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Introduction
[bookmark: OLE_LINK23][bookmark: OLE_LINK24][bookmark: OLE_LINK25]In RAN#90e e-meeting, a new work item[1] on reduced complexity UE was approved. The intention with this WI is to specify a UE feature and parameter list with lower end capabilities, relative to Release 16 eMBB and URLLC NR to serve the three use cases i.e. industrial wireless sensors, video surveillance and wearables. In this document, some remaining issues on redcap UEs are discussed.
[bookmark: _GoBack]Discussions
2.1 Early identification
According to the WID [1], the maximum bandwidths supported by RedCap UEs during and after initial access are 20 MHz and 100 MHz, for FR1 and FR2, respectively. In the two cases, the maximum bandwidths of the RedCap UEs can always be capable of accommodating CORESET#0. Therefore, legacy SIB1 designed for the legacy UEs can be shared with the RedCap UEs when they coexist, in order to minimize the speciation impact. Considering different priorities, capabilities and other aspects, early identification of RedCap is needed, in order to separately and more efficiently schedule the transmission resources by the gNB. Among the proposed options in TR 38.875 [2], RedCap UE indication provided in Msg1 transmission or in Msg3 transmission can be considered.
Observation 1: For RedCap UEs supporting a maximum bandwidth of 20MHz in FR1, or a maximum bandwidth of 100MHz in FR2, early identification of RedCap UE can be provided in Msg1 transmission or in Msg3 transmission.
Regarding Msg1 transmission, several schemes for UE type identification are proposed [2], i.e., via separate initial UL BWP, separate PRACH resource, or PRACH preamble partitioning. 
[bookmark: BWP_UplinkCommon]First, the gNB can assign separate initial UL BWP(s) for RedCap UEs. The initial UL BWP(s) specifically assigned to RedCap UEs can be confined within the legacy initial UL BWPs, or independent with the legacy UL initial BWPs. For legacy UEs, the configuration of initial UL BWPs can be determined by BWP-UplinkCommon in SIB1. To support the coexistence with RedCap UEs, specific information elements (IEs) are expected to be introduced in SIB1 to configure the initial UL BWP(s) for RedCap UEs.
The PRACH resources can be referred to as the RACH occasions (ROs) in frequency and/or time domains. A legacy UE will select an SSB, based on the reference signal received power (RSRP) values and the SSB selection threshold, before transmitting a preamble (in Msg1) at the RO associated with the selected SSB. The configuration of ROs, including the associations with SSBs, are indicated by RACH-ConfigCommon in SIB1 from the gNB. To identify the UE type, specific ROs can be assigned for RedCap UEs. The separation of ROs can be in time domain or frequency domain, where the format can be determined by the newly introduced SIB1 IEs.
The idea of preamble partitioning has already been introduced for legacy UEs as described in specifications [3][4], where the total 64 preambles assigned to each RO are separated into three parts, i.e., the CBRA group A, CBRA group B and CFRA. Parameters related to the preamble separation and assignment are indicated by RACH-ConfigCommon, which can be configured by SIB1 from the gNB. In the case the RedCap UEs do not have separated initial UL BWP(s) or PRACH resources, they can be identified by further preamble partitioning. For example, as shown in Fig.1, the preamble index range associated with each SSB can be further divided to separate the legacy UEs and RedCap UEs. 
[image: ]
Fig.1 Preamble partitioning for RedCap UE identification.
The portion of preambles assigned to RedCap UEs should depend on the ratio of RedCap UEs camped on the cell. Configurations related to the preamble partitioning described above can be realized by introducing new SIB1 IEs.
[bookmark: _Hlk61532025]Proposal 1: Introduce specific IEs in SIB1 for early identification of RedCap UEs.
Moreover, due to the reduced Rx antenna branches of RedCap UEs, additional compensations for coverage recovery are under consideration. RedCap UEs may apply techniques as proposed in Rel-17 coverage enhancement WID [5]. For coverage enhanced (CE) UEs, it has been proposed [6] to use separated preamble index groups to identify legacy UEs and CE model UEs during Msg1 transmission. The CE levels can be associated with different preamble index groups, based on the RSRP value and the configured thresholds. If CE mode is enabled for RedCap UEs, one of the options is to perform RedCap identification by Msg1, together with CE level indication. Alternatively, the RedCap UE identification can be provided in Msg3, which is separate with CE level indication.
Proposal 2: Study whether Redcap UE indication is provided in Msg1 together with CE level indication or separately in Msg3 or later.
2.2 On coverage recovery
Some features introduced for complexity reduction may have negative impacts on the coverage of redcap UEs. In the WID, the configuration on the minimum number of Rx branches for redcap UEs has not been gotten consensus.
	· 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.



