduced.
We evaluated the cost savings of RedCap UE brought by TBS restriction and achieved the following observations, and the detailed evaluation can be found in Appendix based on agreed evaluation methodology. The evaluation results are shown as follows.
· [bookmark: OLE_LINK15][bookmark: OLE_LINK16]FR1, Channel BW 100MHz20MHz
· The maximum number of allocated PRBs for PDSCH/PUSCH is reduced from 273 PRBs (~100MHz@30kHz in FR1) to 51 PRBs  (~20MHz@30kHz in FR1) 
· The cost can be reduced by around 40.56% for TDD, and 42.96% for FDD
· FR1, {Channel BW reduction 100MHz20MHz, TBS restriction}
· For FR1: When the maximum number of allocated PRBs for PDSCH/PUSCH is reduced from 273 PRBs (~100MHz@30kHz in FR1) to 11 PRBs (~5MHz@30kHz in FR1)
· The cost can be reduced by around 45.96% for TDD, and 48.63% for FDD
· FR2, Channel BW reduction 200MHz100MHz
· When the maximum number of allocated PRBs is reduced from 270 PRBs (~200MHz@60kHz in FR2) to 135 PRBs (~100MHz@60kHz in FR2)
· The cost can be reduced by around 23.25%
· FR2, {Channel BW reduction 200MHz100MHz, TBS restriction}
· When the maximum number of allocated PRBs is reduced from 270 PRBs (~200MHz@60kHz in FR2) to 65 PRBs (~50MHz@60kHz in FR2)
· The cost can be reduced by around 31.00%
Note 1: In the evaluation, channel decoding related modules (e.g. LDPC decoding, HARQ buffering) and MIMO related modules (e.g. Post-FFT data buffering, Receiver processing block) all have cost reduction for combination of {Channel BW reduction, TBS restriction}. 
Note 2: In Section 6.2 of our previous contribution [R1-2008100] in RAN1#103e, we neglected the cost reduction of MIMO related models for TBS restriction, which is too conservative and incorrect.
From above evaluation results, it can be observed that the additional cost breakdown for the TBS restriction can be about 5% for FR1 TDD, 6% for FR1 FDD and 8% for FR2. 
Observation 1: It can be observed that the additional cost breakdown for the TBS restriction can be about 5% for FR1 TDD, 6% for FR1 FDD and 8% for FR2.

System benefit
In RAN#90e discussion, from perspective of network spectrum efficiency, if RedCap UEs occupy too larger bandwidth, the network spectrum efficiency would be degraded for optional full-buffer traffic, since RedCap UE is lack of antenna multiplexing or diversity gain. Some companies supported to restrict the maximum number of PRBs for RedCap UE to mitigate the loss of network spectrum efficiency. We share the similar view.

Impact to initial access
If the TBS is restricted, the initial access procedure should not be impacted. For SI, paging message and Msg 1/2, it can be ruled that gNB should not send TB with larger than a defined value; otherwise, the cell is considered as barring for RedCap UE. Therefore, there could be marginal specification impact to initial access. Furthermore, after Msg 3, gNB can realize the existence of a RedCap UE and implicitly send TB with limited size, which has no specification impact thereafter. Anyway, we do not see the larger specification impact than that done to LTE Cat-1.
Therefore, we suggest considering the TBS restriction.
Proposal 7: The TBS restriction should be considered for RedCap UE.

[bookmark: _Ref494215420][bookmark: _Ref502921678][bookmark: _Ref502921460]Conclusion
Based on the analyses and discussions, we have the following observation and proposals:
Proposal 1: Consider supporting at least one of following schemes:
· Shared initial BWP between RedCap UE and legacy UE
· Dedicated initial BWP for RedCap UE
Proposal 2: Consider supporting at least one of following alternatives:
· New field in SIB1 for RedCap UE
· New SIBx dedicated for RedCap UE
Proposal 3: RAN4 specifications should be updated to allow 1 Rx in the frequency bands where 2 Rx is mandatory for legacy UE.
Proposal 4: Coverage recovery should be considered for FR1 DL channels when 1 Rx applied, e.g. Msg2, Msg4 and PDCCH CSS.
Proposal 5: The transition times specified in 38.211 can be reused or as a baseline for DL-to-UL and UL-to-DL switching times for a Type-A HD-FD RedCap UE 
Proposal 6: How to handle DL/UL collision should also be considered for a Type-A HD-FDD RedCap UE.
Observation 1: It can be observed that the additional cost breakdown for the TBS restriction can be about 5% for FR1 TDD, 6% for FR1 FDD and 8% for FR2.
[bookmark: _GoBack]Proposal 7: The TBS restriction should be considered for RedCap UE.

