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1. [bookmark: _Ref87036880]Introduction
	The Re1-18 WI titled “Enhanced support of reduced capability NR devices” was approved in RAN#97-e meeting. The WI objectives relevant to RAN1 discussion are as follows [1].
	4	Objective
4.1	Objective of Core part WI
The objective is to specify support for the following enhancements: 
…
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.)



2. Discussion
	In this contribution, we present our views on further UE complexity reduction for Rel-18 RedCap which is called eRedCap in this paper.

2.1. UE BB bandwidth reduction
	According the WID [1], the Option BW3 [2] as summarized below is to be specified for UE BB bandwidth reduction for eRedCap.
	· 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.


It was identified during the discussion in RAN1 and also in RAN that views on the Option BW3 were not aligned well among the participating companies, so in the beginning of the WI phase, it is deemed that we need to take some time to reach a consensus on the UE BB bandwidth reduction scheme that we will specify for the rest of the WI phase.

Issue#1: Views on the UE BB bandwidth reduction
	The first issue on the UE BB bandwidth reduction is whether eRedCap UEs can expect the case where the bandwidth of any of the broadcast channels is wider than the 5 MHz BB bandwidth for PDSCH of eRedCap UEs. Regarding this issue, the following two options were considered during the discussion in RAN1#110b-e:
· Option 1: Restrict the scheduling of SIB1 to be within 5 MHz 
· Option 2: Allow the scheduling of SIB1 to be larger than 5 MHz (as in legacy operation)

	For SIB1 PDSCH and also for the OSI PDSCH, as shown in the agreements below, RAN1 agreed to support Option 2.
	Agreement
Replace the agreement on SIB1(PDSCH) for UE BB bandwidth reduction with the following:
For UE BB bandwidth reduction, for SIB1 (PDSCH),
· Allow the scheduling of SIB1 to be larger than 5 MHz (as in legacy operation)
· FFS: UE post-FFT buffering “assumption”

Agreement
Replace the agreement on broadcast OSI (PDSCH) for UE BB bandwidth reduction with the following:
For UE BB bandwidth reduction, for broadcast OSI (PDSCH),
· Allow the scheduling of broadcast OSI (PDSCH) to be larger than 5 MHz (as in legacy operation)



	For other broadcast PDSCHs, i.e., for paging and RAR, RAN1 will continue discussion and down-select between the two options as shown in the agreements below.
	Agreement
For UE BB bandwidth reduction, for paging channel (PDSCH) to Rel-18 RedCap UEs, down-select between the following options:
· Option 1: Restrict the scheduling of paging channel to be within 5 MHz
· Option 2: Allow the scheduling of paging channel to be larger than 5 MHz (as in legacy operation)
· FFS: whether 5MHz is assumed to be physically contiguous

Agreement
For UE BB bandwidth reduction, for RAR (PDSCH) to Rel-18 RedCap UEs, down-select between the following options:
· Option 1: Restrict the scheduling of RAR PDSCH to be within 5 MHz
· Option 2: Allow the scheduling of RAR PDSCH to be larger than 5 MHz (as in legacy operation)
· FFS: whether 5MHz is assumed to be physically contiguous



	For paging, we have not identified any critical issue in paging within 5 MHz that cannot be managed by the network. So, we prefer Option 1 for paging PDSCH which is simple from both UE and NW perspective and also avoids unexpected performance loss incurred from e.g., partial reception of the broadcast channels. If there is a need for traffic offloading for eRedCap UEs for paging, then a mechanism for separate paging, e.g., via separate PO, can also be considered.

Proposal 1: For UE BB bandwidth reduction, for paging channel (PDSCH) to Rel-18 RedCap UEs,
· Restrict the scheduling of paging channel to be within 5 MHz (Option 1)

	For RAR PDSCH, similar to the case of paging PDSCH, Option 1 is preferred as long as the PAR PDSCH within 5 MHz can accommodate the payload size with the performance still not being a bottleneck. We assume this is the case and support Option 1. 

