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Introduction
[bookmark: _Hlk53783455]In RAN#97 meeting, a new WID on enhanced support of reduced capability NR devices was agreed [1]. The objectives regarding UE complexity reduction are listed below, 
	· [bookmark: _Hlk101868156]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.
· 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#98-e regarding:
· Whether UE peak data rate reduction for UE is limited only with UE BB bandwidth reduction or standalone
· Whether or not/how a separate early indication can be supported
· Other restrictions of the WI (e.g., connectivity restrictions, band, etc.)


In this contribution, we discuss details on UE complexity reduction and early indication for Rel.18 RedCap. 
Discussion 
UE bandwidth reduction
As agreed, Rel.18 RedCap UEs support 5MHz BB bandwidth only for PDSCH (for both unicast and broadcast) and PUSCH, with 20MHz RF bandwidth for UL and DL. Other physical channels and signals are still allowed to use a BWP up to 20MHz maximum UE RF + BB bandwidth. This definition is exactly aligned with option BW3, which was provided in RAN1#108e, among other options for UE complexity reduction [2]. Based on the discussions and evaluations of these options in RAN1, it was a common understanding that this option BW3 allows resource allocation for PDSCH (for both unicast and broadcast) and PUSCH within a set of RBs (i.e., 11/25 contiguous RBs for 15kHz/30kHz SCS) in only 5MHz. Another option PR3 has been provided and always been compared with BW3. It supports same max. number of RBs for PDSCH and PUSCH as option BW3, but these RB can be frequency non-contiguous and spread in 20MHz BW. 
Given the above background, we think Rel.18 RedCap UEs shall exactly follow the assumptions for option BW3, that the PDSCH (for both unicast and broadcast) and PUSCH are processed in the scheduled RBs within 5MHz BW. However, from gNB point of view, the channels especially the broadcast channels can be transmitted outside 5MHz.
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Figure 1  5MHz BW for PDSCH scheduling in 20MHz BWP
Proposal 1: From Rel.18 RedCap UE point of view, the PDSCH (for both unicast and broadcast) and PUSCH are processed in the scheduled RBs within 5MHz BW.
For processing PDSCH/PUSCH, the location of the 5MHz BW in a 20MHz BWP may need to be known by the UE. As an option 1, the location is predefined within 20MHz BWP or is indicated to the UE by an RRC signalling; As an option 2, the location is dynamically indicated in the scheduling DCI; As an option 3, the location is not explicitly indicated, and it is based on gNB implementation to schedule PDSCH and PUSCH occupying resources within 5MHz BW. Comparatively, option 2 and option 3 have more scheduling flexibility than option 1, but they require UE to buffer all the signals in the 20MHz BW if PDCCH decoding is not fast enough. Option 1 has less scheduling flexibility, but the UE can buffer only 5MHz data since the UE knows the location before PDCCH processing. Therefore, option 1 has less UE complexity/cost than option 2 and option 3, and is more preferred.
Proposal 2: The location of the 5MHz BW (for PDSCH and PUSCH scheduling) within 20MHz is predefined or configured to UE through RRC signalling.
Another point that may need clarification is the meaning of “a BWP” in the definition “the other physical channels and signals are still allowed to use a BWP up to the 20 MHz maximum UE RF+BB bandwidth”, whether same BWP or different BWPs is assumed when receiving PDSCH and when receiving other channels/signals. In our view, it is not expected that they use different BWPs since this needs unnecessary BWP switching. Similarly, same BWP is also assumed when transmitting PUSCH and transmitting other channels/signals.
Proposal 3: Same BWP is assumed when receiving PDSCH and receiving other channels/signals; Same BWP is assumed when transmitting PUSCH and transmitting other channels/signals.
UE peak data rate reduction
For UE peak data rate reduction, one issue is whether UE peak data rate reduction for UE is limited only with UE BB bandwidth reduction or standalone. Our view is that it should be an add-on solution to the bandwidth reduction. This aligns with the objective of “aim to define at most one Rel-18 RedCap UE type for further UE complexity reduction”. Otherwise, there is risk to define more than 1 UE types for Rel.18 RedCap. 
Proposal 4: The UE peak data reduction is an add-on solution to the bandwidth reduction. 
Early identification
With the introduction of Rel.18 RedCap UEs, there might be multiple scenarios on the coexistence of different UEs, e.g., Rel.17 RedCap UEs and  Rel.18 RedCap UEs consistence in the same cell with the legacy UEs, or only Rel.18 RedCap UEs are in a same cell with the legacy UEs. If gNB can identify the Rel.18 RedCap UEs early, it can schedule the DL/UL transmission within 5MHz BW during random access, otherwise, the scheduled BW might be larger than 5MHz, which causes resource wastage. From this point of view, early indication of Rel.18 RedCap UEs is preferred. 
Similar with Rel.17 RedCap UEs identification, early identification through Msg1 can be optionally configured for Rel.18 RedCap UEs. Then depending on the configurations, Rel.18 RedCap UEs will perform following for performing random access,
· If early identification through Msg1 is configured for Rel.18 RedCap UEs, Rel.18 RedCap UEs will use the configured preambles for Rel.18 RedCap UEs for random access.
· [bookmark: _Hlk115186125]If early identification through Msg1 is not configured for Rel.18 RedCap UEs, while early identification is configured for Rel.17 RedCap UEs, Rel.18 RedCap UEs will use the configured preambles for Rel.17 RedCap UEs for random access.
· If early identification through Msg1 is not configured for both Rel.18 and Rel.17 RedCap UEs, Rel.18 RedCap UEs will use the preambles for legacy UEs.
Proposal 5: Early identification for Rel.18 RedCap UEs is supported. 
 
Conclusion
In summary, we have following proposals for UE complexity reduction for Rel-18 RedCap:
Proposal 1: From Rel.18 RedCap UE point of view, the PDSCH (for both unicast and broadcast) and PUSCH are processed in the scheduled RBs within 5MHz BW.
Proposal 2: The location of the 5MHz BW (for PDSCH and PUSCH scheduling) within 20MHz is predefined or configured to UE through RRC signalling.
Proposal 3: Same BWP is assumed when receiving PDSCH and receiving other channels/signals; Same BWP is assumed when transmitting PUSCH and transmitting other channels/signals.
Proposal 4: The UE peak data reduction is an add-on solution to the bandwidth reduction. 
Proposal 5: Early identification for Rel.18 RedCap UEs is supported. 
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