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1 Introduction
The WID was revised in [1], the objective of further reduced UE complexity in the WI is listed below:
Complexity/cost reduction

· Further reduced UE complexity in FR1 [RAN1, RAN2, RAN4]

· UE BB bandwidth reduction

· 5 MHz BB bandwidth only for PDSCH (for both unicast and broadcast) and PUSCH, with 20 MHz RF bandwidth for UL and DL

· The other physical channels and signals are still allowed to use a BWP up to the 20 MHz maximum UE RF+BB bandwidth.

· Support additional separate early indication(s) [RAN1, RAN2]

· UE peak data rate reduction

· Relaxation of the constraint (vLayers·Qm·f ≥ 4) for peak data rate reduction

· The relaxed constraint is, e.g., 1 (instead of 4).

· The parameters (vLayers, Qm, f) can be as in Rel-17 RedCap.

· Both 15 kHz SCS and 30 kHz SCS are supported.

· Aim to define at most one Rel-18 RedCap UE type for further UE complexity reduction.

· The existing UE capability framework is used, and changes to capability signalling are specified only if necessary. By default, all UE capabilities applicable to a Rel-17 RedCap UE are applicable unless otherwise specified.

Notes:

· The work defined as part of this WI is not to overlap with LPWA use cases.

· Coexistence with non-RedCap UEs and Rel-17 RedCap UEs should be ensured.

· This WI considers all applicable duplex modes unless otherwise specified.

In the RAN#99 meeting, it was endorsed in [5] that:
Rel-18 eRedCap UE capable of 20MHz + PR1 and Rel-18 eRedCap UE capable of BW3/PR3 + PR1 are designed/targeted to same peak data rate, i.e., 10Mbps

Note 1: Peak data rate of "Rel-18 eRedCap: UE capable of 20MHz + PR1" and "Rel-18 eRedCap: UE capable of BW3/PR3 + PR1" is same including unicast and broadcast respectively.

Note 2: PRB processing capability of "Rel-18 eRedCap: UE capable of 20MHz + PR1" is not limited to "25 PRBs for 15 kHz SCS and 12 PRBs for 30 kHz SCS" and it corresponds to PRB size corresponding to 20 MHz.

Note 3: The only difference between "Rel-18 eRedCap: UE capable of 20MHz + PR1" and "Rel-18 eRedCap: UE capable of BW3/PR3 + PR1" is Note 2 and vLayers·Qm·f   in order to have the same peak rate.

Note 4: The initial access procedure of Rel-18 eRedCap UE capable of 20MHz + PR1 is realized by following:

· Same as Rel-18 eRedCap UE capable of BW3/PR3 + PR1

Two types of R18 eRedCap UE will be introduced to reduce reduced UE complexity. In this paper, the complexity/cost reduction solutions and impact on RAN2 is discussed.
2 Discussion
In the WI for UE BB bandwidth reduction, 5 MHz BB bandwidth for PDSCH and PUSCH is introduced while other physical channels and signals are still allowed to use a BWP up to the 20 MHz maximum UE RF+BB bandwidth. Compared with Rel-17 RedCap UE, only the PDSCH and PUSCH bandwidth are reduced. Then whether Rel-18 RedCap UE can share the same separate initial BWP was discussed in RAN1. Some agreements were made [2][3]:
Agreement:
For a cell supporting both Rel-17 and Rel-18 RedCap UEs,

· The Rel-18 RedCap UEs can share the same separate initial DL/UL BWP as the Rel-17 RedCap UEs.
· Up to one separate (RedCap-specific) initial DL/UL BWP can be configured.
For the additional separate initial DL/UL BWP specific to Rel-18 RedCap UEs, we don’t see strong need to introduce it. As the Rel-18 RedCap UE can use a BWP up to the 20 MHz maximum bandwidth except PDSCH and PUSCH, then the Rel-17 separate initial BWP can still be shared. When Rel-18 RedCap UE initiates random access procedure on the separate initial BWP shared with Rel-17 UE, the gNB can limit the data channel allocation to 5 MHz by receiving early indication. The shared separate initial BWP will simplify the BWP partition in a cell.
An additional separate initial DL/UL BWP specific to Rel-18 RedCap UEs may be helpful to the offloading of random access. However, random access congestion may not be a serious problem, since RedCap's latency requirements are not that strict. Supporting an additional separate initial DL/UL BWP will increase the complexity of spec and UE behaviour, e.g., new IE and initial BWP determinations in difference cases. Then we have the following proposal.
Proposal 1: For a cell supporting Rel-17 and/or Rel-18 RedCap UEs, up to one separate (RedCap-specific) initial DL/UL BWP can be configured.
Based on the analysis above, early indication for Rel-18 RedCap UE is necessary. Also in the WI: Support additional separate early indication(s) is included. In Rel-17, Msg1 and Msg3 (including MsgA) based early indication are introduced. The early indication solutions were discussed in last meeting [6] and some agreements were made:

· Introduce Msg3/MsgA PUSCH based early indication for Rel-18 eRedCap. FFS how to implement this in the spec (e.g., new LCIDs or not).

