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1 Introduction
In RAN #90 e-meeting, a new work item “Support of Reduced Capability NR devices” [1] was approved. The scope of UE complexity reduction features for Redcap was agreed as follows:
	· 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.
· [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.
· 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.)



In this contribution, we provide our views on two remaining issues related to reduced maximum UE bandwidth and minimum number of Rx branches. In addition, we analyze the potential specification impacts to support half-duplex FDD Type A technique for Redcap device.  

2. Discussion
2.1 On Reduced Bandwidth
In RAN 90 e-meeting, it was agreed in [1] to reduce mandatory bandwidth to 20MHz for Redcap UEs in FR1. Support of larger BW e.g., 40MHz was intensively discussed in the email thread and GTW session without reaching consensus. Consequently, it was agreed to further discuss in RAN 91 e-meeting together with other pending issues. In this section, we present our views on this.
Table 1 summarizes the data rate requirements of the Redcap uses cases in [1]. As analysed in study item phase, single layer transmission without DL/UL MIMO with 20MHz bandwidth is sufficiently achieve the peak data rate requirements of video surveillance, industrial sensor, and reference data rate requirement of wearable devices. However, the combination of 20MHz and 64QAM with single layer can not fulfil the 150Mbps data rate for high-end wearable devices. At least two options exist to reach the 150Mbps data rate, one is two MIMO layers and the other is wider bandwidth i.e., 40MHz BW. We believe it is important to provide desirable flexibility to UE. It should be UE implementation choice to pick one (i.e. two layers or larger BW) and then reported as part of UE capability signaling. Clearly, limiting to a single mechanism to reach the peak data rate e.g. two MIMO layers is undesirable.
Table 1: Data rate requirement for Redcap devices [1]
	
	Industrial sensor
	Video surveillance
	Wearable devices

	DL
	<=2Mbps
	Economic video: <=2~4Mbps
High-end video: <=7.5~25Mbps
	<=150Mbps (Peak), 5~50Mbps (Reference)

	UL
	
	
	<= 50Mbps (Peak), 2~5Mbps (Reference)



Proposal 1: Allowing Redcap devices to indicate support of wider bandwidth as part of UE capability signaling e.g., 40MHz to achieve higher data rate.

2.2 Reduced number of UE Rx/Tx antennas
Another FFS aspect is related to the reduced number of UE Rx branches for FR1 TDD. Two options were identified as follow: 
· Alt 1: N=2
· Alt 2: N=1, where N=2 is also supported 

The cost and complexity reduction benefit by reducing number of UE Rx branches were captured in Table 7.2.2-1 of clause 7.2.2 in draft TR 38.875 [2]. 
Table 7.2.2-1: Estimated relative device cost for reduced number of UE Rx branches [2]
	Reduced number of UE Rx branches
	FR1 TDD
(4Rx  2Rx)
	FR1 TDD
(4Rx  1Rx)