Proposal 2: For UE BB bandwidth reduction, for RAR (PDSCH) to Rel-18 RedCap UEs,
· Restrict the scheduling of RAR PDSCH to be within 5 MHz (Option 1)

	Payload size may vary depending on whether the network can control the maximum payload to be carried on RAR PDSCH, which may again depend on if separate early indication for eRedCap is supported or not. To make a more informed conclusion, we are also fine to come back to this after other related discussions progress further.

	For PUSCH, for both dynamic and configured grants, RAN1 agreed to NOT allow resource allocation larger than 5 MHz per hop.
	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.


For Msg3 PUSCH, the issue of potential dependency on Msg1 early indication was raised, so it was left for further study.
	Agreement
· For UE BB bandwidth reduction, it is FFS whether a UE can be expected to receive an UL grant in a RAR with a Msg3 PUSCH resource allocation spanning a bandwidth of more than ~5 MHz per slot or per hop, if applicable.


We think, from UE complexity point of view, regardless of whether a separate Msg1 early indication for eRedCap is supported or not, Msg3 PUSCH resource allocation larger than 5 MHz per hop should not be allowed. If it is to be allowed, then it should be clarified first how an eRedCap UE is expected to transmit Msg3 PUSCH within 5 MHz per hop.

Proposal 3: For UE BB bandwidth reduction, a UE is not expected to receive a UL grant in a RAR with a Msg3 PUSCH resource allocation spanning a bandwidth of more than ~5 MHz per slot or per hop, if applicable.

Issue#2: Views on the feasibility of post-FFT RE buffer size reduction
	The second issue is whether and how much the post-FFT RE buffer size can be reduced in accordance with the UE BB bandwidth reduction for PDSCH and PUSCH. Based on our brief analysis of the complexity evaluation results for TDD 1 Rx case [2], ~30% of companies assumed no buffer size reduction along with the UE BB bandwidth reduction for PDSCH and PUSCH while ~50% of companies assumed more than 50% buffer size reduction. As captured in TR 38.865, whether and how much the post-FFT RE buffer size can be reduced may depend on the scheduling aspects. It would also depend on how early eRedCap UEs could locate the BB bandwidth for PDSCH reception especially for broadcast PDSCH. In general, we support studying how to minimize the post-FFT RE buffer size to maximize the complexity reduction gain for eRedCap. 

Proposal 4: Strive for solutions that could minimize the post-FFT RE buffer size for further UE complexity reduction. 

[bookmark: _GoBack]	Two approaches can be considered to support the eRedCap UEs with only 5 MHz buffer. The first one is to guarantee a minimum scheduling gap b/w SIB1 PDCCH and SIB1 PDSCH. After the minimum scheduling gap, a UE would know where to buffer from the REs of SIB1 PDSCH based on its post-FFT RE buffer capability. The second approach is to predefine a starting position in frequency in relation to CORESET#0 or SSB so that an eRedCap UE can know where to buffer after decoding PBCH at the latest. For the second approach, default TDRA tables used for SIB1 PDCCH can be reused without modification. The same applies to other broadcast channels if needed. These two approaches, and perhaps with others, may impose some restriction on the network configuration, but we think it is a trade-off that can be considered for eRedCap. 

	For the maximum number of PRBs supported by eRedCap UEs for PUSCH and PDSCH, the options below for down-selection were agreed in RAN1#110b-e meeting.
	Agreement
Replace the agreement on the maximum number of PRBs supported by UE with the following:
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 1: 28 PRBs for 15 kHz SCS and 14 PRBs for 30 kHz SCS
· Option 2: 27 PRBs for 15 kHz SCS and 13 PRBs for 30 kHz SCS
· 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 (at least for unicast), down-select between the following options for the maximum number of PRBs that the UE can process per slot:
· Option 1: 28 PRBs for 15 kHz SCS and 14 PRBs for 30 kHz SCS
· Option 2: 27 PRBs for 15 kHz SCS and 13 PRBs for 30 kHz SCS
· 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 (at least for unicast) and PUSCH.