As stated in reference spec[7], the UE is required to be equipped with a minimum of two Rx antenna ports in all operating bands except for the bands n7, n38, n41, n77, n78, n79 where the UE is required to be equipped with a minimum of four Rx antenna ports. 
Table 1: NR operating bands in FR1
	NR operating band
	Uplink (UL) operating band
BS receive / UE transmit
FUL_low   –  FUL_high

	Downlink (DL) operating band
BS transmit / UE receive
FDL_low   –  FDL_high
	Duplex Mode

	n7
	2500 MHz – 2570 MHz
	2620 MHz – 2690 MHz
	FDD

	n38
	2570 MHz – 2620 MHz
	2570 MHz – 2620 MHz
	TDD

	n41
	2496 MHz – 2690 MHz
	2496 MHz – 2690 MHz
	TDD

	n77
	3300 MHz – 4200 MHz
	3300 MHz – 4200 MHz
	TDD

	n78
	3300 MHz – 3800 MHz
	3300 MHz – 3800 MHz
	TDD

	n79
	4400 MHz – 5000 MHz
	4400 MHz – 5000 MHz
	TDD




On the other hand, there are agreements on FR1 coverage recovery in the RAN1-103e meeting[8]:
	Agreements:
· Capture the following observations for FR1 coverage recovery to the TR 38.875
· 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
· 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


From the agreements, the DL channels need some compensation in the only scenario with a gNB working on a carrier frequency of 4 GHz with DL PSD 24 dBm/MHz and UEs with 1 Rx branch. Compared with the WID, it means for most frequency bands where a legacy NR UE is required to be equipped with a minimum of 2 Rx antenna ports, coverage recovery for DL channels is not needed. For those bands with a minimum of 4Rx branches for legacy UEs and around 4GHz (i.e. n77, n78, n79), the requirements of DL channel’s compensation depend on whether the minimum of 1RX for redcap UE is supported.
Observation 2: Whether the DL channel compensations are needed depends on the minimum RX branches for redcap UE for some scenarios.
According to the evaluation for coverage recovery, the assumptions of 1% BLER for control channel and 10% BLER for data channel are used to compare the MIL between legacy UEs and redcap UEs, and about 1 dB for PDCCH CSS,2-3 dB for Msg4 and 5-6 dB for Msg2 are need respectively for some scenarios. It may not match the requirements of industrial wireless sensors which need a communication service availability of 99.99%. For wireless sensors, the gap will greater than current values for the uplink gap is not changed with the same small antenna factor and the downlink gap will greater for the BLER curve will be more divergent on 0.1% point.
Observation 3: For wireless sensors, greater compensations may be needed for DL channels
For FR2, there are agreements in the RAN1-103e meeting[8]:
	Agreements:
· Capture the following observations for FR2 coverage recovery to the TR 38.875
· For FR2, there is no assumption of reduced antenna efficiency for RedCap UE and the MIL of the UL channels is the same as the reference NR UE and coverage recovery for UL channels is not needed. 
· [For RedCap UE with 100 MHz BW and 1Rx, although there is performance loss from reducing the number of Rx branches to 1, the MIL(s) of all the DL channels is better that that of the bottleneck channel for the reference NR UE and coverage recovery for DL channels is not needed. ]
· For RedCap UE with 50MHz BW and 1Rx, coverage recovery may be needed for PDSCH when the same target data rate as the reference NR UE is assumed, and the amount of coverage recovery to be considered is approximately [2-3 dB]
· The tradeoff between data rate and coverage can be considered and the amount of coverage recovery may depend on this choice.
· The determination of which channels require coverage recovery and the amount of coverage recovery depend on the choice of the target for coverage recovery
· E.g. coverage recovery may not be needed for FR2 indoor scenario when the target is based on an MPL value from a target ISD of 20m
· E.g. a large amount of coverage recovery may be needed for the initial access channels if the target is to achieve the same coverage for the initial access channels between RedCap UE and the reference NR UE


As the option of maximum bandwidth with 50MHz has been excluded, there are no channel compensation requirements for an FR2 RedCap UE.
Proposal 3: Coverage recovery for DL channels should be considered for redcap UEs in FR1. 
For the Uplink channel on FR1 bands, the main loss is up to 3dB for the small antenna form factor, so some simple or fixed compensation of 3dB could be applied to reduce the complexity of redcap UE.
Proposal 4: Semi-static compensation for uplink could be considered for redcap UEs in FR1.
Conclusion
In this contribution, we have the following observations and proposals:
Observation 1: For RedCap UEs supporting a maximum bandwidth of 20MHz in FR1, or a maximum bandwidth of 100MHz in FR2, early identification of RedCap UE can be provided in Msg1 transmission or in Msg3 transmission.
Observation 2: Whether the DL channel compensations are needed depends on the minimum RX branches for redcap UE for some scenarios.
Observation 3: For wireless sensors, greater compensations may be needed for DL channels.
Proposal 1: Introduce specific IEs in SIB1 for early identification of RedCap UEs.
Proposal 2: Study whether Redcap UE indication is provided in Msg1 together with CE level indication or separately in Msg3 or later.
Proposal 3: Coverage recovery for DL channels should be considered for redcap UEs in FR1. 
Proposal 4: Semi-static compensation for uplink could be considered for redcap UEs in FR1.
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