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[bookmark: _Ref521334010]Introduction
In RAN#90e, a new Rel-17 WI on support of reduced capability NR devices, i.e. RedCap, was approved [1]. The RAN1 leading features to be specified are listed 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.)


Note that some potential complexity reduction features, i.e. optional support of 40MHz after initial access and number of Rx branches in legacy 4 Rx (other than 2-Rx vehicular UE) bands, are to be determined in RAN#91e. In this contribution, we discuss the specification impacts of the certain complexity reduction features. Our views on the potential complexity reduction features are provided in our companion paper [2].

Discussion
[bookmark: _Ref52270350]Reduced maximum UE bandwidth
As proposed in TR 38.875 [3] and confirmed in the WID, the maximum RedCap UE bandwidth during initial access is 20 MHz in FR1 and 100 MHz in FR2. With these maximum UE bandwidths, the RedCap UEs in FR1 have full compatibility with all configurations of SSB and CORESET#0 during initial access. For FR2, the RedCap UEs have good compatibility with SSB and CORESET#0 using pattern 1, while some of the SSB&CORESET#0 configurations using other patterns may not be well supported [4]. Though this may lead to configuration limitation in FR2, such case is manageable and up to gNB decision.
It is the common understanding that the L1 change should be minimized for supporting RedCap UE. We suggest that RedCap UEs shall reuse the legacy SSB, CORESET#0 and DL initial BWP, at least during initial access phase. No new SSB, CORESET#0 or DL initial BWP is introduced for RedCap UE during initial access in Rel-17.
Proposal 1: In both FR1 and FR2, RedCap UEs reuse the legacy SSB, CORESET#0 and DL initial BWP at least during initial access. 
· No new SSB, CORESET#0 or DL initial BWP is introduced during initial access in Rel-17.
For the UL case, however, current NR specification does not limit the bandwidth of UL initial BWP. It is possible for the gNB to configure the UL initial BWP larger than 20 MHz in FR1 or 100 MHz in FR2. If the bandwidth of the legacy UL initial BWP is smaller or equal to the maximum RedCap UE bandwidth, there is no problem for the RedCap UEs to reuse the legacy UL initial BWP. But if the bandwidth of the legacy UL initial BWP is wider than the maximum RedCap UE bandwidth, RedCap UE may have trouble in transmission of UL channels, like Msg3 or PUCCH. 
Possible solutions include:
· Scheme 1: Introducing a RedCap-specific UL initial BWP at least for the case when the bandwidth of legacy UL initial BWP is larger than the maximum RedCap UE bandwidth. It is natural that the RedCap-specific UL initial BWP is within 20 MHz in FR1 and within 100 MHz in FR2.
· Scheme 2: RedCap UEs still use legacy UL initial BWP. However, restrictions should be put in UL transmissions that will not require the RedCap UE to have larger bandwidth than 20 MHz in FR1 and 100 MHz in FR2.
[image: ]
[bookmark: _Ref61251254]Figure 1 Scheme 1 and Scheme 2 in different bands.
Figure 1 illustrates the thoughts of Scheme 1 and Scheme 2 in TDD and FDD bands, respectively. Note that, different schemes may lead to different designs in several aspects, e.g. support of UE early identification. We suggest studying how to tackle the issue if legacy UL initial BWP is larger than the maximum RedCap UE bandwidth.
Proposal 2: Study how to tackle the issue if legacy UL initial BWP is larger than the maximum RedCap UE bandwidth.

Reduced minimum number of Rx branches
Reduction of the minimum number of Rx branches is one of the key cost reduction features, which has drawn companies’ great attention throughout the SI phase and RAN#90e, and is still going to be discussed in RAN#91e. In general, reduction of minimum number of Rx branches has direct impact on DL coverage, and indirect impacts on DL peak data rate. 
Nevertheless, obtained from the SI outcome, even if the number of Rx branches is reduced, coverage of DL channels is still not the bottleneck, due to the huge power gap between gNB and the UE. Thus there is no need to put specification effort on DL coverage compensation. On the other hand, reduction of DL peak data rate is a direct result of reduction of DL MIMO layers (which will be further discussed in Section 2.3), rather than the number of Rx branches. 
In short, we can observe that reduction of minimum number of Rx branches has no impact on RAN1 specification. It may have RAN4 specification impact, but should be determined after RAN#91e.
Observation 1: Reduction of minimum number of Rx branches has no impact on RAN1 specification.