In our view, we don’t see a strong motivation for enhancements on data rate which may be intended by Option 1 and Option 2. So we don’t support Option 1 and Option 2. Furthermore, it also would take some time for RAN4 to study them and provide feedback. For Option 3 and Option 4, as Option 4 is already supported in TS38.101-1, the question can be reformulated to be whether to (additionally) support Option 3 for eRedCap and perhaps under what network configuration. We think we can continue discussion on the pros and cons b/w Option 3 and Option 4.

Proposal 5: 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

Proposal 6: For UE BB bandwidth reduction, for PDSCH (at least for unicast), 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

Issue#3: Coexistence issues
[SIB1 reception]
	With the UE BB bandwidth reduction down to 5MHz for PDSCH, from our perspective, it may not be feasible to deliver the max payload size of SIB1 with a reasonable coverage performance. If there is a problem transmitting/receiving the SIB1 PDSCH for all UEs including eRedCap, RedCap and non-RedCap within 5 MHz, a mechanism to transmit a separate SIB1 dedicated to eRedCap can be considered. 
	If a dedicated/separate SIB1 PDSCH (<5 MHz) for eRedCap is to be supported, how to direct the eRedCap UEs to read the separate SIB1 should be discussed as a next step. For instance, a separate CORESET#0/ Type0-PDCCH CSS or a separate DCI may be used to deliver the scheduling information of the SIB1 PDSCH (<5 MHz) for eRedCap.

Proposal 7: Discuss whether/how to support a dedicated/separate SIB1 PDSCH (<5 MHz) for Rel-18 RedCap UEs.

	It may not be essential but SIB1 PDSCH repetition may also be considered to deliver the SIB1 PDSCH within 5 MHz with a reasonable coverage performance. If supported, eRedCap UEs would receive the SIB1 PDSCH repeatedly within the 5 MHz bandwidth to minimize the coverage degradation. Furthermore, as we agreed on Option 2 above, SIB1 PDSCH repetition may be useful for eRedCap UEs to receive the SIB1 PDSCH while minimizing the potential coverage degradation.

Proposal 8: Discuss whether to support SIB1 PDSCH repetition for Rel-18 RedCap UEs.

[Random access]
	For configuration of PRACH resources (RO and PRACH preambles) for eRedCap, we think basically the same principle as in Rel-17 RedCap can be reused:
· PRACH resource (RO and PRACH preambles) for eRedCap can be shared with Rel-17 RedCap and/or non-RedCap whenever applicable.
· PRACH resource for eRedCap can be configured in the separate initial UL BWP for eRedCap.
· The PRACH resource in the separate initial UL BWP can be dedicated for eRedCap or shared with RedCap and/or non-RedCap.
· To minimize PUSCH resource fragmentation within the initial UL BWPs for non-RedCap UEs, configuring a separate initial UL BWP for eRedCap at the band edge is beneficial.

	During random access, common PUCCH resources are used for PUCCH transmission for HARQ feedback in response to msg4/msgB. For the common PUCCH resources for eRedCap UEs, basically the same framework for common PUCCH for Rel-17 RedCap can be reused:
· In case a separate initial UL BWP is configured for eRedCap UEs, it is supported that the network can enable/disable intra-slot PUCCH frequency hopping within the separate initial UL BWP in the PUCCH resource for HARQ feedback for Msg4/MsgB for eRedCap UEs.
· The frequency hopping is enabled/disabled via SIB1.
· Disabling of frequency hopping for common PUCCH resources for eRedCap UEs is only supported for separate (not shared) initial UL BWP.

	With the introduction of eRedCap UEs in addition to Rel-17 RedCap UEs, increasing the resource efficiency of the common PUCCH resources becomes more important. Then, it is desirable that the common PUCCH resources in time and frequency domain are shared as much as possible b/w Rel-17 RedCap UEs and eRedCap UEs especially when the FH for common PUCCH transmission is disabled. From this aspect, enhancements on the user multiplexing capacity for common PUCCH can be considered. CDM (OCC), FDM, and TDM can be considered as candidate multiplexing techniques.