· We will wait for RAN1 progress to see if there is a need for a Msg1 early indication for eRedCap.

Msg3/MsgA PUSCH based early indication was agreed, while Msg1 was not. In the random access procedure, the gNB has to learn that the UE is Rel-18 RedCap UE before schedule Msg2 and Msg3. In order to increase the random access efficiency (for R18 RedCap) and avoid unnecessary scheduling restriction (for legacy UE), Msg1 based separate early indication is necessary. 
Considering the RACH partition problem and complexity for Msg1 based early indication, some further enhancements can be studied. Rel-17 and Rel-18 RedCap UEs can share the same RACH resource for Msg1 early indication and Msg2/Msg3 shall be limited within 5MHz for all RedCap UEs separately from other UEs. After receiving different Msg3 early indication, the gNB will properly schedule Msg4. For 2-step RACH, same solution can be used in MsgA and MsgB will be properly scheduled.

Proposal 2: Both Msg1 and Msg3 based separate early identifications are supported.
In Rel-17, some cell access restriction solutions are introduced for Rel-17 RedCap UE, e.g. cell barring, IFRI (intraFreqReselectionRedCap) and so on. Similar issue may need to be discussed for Rel-18 RedCap, for example, specify a system information indication to indicate whether a Rel-18 RedCap UE can camp on the cell or not.
It was agreed in last RAN2 meeting: 

· The NR MIB “cellBarred” bit applies to all UEs (Normal UEs, Redcap UEs and eRedcap UEs).
If the cell is not barred through the MIB indication, the Rel-18 RedCap UE shall further check the eRedCap bar indication in the SIB.
In the TS 38.331[4]:

Upon receiving the SIB1 the UE shall:
1>
store the acquired SIB1;

1>
if the UE is a RedCap UE and it is in RRC_IDLE or in RRC_INACTIVE, or if the RedCap UE is in RRC_CONNECTED while T311 is running:

2>
if intraFreqReselectionRedCap is not present in SIB1:

3>
consider the cell as barred in accordance with TS 38.304 [20];

3>
perform barring as if intraFreqReselectionRedCap is set to allowed;

2> else:

3>
if the cellBarredRedCap1Rx is present in the acquired SIB1 and is set to barred and the UE is equipped with 1 Rx branch; or

3>
if the cellBarredRedCap2Rx is present in the acquired SIB1 and is set to barred and the UE is equipped with 2 Rx branches; or

3>
if the halfDuplexRedCapAllowed is not present in the acquired SIB1 and the UE supports only half-duplex FDD operation:
4>
consider the cell as barred in accordance with TS 38.304 [20];

4>
perform barring based on intraFreqReselectionRedCap as specified in TS 38.304 [20];

In Rel17, if the IFRI for RedCap is not present in SIB1 of the cell, the RedCap UE will consider the cell as barred. Similar in Rel18, the IFRI-like indication can be used to restrict the Rel-18 RedCap UE access the cell. Since no further classification for Rel-18 RedCap UE, there is no need to introduce cell barring indication. So it is proposed,
Proposal 3: Introduce an indication in SIB1 to control whether Rel-18 RedCap UE can access this cell or not, for example, IFRI-like indication.
As agreed in [5], two types of R18 eRedCap UE: 20MHz + PR1 and BW3/PR3 + PR1 are designed to same peak data rate, i.e., 10Mbps. The two types of eRedCap UE will have some impact and restriction on network scheduling, e.g. BB bandwidth and data rate. So separate indications are needed to restrict the eRedCap UE access. Similar to R17, if IFRI-like indication is present, the eRedCap UE shall further check whether the cell is barred for 20MHz + PR1 and BW3/PR3 + PR1. For 1Rx and 2Rx eRedCap UE, the “Cellbarred” indications for 1Rx and 2Rx in R17 can be reused.
Proposal 4: Introduce separate “Cellbarred” indications for BW3/PR3+PR1 and 20MHz+PR1 eRedCap UEs, and reuse the R17 “Cellbarred” indications for 1Rx, 2Rx and half-duplex FDD eRedCap UEs.
3 Conclusion

Based on the analyses above, we have the following proposals for further reduced UE complexity in FR1:
Proposal 1: For a cell supporting Rel-17 and/or Rel-18 RedCap UEs, up to one separate (RedCap-specific) initial DL/UL BWP can be configured.

Proposal 2: Both Msg1 and Msg3 based separate early identifications are supported.

Proposal 3: Introduce an indication in SIB1 to control whether Rel-18 RedCap UE can access this cell or not, for example, IFRI-like indication.
Proposal 4: Introduce separate “Cellbarred” indications for BW3/PR3+PR1 and 20MHz+PR1 eRedCap UEs, and reuse the R17 “Cellbarred” indications for 1Rx, 2Rx and half-duplex FDD eRedCap UEs.
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