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Introduction
In RAN#97 meeting, a new WID on enhanced support of reduced capability NR devices has been approved as shown as follows [1]. The target use cases include industrial sensors, video surveillance, and wearables, as justified in Rel-17 RedCap. The main goal is to further reduce UE complexity/cost under the framework of Rel-17 RedCap. 
	The objective is to specify support for the following enhancements: 
Power saving/energy efficiency enhancements
· Enhanced eDRX in RRC_INACTIVE (>10.24s) [RAN2, RAN3, RAN4]
· Note that this objective requires SA2 and CT1 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.
· 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, further reduced UE complexity in FR1 is discussed. 

On UE BB bandwidth reduction
This section mainly discusses UE BB bandwidth reduction. As approved in the new WID, 5 MHz BB bandwidth is only applicable for PDSCH for both unicast and broadcast and PUSCH, with 20 MHz RF bandwidth for UL and DL, whereas the other channels and signals are still be allowed to use a BWP up to 20MHz maximum UE RF+BB bandwidth. In our view, the corresponding specification impact is very limited. However, there are still some issues to be discussed and clarified.
· Issue#1: For broadcast and unicast PDSCH, can the scheduled bandwidth exceed 5MHz?
For 5 MHz BB bandwidth for PDSCH, there are two kinds of understanding. The first one is a PDSCH should be scheduled by network within 5 MHz bandwidth. The other one is a PDSCH can be scheduled by network larger than 5MHz bandwidth while a Rel-18 RedCap UE can only receive and/or process 5MHz bandwidth part of the PDSCH.
For unicast PDSCH, the later understanding may cause performance loss and waste of time-frequency resources. We don’t see any benefit to allow the unicast PDSCH scheduled for Rel-18 RedCap UEs exceed 5 MHz BW. It’s better to restrict the maximum scheduled bandwidth of unicast PDSCH for Rel-18 RedCap UEs to 5MHz. So we have the following proposal:
Proposal 1: For Rel-18 RedCap UEs, the scheduled BW of unicast PDSCH does not exceed 5 MHz.
For broadcast PDSCH, the bandwidth of legacy common messages for Rel-15 non-RedCap UEs and Rel-17 RedCap UEs, e.g., SIB1, OSI, paging, Msg2, Msg4, etc, can be up to 20 MHz. To reuse legacy common messages as much as possible, it’s better to allow some of the broadcast PDSCHs for Rel-18 RedCap UEs to exceed 5MHz. Then, another question is how a Rel-18 RedCap receive and/or process a broadcast PDSCH whose scheduled bandwidth exceeds 5 MHz? 
In our view, to reduce the UE cost/complexity, a Rel-18 RedCap UE can only receive and/or process the data within the bandwidth of 5 MHz, and the other part of the PDSCH will be punctured by UE itself. However, as evaluated in SI stage, puncturing will cause large performance loss. In the current networks, the coverage margin is limited for some scenarios, so the coverage loss seems not acceptable for network. Some enhancements should be considered to compensate or reduce the coverage loss.
Observation 1: For Rel-18 RedCap UEs, receiving a PDSCH larger than 5MHz may cause performance loss and some enhancements for broadcast PDSCH needs to be considered.
For the channels which have supported repetition, such as SIB1 and OSI, to compensate the performance loss, one solution is that a Rel-18 RedCap UE can receive or process different 5 MHz BW part of the multiple repeated transmissions and perform soft combing. However, this solution may increase the latency of SIB1 reception. Another solution is introducing separate SIB1/OSI dedicated for Rel-18 RedCap UE which will always not exceed 5MHz. The drawback of this solution is additional time-frequency resource consumption. In our view, both of these two solutions can be considered.
For the channels which haven’t supported repetition, such as paging, Msg2/Msg4, to avoid the performance loss, the BW of these channels had better not exceed 5 MHz. The network can either restrict the legacy messages within 5MHz BW or introduce separate messages dedicated for Rel-18 RedCap UE which will always not exceed 5MHz.
Thus, we have the following proposal:
Proposal 2: For Rel-18 RedCap UEs, the scheduled BW of SIB can be allowed to exceed 5MH, while the scheduled BW of paging, Msg2, Msg4 should not exceed 5MHz.

· Issue#2: For PUSCH, can intra-slot or inter-slot frequency hopping within bandwidth larger than 5 MHz be supported?
In Rel-15/16/17, intra-slot or inter-slot frequency hopping have already been supported for PUSCH, including Msg3 and other unicast PUSCH. So whether or not the Rel-18 RedCap UEs support intra-slot or inter-slot frequency hopping within bandwidth larger than 5MHz for PUSCH should be discussed.
In our view, supporting intra-slot or inter-slot frequency hopping within bandwidth larger than 5MHz for PUSCH will not increase UE’s complexity/cost. On the one hand, for each hop, the BW of the PUSCH don’t exceed 5MHz, and the TB and CW are also determined by RBs within 5MHz. So whether or not perform frequency hopping within bandwidth larger than 5MHz seems not have any negative impact on UE’s complexity/cost. On the other hand, considering the RF bandwidth of Rel-18 RedCap UEs still keep 20 MHz, so RF retuning is not needed between multiple hops of a PUSCH. 
Based on the above discussion, to achieve frequency hopping gain, intra-slot or inter-slot frequency hopping within bandwidth larger than 5MHz can be supported for PUSCH. Thus, we have the following proposal:
Proposal 3: For Rel-18 RedCap UEs, intra-slot or inter-slot frequency hopping within bandwidth larger than 5MHz can be supported for PUSCH (including Msg3 PUSCH) while keeping the 5MHz maximum BW of each hops.

