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[bookmark: _Ref513464071]Introduction
In RAN#90-e, a new WI on reduced capability (RedCap) NR devices was approved [1]. Some of the objective of the WI are:
· 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 discuss complexity reduction features for RedCap UEs.
Complexity reduction
Reduced bandwidth
In NR, three patterns are supported to multiplex SSB and CORESET#0; patterns 2 and 3 are used in FR2 and support frequency division multiplexing of the SSB and CORESET#0. In certain configurations for which the SCS of the SSB is 240 kHz, the total frequency span of the SSB and CORESET#0 may exceed the maximum RedCap UE BW of 100 MHz. For the cases where the RedCap UE BW is smaller than the total frequency span of the SSB and CORESET#0, it may be beneficial to offload the RedCap UEs to a dedicated CORESET#0.
In addition to the above, since the number of RedCap UEs in a cell can be quite large depending on the use case, the load of the initial DL and UL BWPs may increase, resulting in performance degradation for NR UEs. Therefore, defining a separate initial DL BWP and UL BWP for RedCap UEs may be beneficial for load balancing purposes.  To perform the necessary measurements in the new initial DL BWP, a more efficient SSB structure can be supported. For example, the PBCH may not be present in the SSBs in the new DL initial BWP.

Proposal 1: Dedicated CORESET#0, initial DL BWP, and initial UL BWP are considered for RedCap UEs.
An issue regarding the random-access procedure for RedCap UEs was raised in [2]: When PRACH occasions are frequency multiplexed, for certain configurations in FR1, the total BW spanned by the PRACH occasions could be larger than the maximum RedCap UE BW of 20 MHz. Therefore, if the best SSB is mapped to a PRACH occasion outside the RedCap UE BW, the UE may not be able to transmit PRACH according to the best SSB. To address this issue, the following may be considered:
· A dedicated initial uplink BWP for RedCap UEs in which the mapping between SSBs and PRACH occasions is optimized for RedCap UEs.
· Configuration of the mapping between SSBs to PRACH occasions can be configured by the gNB considering the maximum RedCap UE BW. For example, multiple SSBs may be mapped to one PRACH occasion so as to ensure that the total BW used by the PRACH occasions is less than the maximum RedCap UE BW. However, the impact of such restrictions on NR UEs should be studied.
· The RedCap UE retunes its center frequency so that the PRACH occasion stays within its supported BW.


Proposal 2: Consider solutions for the case where the frequency span of the PRACH occasions is larger than maximum RedCap UE BW.
One potential issue that needs to be addressed is the PUCCH transmission after msg4 during initial access. According to 38.213, the common PUCCH resource set to be used in the initial uplink BWP is determined as follows:
	If the UE provides HARQ-ACK information in a PUCCH transmission in response to detecting a DCI format scheduling a PDSCH reception or a SPS PDSCH release, the UE determines a PUCCH resource with index , , as , where  is a number of CCEs in a CORESET of a PDCCH reception with the DCI format, as described in Clause 10.1,  is the index of a first CCE for the PDCCH reception, and  is a value of the PUCCH resource indicator field in the DCI format. 
If  and a UE is provided a PUCCH resource by pucch-ResourceCommon and is not provided useInterlacePUCCH-PUSCH in BWP-UplinkCommon
-	the UE determines the PRB index of the PUCCH transmission in the first hop as  and the PRB index of the PUCCH transmission in the second hop as , where  is the total number of initial cyclic shift indexes in the set of initial cyclic shift indexes
-	the UE determines the initial cyclic shift index in the set of initial cyclic shift indexes as 
If  and a UE is provided a PUCCH resource by pucch-ResourceCommon and is not provided useInterlacePUCCH-PUSCH in BWP-UplinkCommon
-	the UE determines the PRB index of the PUCCH transmission in the first hop as  and the PRB index of the PUCCH transmission in the second hop as  
-	the UE determines the initial cyclic shift index in the set of initial cyclic shift indexes as [image: ]



According to the above, the frequency range of the initial uplink BWP between the first and second hop may exceed the maximum RedCap UE BW. To address this issue, the following solutions may be considered (Note that the same solutions can be considered for msg3 transmission as well):
· A new hopping pattern for RedCap UEs can be defined (e.g., modifying the first RB indices of the frequency hops).
· A dedicated initial uplink BWP can be defined for RedCap UEs.
· The RedCap UE retunes its center frequency between the hops.