Proposal 9: Support enhancements on the user multiplexing capacity for common PUCCH especially when the FH for the common PUCCH resources is disabled.
· FFS details, e.g., CDM (OCC), FDM, and TDM of the common PUCCH resources.

	Meanwhile, an additional PRB offset for common PUCCH resources for Rel-17 RedCap UEs has been introduced. Whether to use the same additional PRB offset for both Rel-17 RedCap and eRedCap UEs or to introduce a separate additional offset for eRedCap UEs can be discussed for coexistence with non-eRedCap UEs.

Proposal 10: Discuss whether to support an additional PRB offset dedicated for Rel-18 RedCap UEs.

	Msg3 PUSCH repetition was introduced in Rel-17 CE. The repetition was implemented with limited flexibility by signalling the repetition number in RAR UL Grant with 2 bits taken from the 4-bit MCS field. Now, for eRedCap, 5MHz UE BB bandwidth for PDSCH/PUSCH is being considered, in which case 9 bits out of the 14-bit FDRA field in RAR UL Grant may be sufficient for scheduling Msg3 PUSCH. Then, the spare bits from the FDRA field may be used to support other functionalities such as supporting additional repetition numbers for CE, enhancements on Msg3/PUSCH transmission/reception for coverage extension, etc. 

Proposal 11: Discuss whether/how to reuse the potential spare bits from the FDRA field in RAR UL Grant for Rel-18 RedCap UEs with 5 MHz UE BB bandwidth for PDSCH/PUSCH.

2.2. UE peak rate reduction
	According the WID [1], the Option PR1 [2] as summarized below is to be specified for UE peak rate reduction for eRedCap.
	· 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.


After follow-on discussion in RAN1#110b-e, the following agreement was made.
	Agreement
· UE peak data rate reduction is supported at least as an add-on to UE BB bandwidth reduction,
· The constraint vLayers·Qm·f ≥ 4 is relaxed to vLayers·Qm·f ≥ X.
· FFS: the value of X 
· If UE peak data rate reduction is supported as a standalone feature,
· The constraint vLayers·Qm·f ≥ 4 is relaxed to vLayers·Qm·f ≥ Y.
· FFS: the value of Y
· Note: Whether this option is supported will be decided in RAN plenary.


On the issue of whether to support the UE peak rate reduction scheme as a standalone feature as well as an add-on feature to the UE BB bandwidth reduction feature, we don’t support the UE peak rate reduction as a standalone feature. In our view, the main reason that the Option PR1 was recommended from RAN1 as a potential add-on to the main UE complexity reduction feature(s) was that it would have almost no spec impact from RAN1 perspective and more importantly the complexity reduction gain was not comparable to those of the main UE complexity reduction features under consideration (e.g., Option BW3, PR3). At least in these aspects, the situation has not changed, so we think there is no reason to promote the PR1 to a standalone feature. On other aspects, e.g., from business perspective, we are basically open for further discussion on the motivations and also on the potential spec impact if any.

Proposal 12: Support of PR1 is limited only to the Rel-18 RedCap UE with UE BB bandwidth reduction, which is as recommended in conclusion section of TR 38.865.

	Our rough estimation on the max supported UE data rate would be [3.3 Mbps] if we assume the value of relaxed constraint to 1 (instead of the current value 4), which is probably intended for some limited use cases such as wireless sensors, (not-so-high-end) wearables, etc. Then, it should be clarified that how this is related to the number of device types and device variants taking into account the fact that it was already agreed to “aim to define at most one Rel-18 RedCap UE type for further UE complexity reduction” from the WID and that it has been emphasized by many companies that the device variants should be minimized. We also want to minimize the device variants from eRedCap.