[bookmark: _Ref60748522]Reduced maximum number of DL MIMO layers
Due to the reduced number of Rx branches, the maximum number of DL MIMO layers is also decreased. In our view, reduced DL MIMO layers may have impact on antenna port indication. To be specific, a RedCap UE is not expected to be indicated with larger number of DL MIMO layers than 1 or 2, depending on its number of Rx branches. Also, since current NR does not support 2 TBs transmission when the layer number is no larger than 4, it seems that the RedCap UE is not going to support 2 TBs transmission by natural. 
Observation 2: Reduced maximum number of DL MIMO layers may have impact on antenna port indication.

Relaxed maximum modulation order
By Rel-16, several MCS tables have already been specified, i.e. Table 5.1.3.1-1/2/3 and Table 6.1.4.1-1/2 in [5]. Among them, the highest modulation order is 64QAM, except for Table 5.1.3.1-2 with 256QAM at most. Since the only difference between RedCap UE and normal NR UE on modulation order is whether 256QAM is mandatory or optional in FR1, we think the current MCS tables (Table 5.1.3.1-1/2/3 and Table 6.1.4.1-1/2 in TS 38.214) can be reused by RedCap UE. Note that, even though 256QAM is mandatory for normal NR UE, whether Table 5.1.3.1-2 (256QAM) is applied to the UE still depends on network configuration. It can be expected that the network is capable to configure a suitable MCS table for the RedCap UE according its capability. There is no need to introduce new MCS table.
Proposal 3: Reuse current MCS tables for RedCap UEs.
· The MCS tables include Table 5.1.3.1-1/2/3 and Table 6.1.4.1-1/2 in TS 38.214.
· No new MCS table is going to be introduced.
Similarly, CQI tables have been specified in Table 5.2.2.1-2/3/4 in [5]. They can also be reused for RedCap UE, and no need to introduce new CQI table.
Proposal 4: Reuse current CQI tables for RedCap UEs.
· The CQI tables include Table 5.2.2.1-2/3/4 in TS 38.214.
· No new CQI table is going to be introduced.

Support of HD-FDD type A
In Rel-16 TS 38.211, UE behaviour and related switching time for a UE not capable of full-duplex communication have already been specified, as copied below [6]:
	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





Note that  where  Hz and. In our view, the above UE behaviour and the switching time is a good reference for RedCap UE to support HD-FDD type A, which can be taken as the starting point. If the switching time in Table 4.3.2-3 in TS 38.211 is inappropriate for RedCap UE, RAN1 may ask RAN4 the detailed switching time that suitable for RedCap UE. 
Also, since minimum specification impact is targeted, there is no need to introduce new RAN1 behaviour other than the above ones.
Proposal 5: Take the behaviour for a UE incapable of full-duplex communication and related switching time specified in Table 4.3.2-3 in Rel-16 TS 38.211 as the starting point for RedCap UE to support HD-FDD type A.
· No other RAN1 specification impact is expected.
Conclusion
In this contribution, we provide our view on UE complexity reduction features. The observations and proposals are summarized as follows:
Observation 1: Reduction of minimum number of Rx branches has no impact on RAN1 specification.
Observation 2: Reduced maximum number of DL MIMO layers may have impact on antenna port indication.
Proposal 1: In both FR1 and FR2, RedCap UEs reuse the legacy SSB, CORESET#0 and DL initial BWP at least during initial access. 
· No new SSB, CORESET#0 or DL initial BWP is introduced during initial access in Rel-17.
Proposal 2: Study how to tackle the issue if legacy UL initial BWP is larger than the maximum RedCap UE bandwidth.
Proposal 3: Reuse current MCS tables for RedCap UEs.
· The MCS tables include Table 5.1.3.1-1/2/3 and Table 6.1.4.1-1/2 in TS 38.214.
· No new MCS table is going to be introduced.
Proposal 4: Reuse current CQI tables for RedCap UEs.
· The CQI tables include Table 5.2.2.1-2/3/4 in TS 38.214.
· No new CQI table is going to be introduced.
Proposal 5: Take the behaviour for a UE incapable of full-duplex communication and related switching time specified in Table 4.3.2-3 in Rel-16 TS 38.211 as the starting point for RedCap UE to support HD-FDD type A.
· No other RAN1 specification impact is expected.
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