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1 Introduction
In RAN Plenary #97e, a new WID on enhanced support of reduced capability NR devices was approved [1]. And one objective is to specify support for the following enhancement: 

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.
· 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 eRedCap 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.
This contribution discusses clarification on BW3 details, frequency resource assignment, coverage impact, and UE capability report.

2 Discussion
2.1 Clarification on BW3 details
In Rel-18 eRedCap SID stage, three options on bandwidth reduction are proposed, and option BW3 with following description is finally selected for a balance between complexity reduction and specification impact.

· 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.
Although complexity reduction on BW3 is deeply analyzed in study item, some details still need to be clarified. For example, there were some debates on allocation pattern of 25/11 PRBs, i.e., contiguous or non-contiguous across 20MHz. In our understanding, the definition of PR3 is to support non-contiguous PRBs across 20MHz, while BW 3 only supports contiguous PRBs within 5MHz.  In SI phase, contiguous PRBs were assumed for the evaluation of coverage performance. For most of scenarios, 5MHz can provide sufficient frequency diversity gain. Non-contiguous PRBs are not expect to provide much additional performance gain, while the cost reduction is less comparing with BW 3. Therefore, only support 25/11 contiguous PRBs can be considered.

Proposal #1: Only support up to 25/11 PRB contiguous PRBs for PDSCH/PUSCH for 15kHz and 30kHz SCS respectively for eRedcap.
Another aspect needs to be clarified is on post-FFT data buffering. In last RAN1 meeting, one Note “BW3 may have different degrees of impacts on the post-FFT data buffering depending on the scheduling aspects (cross-slot scheduling, etc.)” is agreed to be captured in TR. Actually, the degree of complexity reduction gain on post-FFT data buffering is depending on whether PDSCH frequency location or 5MHz location is known before buffering PDSCH. Assuming that DCI decoding can be finished before buffering PDSCH (e.g., by cross-slot scheduling), or 5 MHz location is predefined/preconfigured within 20MHz BWP, at most 5MHz PDSCH signal is to be buffered for post-FFT data buffering. Thus, the complexity reduction gain can be achieved to maximum. Assuming that DCI decoding cannot be finished before buffering PDSCH, and 5 MHz location is unknown within 20MHz BWP, it is possible to buffer full 20MHz for several OFDM symbols length duration which is assumed for PDCCH decoding. Considering UE needn’t buffer full 20MHz for the total slot length duration, some gain of complexity reduction can still be achieved. 
If PDSCH frequency location needs to be known before buffering PDSCH, same-slot scheduling will be difficult considering PDCCH decoding time. Thus, maybe only cross-slot scheduling can be applied, and scheduling latency will be an issue. If 5MHz location within 20MHz is predefined/preconfigured, there will be no scheduling restriction, both same-slot and cross-slot scheduling can be applied. However, dynamic frequency selective gain across 5MHz cannot be achieved. Based on the above discussion, we can see that the degree of complexity reduction on post-FFT data buffering is depending on frequency resource assignment method.
Moreover, to limit the post-FFT buffer, the BWP bandwidth supported by eRedcap shall be no more than 20MHz as Redcap UE. 
Proposal #2: Study the resource allocation scheme to support post-FFT buffer reduction. 
Proposal #3: The bandwidth of BWP for eRedcap is no more than 20MHz. 
2.2 Frequency resource assignment
For baseband bandwidth reduction, frequency resource assignment is one important aspect with potential specification impact. For broadcast channel, reusing legacy frequency resource assignment is straightforward considering coexistence with legacy UE. For Rel-18 eRedCap UE, it may expect broadcast PDSCH is always scheduled within 5MHz. However, the restriction may impact coverage of broadcast channel, especially for SIB1 PDSCH. If SIB1 PDSCH is scheduled with a bandwidth larger than 5MHz, truncation receiving can be considered, e.g., puncturing the bits transmitted outside 5MHz. And, in addition, UE can try more times of receptions via RF retuning to compensate coverage loss at the sacrifice of latency. For Msg2/Msg4/MsgB, if PDSCH is scheduled with a bandwidth larger than 5MHz, reliability cannot be guaranteed since no many retransmissions during random access procedure. For these broadcast channel, if PDSCH is scheduled with a bandwidth larger than 5MHz, Rel-18 eRedCap UE can consider it as an error scheduling. So, for different broadcast PDSCH, Rel-18 eRedCap UE can take different UE behavior. 