· Issue#3: Whether or not/how a separate early indication can be supported for Rel-18 RedCap UEs?
In our view, this issue is related to issue#2. If the answer to issue#2 is yes, then considering the payload size of Msg2 and Msg3 are very small, in general, the scheduled bandwidth of Msg3 and Msg2 can be confined within 5MHz, so at least a separate early indication based on Msg1 and/or MsgA PRACH is not necessary. For Msg4, generally, the payload size is larger and maybe up to more than one thousand bits. To avoid the BW of Msg4 exceed 5MHz, a separate early indication based on Msg3 and/or MsgA PUSCH can be considered.
Proposal 4: For Rel-18 RedCap UEs, a separate early indication based on Msg3 and/or MsgA PUSCH can be considered.
At last, we want to discuss the initial DL/UL BWP operation. Considering the RF bandwidth is still kept 20 MHz and the other channels and signals are still allowed to use a BWP up to 20MHz, so in our view, the current initial DL/UL BWP configuration mechanism for Rel-17 RedCap UEs can be fully reused by Rel-18 RedCap UEs. No specification changes are needed. Thus, we have the following proposal:
Proposal 5: The initial DL/UL BWP configuration mechanism for Rel-17 RedCap UEs can be reused by Rel-18 RedCap UEs.

On UE peak data rate reduction
As approved in the new WID, to reduce UE peak data rate, the constraint  (vLayers·Qm·f ≥ 4) defined in TS 38.306 can be relaxed. The relaxed constraint value depends on the target data rate. 
Another issue is whether UE peak data rate reduction for UE is limited only with UE BB bandwidth reduction or standalone. As studied in TR 38.365, restricting the peak data rate by relaxing the constraint  (vLayers·Qm·f ≥ 4) can only achieve very limited UE cost/complexity reduction gain. What’s more, the approved WID aims to define only one Rel-18 RedCap UE type, if UE peak data rate reduction for UE is limited standalone, then there will be two Rel-18 RedCap UE types, one is with UE BB bandwidth reduction to 5 MHz, the other one is with reduced peak date rate while UE BB bandwidth up to 20 MHz.  So it is not consistent with the WID scope and will cause market fragmentation, which is not beneficial for Rel-18 RedCap UEs’ business success.
Proposal 6: For Rel-18 RedCap UEs, UE peak data rate reduction for UE should be limited only with UE BB bandwidth reduction.

Based on the PDSCH/PUSCH bandwidth reduction, with the current constraint(vLayers·Qm·f ≥ 4), the peak data rate is more than 13Mbps, where , Rmax = 948/1024, , μ=0, ，  in the equation below


Therefore, as an add-on technique, the constraint (vLayers·Qm·f) value can be relaxed to 3.
Proposal 7: For Rel-18 RedCap UEs, the constraint value (vLayers·Qm·f) for UE peak data rate reduction is relaxed to up to 3.
Conclusions
Based on the analysis, we have the following observations and proposals:
Observation 1: For Rel-18 RedCap UEs, receiving a PDSCH larger than 5MHz may cause performance loss and some enhancements for broadcast PDSCH needs to be considered.
Proposal 1: For Rel-18 RedCap UEs, the BW of unicast PDSCH should not exceed 5MHz.
Proposal 2: For Rel-18 RedCap UEs, the BW of SIB can be allowed to exceed 5MH, while the BW of paging, Msg2, Msg4 should not exceed 5MHz.
[bookmark: _GoBack]Proposal 3: For Rel-18 RedCap UEs, intra-slot or inter-slot frequency hopping within bandwidth larger than 5MHz can be supported for PUSCH (including Msg3 PUSCH) while keeping the 5MHz maximum BW of each hops.
Proposal 4: For Rel-18 RedCap UEs, a separate early indication based on Msg3 and/or MsgA PUSCH can be considered.
Proposal 5: The initial DL/UL BWP configuration mechanism for Rel-17 RedCap UEs can be reused by Rel-18 RedCap UEs.
Proposal 6: For Rel-18 RedCap UEs, UE peak data rate reduction for UE should be limited only with UE BB bandwidth reduction.
Proposal 7: For Rel-18 RedCap UEs, the constraint value (vLayers·Qm·f) for UE peak data rate reduction is relaxed to up to 3.
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