Proposal 3: Consider solutions for the case where the frequency span of PUCCH and PUSCH during initial access is larger than maximum RedCap UE BW.

Reduced number of antennas
In Rel-15, the minimum number of Rx antennas is 4 in the n7, n38, n41, n77, n78, n79 bands. In the remaining FR1 bands and in FR2 bands, at least 2 Rx antennas are mandatory. It was shown in 38.875 that by reducing the number of Rx antennas from 2 to 1 in the bands where the minimum number of Rx antennas is 4, when accompanied by a reduction in the number of MIMO layers, an additional 20% cost reduction can be achieved. Besides the significant cost reduction, supporting 1 Rx antenna is beneficial to reduce the size of certain RedCap UEs such as wearables. It would also simplify the design by supporting the same minimum number of Rx antennas across all bands.
The greatest impact of reducing the number of antennas would be in the coverage of certain channels. As shown in Table 1, in 4GHz band with 24 dBm/MHz PSD, supporting 1 Rx antenna results in additional coverage loss for msg2 and msg4. So, DL coverage recovery may be needed during initial access.

[bookmark: _Ref61841618]Table 1 Coverage loss (dB) for RedCap UE in Urban 4 GHz with 24 dBm/MHz PSD
	
	PDCCH CSS
	PDCCH USS
	PDSCH
	Msg2
	Msg4
	PUCCH 2bits
	PUCCH 22 bits
	PUSCH 
	Msg3

	2 Rx
	4.9
	8.9
	6.4
	0
	2.9
	12.2
	7.9
	-3.0
	5.0

	1 Rx
	1.7
	5.7
	3.3
	-4.6
	-0.2
	12.2
	7.9
	-3.0
	5.0



Duplex operation
Concerning full-duplex operation, 38.211 supports switching gap between Tx and Rx:
	A UE not capable of full-duplex communication and not supporting simultaneous transmission and reception as defined by parameter simultaneousRxTxInterBandENDC, simultaneousRxTxInterBandCA or simultaneousRxTxSUL [10, TS 38.306] among all cells within a group of cells is not expected to transmit in the uplink in one cell within the group of cells earlier than  after the end of the last received downlink symbol in the same or different cell within the group of cells where  is given by Table 4.3.2-3. 
A UE not capable of full-duplex communication and not supporting simultaneous transmission and reception as defined by parameter simultaneousRxTxInterBandENDC, simultaneousRxTxInterBandCA or simultaneousRxTxSUL [10, TS 38.306] among all cells within a group of cells is not expected to receive in the downlink in one cell within the group of cells earlier than  after the end of the last transmitted uplink symbol in the same or different cell within the group of cells where  is given by Table 4.3.2-3. 



Since RedCap UEs support Type-A HD-FDD, the above can be extended to support RedCap UEs with minimal specification effort. Another potential issue that may arise is collision between DL reception and UL transmission at the UE, which can be handled by the gNB scheduler and proper configuration.


Conclusion
This contribution has discussed several complexity reduction features for Reduced Capability UEs. Based on the discussion, we propose the following:
Proposal 1: Dedicated CORESET#0, initial DL BWP, and initial UL BWP are considered for RedCap UEs.
Proposal 2: Consider solutions for the case where the frequency span of the PRACH occasions is larger than maximum RedCap UE BW.
Proposal 3: Consider solutions for the case where the frequency span of PUCCH and PUSCH during initial access is larger than maximum RedCap UE BW
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