Proposal #4: For broadcast PDSCH, it is straightforward to reuse legacy frequency resource assignment. And, following options can be considered:
· Option.1: broadcast PDSCH is scheduled within 5MHz
· Option.2: broadcast PDSCH can span in 20MHz
· It is up to UE implementation to receive the broadcast PDSCH, e.g., truncation reception and/or via reception of PDSCH with RF retuning

For unicast channel, 5MHz subband based frequency resource assignment can be considered to reduce DCI size. Considering total PRB number of 5MHz subband is less than total PRB number of 20MHz BWP, bit number used for frequency resource assignment can be reduced.  So, a 5MHz subband can be indicated, and frequency resource assignment can be based on the 5MHz subband. One option is to indicate 5MHz subband in DCI. For example, BWP can be divided into multiple 5MHz subbands based on a predefined pattern, and subband index can be indicated in DCI. In this case, same-slot scheduling may impact the degree of complexity reduction on post-FFT data buffering since 5MHz subband location cannot be pre-known. However, one benefit is that scheduling gain can be achieved with dynamically indicating UE to any location within 20MHz bandwidth. 

Another option is to indicate 5MHz subband by RRC. In this case, total bit number on frequency resource assignment can be significantly reduced. And, same-slot scheduling can be supported since 5MHz subband location can be pre-known. However, frequency selective gain across 5MHz bandwidth cannot be achieved. Regarding the two options, further discussion is needed.  

[bookmark: _GoBack]Proposal #5: For unicast PDSCH/PUSCH, frequency resource assignment can be based on 5MHz subband to save DCI overhead. Following options can be considered for 5MHz subband indication:
· Option.1:	5MHz subband is indicated in DCI
· Option.2:	5MHz subband is preconfigured by RRC
2.3 Coverage impact
In Rel-18 eRedCap SID stage, coverage evaluation shows that SIB1 may have some coverage loss [2]. Actually, coverage loss of SIB1 can be compensated by UE implementation. For example, UE can try more times for SIB1 decoding. And, UE can perform RF retuning for receiving different portions of SIB1 for each decoding trial. Moreover, UE can perform soft/selective combining to improve coverage performance, e.g., combining the same portion of SIB1 without RF retuning or combining different portions of SIB1 with RF retuning. Therefore, no further enhancement is needed for coverage loss of SIB1.
 
Proposal #6: No further enhancement SIB1 for eRedcap UE in Rel-18 
2.3 UE capability report 
Considering maximum 5MHz baseband bandwidth is applied for broadcast PDSCH receiving, Msg2/Msg4/MsgB will be impacted. If early indication of Rel-18 eRedCap UE capability in Msg1/MsgA is supported, gNB can schedule separate Msg2/Msg4/MsgB for Rel-18 eRedCap UE and legacy UE. Thus, initial access performance of legacy UE doesn’t be impacted. However, Msg1/MsgA resource grouping may reduce PRACH capacity. Therefore, configuring Msg1/MsgA resource dedicatedly for Rel-18 eRedCap UE can be optional for gNB scheduling flexibility. If Rel-18 eRedCap UE dedicated Msg1/MsgA resource is not configured, using Rel-17 RedCap UE dedicated Msg1/MsgA resource can be considered. If Rel-17 RedCap UE dedicated Msg1/MsgA resource is not configured, Msg1/MsgA resource can be shared with non-RedCap UE. In that case, gNB shouldn’t schedule Msg2/Msg4/MsgB with a bandwidth larger than 5MHz. On the other hand, RAN 2 defined PRACH resource partition for multiple features. Rel-18 eRedcap can be considered as one of the combined features. Details can be discussed in RAN 2.

Proposal #7: From RAN 1 perspective, early indication of Rel-18 eRedCap UE capability can be supported in Msg1/MsgA. Details can be left to RAN 2.

3 Conclusion
This paper discussed clarification on BW3 details, frequency resource assignment, coverage impact, and UE capability report.  
Based on the discussions, we have the following proposals:
Proposal #1: Only support up to 25/11 PRB contiguous PRBs for PDSCH/PUSCH for 15kHz and 30kHz SCS respectively for eRedcap.
Proposal #2: Study the resource allocation scheme to support post-FFT buffer reduction. 
Proposal #3: The bandwidth of BWP for eRedcap is no more than 20MHz. 
Proposal #4: For broadcast PDSCH, it is straightforward to reuse legacy frequency resource assignment. And, following options can be considered:
· Option.1: broadcast PDSCH is scheduled within 5MHz
· Option.2: broadcast PDSCH can span in 20MHz
· It is up to UE implementation to receive the broadcast PDSCH, e.g., truncation reception and/or via reception of PDSCH with RF retuning

Proposal #5: For unicast PDSCH/PUSCH, frequency resource assignment can be based on 5MHz subband to save DCI overhead. Following options can be considered for 5MHz subband indication:
· Option.1:	5MHz subband is indicated in DCI
· Option.2:	5MHz subband is preconfigured by RRC

Proposal #6: No further enhancement SIB1 for eRedcap UE in Rel-18 
Proposal #7: From RAN 1 perspective, early indication of Rel-18 eRedCap UE capability can be supported in Msg1/MsgA. Details can be left to RAN 2.
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