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Introduction 
Work item for Enhanced support of reduced capability NR devices have been agreed in [1]. In this contribution we discuss the UE RF specification impacts based on the work item objectives as well as agreements reached in RAN1.


Discussion

Work item objectives from [1] are reproduced below.Power saving/energy efficiency enhancements
· Enhanced eDRX in RRC_INACTIVE (>10.24s) [RAN2, RAN3, RAN4]
· Note that this objective requires SA2, CT1 and CT4 involvement
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.
Check in RAN#99 regarding:
· Whether UE peak data rate reduction for UE is limited only with UE BB bandwidth reduction or standalone




Relevant agreements from RAN1 [2] are summarized below


Agreement:
From RAN1 perspective, for UE BB complexity reduction, for paging channel (PDSCH) to Rel-18 RedCap UEs, allow the scheduling of paging channel to be larger than 5 MHz (as in legacy operation). 

Agreement:
For UE BB complexity reduction, a UE is not expected to receive an UL grant in a RAR or in a DCI scrambled with TC-RNTI with a Msg3 PUSCH resource allocation spanning a bandwidth of more than ~5 MHz per slot or per hop, if applicable.

Agreement:
For UE BB bandwidth reduction, a UE is not expected to receive an UL grant in a DCI with a PUSCH resource allocation spanning a bandwidth of more than ~5 MHz per slot or per hop, if applicable.

Agreement:
For UE BB bandwidth reduction, a UE is not expected to be configured with a CG grant with a PUSCH resource allocation spanning a bandwidth of more than ~5 MHz per slot or per hop, if applicable.

Agreement:
For UE BB complexity reduction, a UE is able to receive a DL assignment in a DCI with a unicast PDSCH resource allocation spanning a bandwidth of more than ~5 MHz per slot.
The number of PRB scheduled in DCI is not larger than the maximum number of PRB agreed in previous agreement from 110b-e

Agreement:
For UE BB bandwidth reduction, for PUSCH, down-select between the following options for the maximum number of PRBs that the UE can transmit per slot or per hop, if applicable:
· Option 3: 25 PRBs for 15 kHz SCS and 12 PRBs for 30 kHz SCS
· Option 4: 25 PRBs for 15 kHz SCS and 11 PRBs for 30 kHz SCS
For UE BB bandwidth reduction, for PDSCH (for both unicast and broadcast), down-select between the following options for the maximum number of PRBs that the UE can process per slot:
· Option 3: 25 PRBs for 15 kHz SCS and 12 PRBs for 30 kHz SCS
· Option 4: 25 PRBs for 15 kHz SCS and 11 PRBs for 30 kHz SCS
Same option will be selected for both PDSCH and PUSCH.


It can be seen from the WID objectives and RAN1 agreements reached so far, that there is limited amount specification impact for RF. RF channel bandwidth can extend to 20 MHz similar to Rel-17 RedCap and the main aspect is to capture the baseband bandwidth reduction impacts.
The bandwidth reduction principles are different for UL and DL. For UL transmissions, RAN1 has agreed that the UL resource allocation will not extend to more than ~5 MHz, specifically 25 PRB for 15 kHz SCS and 11 or 12 PRB for 30 kHz SCS. For downlink, there is no similar restriction but the PRBs can be anywhere within the up to 20 MHz RF channel bandwidth while the total number of RBs UE is expected to process is the same as for UL.
Observation 1: Principles for UL and DL baseband bandwidth reduction are different, for UL the PRBs are contiguous and cannot span more than 25 PRB (15 kHz) or 11/12 PRB (30 kHz). For DL there the frequency span is not limited other than maximum channel bandwidth is 20 MHz.
The resulting specification impacts are discussed separately for UL and DL in the following.
For UL, Rel-17 RedCap requirements already cover cases where PUSCH is not fully allocated. For example, MPR requirements cover all start PRBs and allocation lengths. Therefore, Rel-17 RedCap UE requirements can be used as a baseline and impacts are expected to be rather editorial to capture the applicability to Rel-18 eRedCap.
One important aspect to note is that while in RAN1 it is still open whether maximum baseband processing capability for 30 kHz SCS is 11 or 12 PRB, this shall not impact maximum transmission bandwidth configuration for 5 MHz channel bandwidth. Rather, the possibility to extend to 12 PRB would happen only with wider channel bandwidths.
Proposal 1: Starting point for eRedCap UL requirements shall be re-use of existing RedCap RF requirements with transmission bandwidth limited aligned with RAN1 agreements: 25 PRB (15 kHz SCS) or 11/12 PRB (30 kHz SCS).
Proposal 2: Changing the maximum transmission bandwidth configuration for 5MHz / 30 kHz SCS is not in scope of the work.
For DL requirements, Rel-17 RedCap and also face situations in the field where DL signal is not covering the full RF channel. However, the reference channels used for specifying minimum requirements assume fully allocated channel. Some work is needed to select appropriate DL RB allocation for eRedCap requirements. 
If contiguous PRB allocation is used, the requirements can become more stringent than Rel-17 RedCap requirements in case PRBs closest to the interferer are chosen, i.e. when spectral regrowth of the Rx interferer has the strongest impact. This is something that needs to be considered when RF channel bandwidth is wider than 5 MHz. On the other hand, choosing the RBs furthest away might result in too relaxed requirements. These too example cases are illustrated below in Figure 1.
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Figure 1: Example PRB allocations for DL requirements

One potential way to resolve the problem would be to have interlaced or similar non-contiguous RB allocation, helping to average out the difference between PRB positions. However, it is unclear if this kind of scheduling would ever take place in real deployments and therefore this may not be preferable approach. At this point we can conclude that the guiding principle in setting the requirement should in any case be that eRedCap requirements are not made more stringent than Rel-17 RedCap requirements.

Proposal 3: Starting point for eRedCap DL requirements shall be re-use of existing RedCap RF requirements, with wanted signal BW limited aligned with RAN1 agreements: 25 PRB for 15 kHz SCS.
Proposal 4: Blocking requirements of eRedCap UE shall not be more stringent than RedCap or NR UE blocking requirements. This shall be taken into account in wanted signal RB frequency location in blocking test.


Conclusions

In this contribution eRedCap RF specification impact was discussed. Following observations and proposals were made.
Observation 1: Principles for UL and DL baseband bandwidth reduction are different, for UL the PRBs are contiguous and cannot span more than 25 PRB (15 kHz) or 11/12 PRB (30 kHz). For DL there the frequency span is not limited other than maximum channel bandwidth is 20 MHz.
Proposal 1: Starting point for eRedCap UL requirements shall be re-use of existing RedCap RF requirements with transmission bandwidth limited aligned with RAN1 agreements: 25 PRB (15 kHz SCS) or 11/12 PRB (30 kHz SCS).
Proposal 2: Changing the maximum transmission bandwidth configuration for 5MHz / 30 kHz SCS is not in scope of the work.
Proposal 3: Starting point for eRedCap DL requirements shall be re-use of existing RedCap RF requirements, with wanted signal BW limited aligned with RAN1 agreements: 25 PRB for 15 kHz SCS.
Proposal 4: Blocking requirements of eRedCap UE shall not be more stringent than RedCap or NR UE blocking requirements. This shall be taken into account in wanted signal RB frequency location in blocking test.
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