Reference 
[1] RP-202933, New WID on support of reduced capability NR devices.
[2] R1-2100822, Discussion on Higher layer support of RedCap UE, Spreadtrum, January 25th – February 5th, 2021.
[3] TR 38.875, Study on support of reduced capability NR devices.
[4] TS 38.211, NR; Physical channels and modulation.

Appendix
FR1 TDD:
	　
	　Components
	Reference
	Channel BW reduction 100MHz-->20MHz
	{Channel BW reduction 100MHz-->20MHz, TBS restriction}

	
	Power amplifier
	25.00%
	0%
	0%

	
	Filters
	15.00%
	0%
	0%

	
	RF transceiver (including LNAs, mixer, and local oscillator)
	55.00%
	0%
	0%

	
	Duplexer / Switch
	5.00%
	0%
	0%

	
	Other
	0.00%
	0%
	0%

	40%
	Total 
	100.00%
	0.00%
	0.00%

	Baseband
	ADC / DAC
	9.00%
	80%
	80%

	
	FFT/IFFT
	4.00%
	50%
	50%

	
	Post-FFT data buffering
	10.00%
	80%
	95%

	
	Receiver processing block
	29.00%
	80%
	95%

	
	LDPC decoding
	9.00%
	80%
	95%

	
	Memory(HARQ  buffer) 
	12.00%
	80%
	95%

	
	DL control processing & decoder
	4.00%
	80%
	80%

	
	Synchronization / cell search block
	9.00%
	0%
	0%

	
	UL processing block
	5.00%
	0%
	0%

	
	MIMO specific processing blocks
	9.00%
	80%
	80%

	
	Other
	0.00%
	0%
	0%

	60%
	Total 
	100.00%
	67.60%
	76.60%

	Cost reduction 
	　
	　
	40.56%
	45.96%



FR1 FDD
	　
	Components
	Reference
	Channel BW reduction 100MHz-->20MHz
	{Channel BW reduction 100MHz-->20MHz, TBS restriction}

	
	Power amplifier
	25.00%
	0%
	0%

	
	Filters
	10.00%
	0%
	0%

	
	RF transceiver (including LNAs, mixer, and local oscillator)
	45.00%
	0%
	0%

	
	Duplexer / Switch
	20.00%
	0%
	0%

	
	Other
	0.00%
	0%
	0%

	40%
	Total 
	100.00%
	0.00%
	0.00%

	Baseband
	ADC / DAC
	10.00%
	80%
	80%

	
	FFT/IFFT
	4.00%
	50%
	50%

	
	Post-FFT data buffering
	10.00%
	80%
	95%

	
	Receiver processing block
	24.00%
	80%
	95%

	
	LDPC decoding
	10.00%
	80%
	95%

	
	Memory(HARQ  buffer) 
	14.00%
	80%
	95%

	
	DL control processing & decoder
	5.00%
	80%
	80%

	
	Synchronization / cell search block
	9.00%
	0%
	0%

	
	UL processing block
	5.00%
	80%
	95%

	
	MIMO specific processing blocks
	9.00%
	80%
	80%

	
	Other
	0.00%
	0%
	0%

	60%
	Total 
	100.00%
	71.60%
	81.05%

	Cost reduction 
	　
	　
	42.96%
	48.63%



FR2 TDD:
	　
	Components
	Reference
	Channel BW reduction 200MHz-->100MHz
	{Channel BW reduction 200MHz-->100MHz, TBS restriction}

	
	Antenna array for FR2
	33%
	0%
	0%

	
	Power amplifier
	18.00%
	0%
	0%

	
	Filters
	8.00%
	0%
	0%

	
	RF transceiver (including LNAs, mixer, and local oscillator)
	41.00%
	0%
	0%

	
	Duplexer / Switch
	0.00%
	0%
	0%

	
	Other
	0.00%
	0%
	0%

	50%
	Total 
	100.00%
	0.00%
	0.00%

	Baseband
	ADC / DAC
	4.00%
	50%
	50%

	
	FFT/IFFT
	4.00%
	50%
	50%

	
	Post-FFT data buffering
	11.00%
	50%
	75%

	
	Receiver processing block
	24.00%
	50%
	75%

	
	LDPC decoding
	9.00%
	50%
	75%

	
	Memory(HARQ  buffer) 
	11.00%
	50%
	75%

	
	DL control processing & decoder
	5.00%
	50%
	50%

	
	Synchronization / cell search block
	7.00%
	0%
	0%

	
	UL processing block
	7.00%
	50%
	75%

	
	MIMO specific processing blocks
	18.00%
	50%
	50%

	
	Other
	0.00%
	0%
	0%

	50%
	Total 
	100.00%
	46.50%
	62.00%

	Cost reduction 
	　
	　
	23.25%
	31.00%