	RF: Antenna array
	-
	-

	RF: Power amplifier 
	25.0%
	25.0%

	RF: Filters
	7.6%
	3.9%

	RF: Transceiver (including LNAs, mixer, and local oscillator)
	30.4%
	17.8%

	RF: Duplexer / Switch
	4.9%
	4.9%

	RF: Total relative cost
	67.9%
	51.6%

	BB: ADC / DAC
	5.2%
	3.4%

	BB: FFT/IFFT
	2.2%
	1.3%

	BB: Post-FFT data buffering
	5.3%
	3.0%

	BB: Receiver processing block
	15.7%
	9.0%

	BB: LDPC decoding
	8.7%
	8.6%

	BB: HARQ buffer
	11.6%
	11.4%

	BB: DL control processing & decoder
	4.0%
	3.9%

	BB: Synchronization / cell search block
	4.8%
	2.7%

	BB: UL processing block
	5.0%
	5.0%

	BB: MIMO specific processing blocks
	7.9%
	7.3%

	BB: Total relative cost
	70.4%
	55.7%

	RF+BB: Total relative cost
	69.4%
	54.0%



As seen in the last row of total cost, the average estimated cost reduction achieved by reducing the number of UE Rx branches are as follows for FR1 TDD: 
· FR1 TDD (4Rx  2Rx): ~31%
· FR1 TDD (4Rx  1Rx): ~46%
Comparing to reducing to 2 Rx branches only, additional 15% cost reduction can be achieved by further reducing to 1 Rx. In addition to cost saving, as captured in draft TR 38.875[2], reduction of number of UE Rx branches is also beneficial in terms of reducing the device size in FR1, which we believe is vital for the targeted devices with small form factor such as wearable devices, industrial sense and video surveillance. Practically speaking, requiring more than one Rx for wearable devices essentially prevents them from implementing these Redcap techniques and makes the whole work item less useful and practically blocks extending NR techniques to this important market segments. 
Some concerns were raised during the discussions that reducing the number of Rx branches to 1 would cause significant coverage loss for downlink channels and hence lead to huge specification impacts to introduce coverage recovery techniques. It is true that reducing the number of Rx branches from 4 to 1 incurs ~3dB additional coverage loss compared to t reducing from 4 to 2. First, note that low antenna correlation was assumed for Redcap coverage evaluation, which is too optimistic for Redcap devices due to small form factor. The gap is expected to be further reduced in real deployment scenario. Second, as captured in draft TR and summarized in Table 2 below, the downlink channels even with 1 Rx branch is still better than that of the bottleneck channel (i.e., PUSCH channel of reference NR UE). Therefore, reducing the number of Rx branches from 4 to 1 does not require any additional coverage recovery. It maybe arguable that reducing the number of Rx branches to 1 needs coverage compensation for Msg2/Msg4 as well as common PDCCH channel for the 4GHz TDD band with 24dBm/MHz PSD. However, it should be noted that the coverage recovery is caused by the lower PSD, instead of 1 Rx branch. 
Table 2: Coverage loss (dB) for 1Rx RedCap UE in Urban 4 GHz with different DL PSD assumptions 
	PSD
	PDCCH CSS
	PDCCH USS
	PDSCH
	Msg2
	Msg4
	PBCH
	PUCCH 2-bits
	PUCCH 11 bits
	PUCCH 22 bits
	PUSCH
	Msg3
	PRACH B4

	33dBm/MHz 
	14.5
	18.1
	12.2
	9.4
	10.9
	13.4
	13.6
	10.5
	7.6
	-3.0
	5.0
	9.3

	24dBm/MHz
	-0.8
	4.3
	1.0
	-5.5
	-2.4
	0.6
	10.4
	9.6
	7.0
	-3.0
	4.4
	7.7



Proposal 2: For frequency band where legacy UE requires to support 4 Rx, the minimum number of Rx should be reduced to 1 for Redcap devices with additionally allowing to support 2 Rx as well.

2.3 Type A Half-Duplex FDD Operation 
In accordance with [1], Redcap devices support three different operations, including TDD, full-duplex FDD (FD-FDD) and Type-A Half-duplex FDD (HD-FDD). HD-FDD technique reduces the device cost by replacing one or more duplex filter with a switch. 
The first open issue is how to indicate the HD-FDD operation to gNB. In our view, Redcap devices can be assumed with capable of HD-FDD by default and support of FD-FDD can be further indicated by UE capability signaling. 
Proposal 3: Type A HD-FDD operation is assumed for Redcap devices and FD-FDD mode can be reported as part of UE capability. 
Another potential issue is how to handle the conflicting directions between DL and UL on the overlapping symbols. In our views, the dynamic uplink transmissions scheduled by DCI format, including PUSCH/PUCCH/A-SRS should take the highest priority, which provides a full flexibility to network to schedule data and maximizes the DL throughput performance by avoiding HARQ-ACK/PUCCH being unnecessarily dropped in case of collision with PDCCH/P/SP-CSI-RS. On the other hand, compared to other channels, the periodic and semi-persistent SRS resources can be deprioritized in case of collision.  
Proposal 4: For Type A HD-FDD operation, specifying the following priority order to handle the overlapping between DL reception and UL transmission: PUCCH or PUSCH or aperiodic SRS > PDCCH, P/SP-CSI-RS> P/SP-SRS

3. Conclusion 
In this contribution, we have presented our views on two open issues of reduced BW and Rx antenna number capability and provided analysis for half-duplex FDD Type A technique. Based on the discussions above, the following was proposed: 

Proposal 1: Allowing Redcap devices to indicate support of wider bandwidth as part of UE capability signaling e.g., 40MHz to achieve higher data rate.
Proposal 2: For frequency band where legacy UE requires to support 4 Rx, the minimum number of Rx should be reduced to 1 for Redcap devices with additionally allowing to support 2 Rx as well.
Proposal 3: Type A HD-FDD operation is assumed for Redcap devices and FD-FDD mode can be reported as part of UE capability. 
Proposal 4: For Type A HD-FDD operation, specifying the following priority order to handle the overlapping between DL reception and UL transmission: PUCCH or PUSCH or aperiodic SRS > PDCCH, P/SP-CSI-RS> P/SP-SRS
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