2.3. Other aspects
[Early indication]
	Early indication of RedCap UE is supported since Rel-17 RedCap. So, basically we assume the Rel-17 RedCap UE early indication mechanism to be applicable to eRedCap. In addition to that, whether to introduce a separate early indication for eRedCap UE can be discussed. If gNB needs to treat the eRedCap UEs separately from the Rel-17 RedCap UEs before RRC connection, then early indication dedicated to eRedCap UEs would be needed. Both Msg3-based and Msg1-based early indication can be considered perhaps with the same degree of network configurability as in Rel-17 RedCap.

Proposal 13: Discuss whether to introduce a separate early indication for Rel-18 RedCap UEs.

[Coverage recovery]
	Our interpretation on the coverage evaluation results from TR 38.865 is as follows: 
· No major impact on the coverage in terms of bottle neck channels with reference to the reference NR UE except for Urban scenario at 4 GHz with 11 PRBs and DL PSD of 24dBm/MHz
· Coverage loss for SIB1(>5MHz) with respect to Rel-17 RedCap UE especially in Urban scenario with 30 kHz SCS
Based on these observations, our preliminary estimation on the need for coverage recovery for eRedCap is that there is no urgency of specifying coverage recovery techniques for eRedCap. We are open to discuss whether to specify coverage recovery techniques for eRedCap, but for the decision on whether to specify the coverage recover techniques for eRedCap, we think the decision should be made based on the reference NR UE with baseline options (e.g., w/o 3dB antenna efficiency loss) and on the normal deployment scenarios, with the latter meaning that the decision is not to be made based on the Urban scenario at 4 GHz with 11 PRBs and DL PSD of 24dBm/MHz.

Proposal 14: Discuss whether to specify coverage recovery techniques for Rel-18 RedCap UEs.

Proposal 15: The decision on whether to support coverage recovery techniques should be made based on 
· the reference NR UE without 3dB antenna efficiency loss (baseline assumption for coverage evaluation) 
· the normal deployment scenarios, i.e., not based on the Urban scenario at 4 GHz with 11 PRBs and DL PSD of 24dBm/MHz

1. Conclusion
	In this contribution, we shared our views on further UE complexity reduction for eRedCap.

Proposal 1: For UE BB bandwidth reduction, for paging channel (PDSCH) to Rel-18 RedCap UEs,
· Restrict the scheduling of paging channel to be within 5 MHz (Option 1)

Proposal 2: For UE BB bandwidth reduction, for RAR (PDSCH) to Rel-18 RedCap UEs,
· Restrict the scheduling of RAR PDSCH to be within 5 MHz (Option 1)

Proposal 3: For UE BB bandwidth reduction, a UE is not expected to receive a UL grant in a RAR with a Msg3 PUSCH resource allocation spanning a bandwidth of more than ~5 MHz per slot or per hop, if applicable.

Proposal 4: Strive for solutions that could minimize the post-FFT RE buffer size for further UE complexity reduction. 

Proposal 5: 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

Proposal 6: For UE BB bandwidth reduction, for PDSCH (at least for unicast), 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

Proposal 7: Discuss whether/how to support a dedicated/separate SIB1 PDSCH (<5 MHz) for Rel-18 RedCap UEs.

Proposal 8: Discuss whether to support SIB1 PDSCH repetition for Rel-18 RedCap UEs.

Proposal 9: Support enhancements on the user multiplexing capacity for common PUCCH especially when the FH for the common PUCCH resources is disabled.
· FFS details, e.g., CDM (OCC), FDM, and TDM of the common PUCCH resources.

Proposal 10: Discuss whether to support an additional PRB offset dedicated for Rel-18 RedCap UEs.

Proposal 11: Discuss whether/how to reuse the potential spare bits from the FDRA field in RAR UL Grant for Rel-18 RedCap UEs with 5 MHz UE BB bandwidth for PDSCH/PUSCH.

Proposal 12: Support of PR1 is limited only to the Rel-18 RedCap UE with UE BB bandwidth reduction, which is as recommended in conclusion section of TR 38.865.

Proposal 13: Discuss whether to introduce a separate early indication for Rel-18 RedCap UEs.

Proposal 14: Discuss whether to specify coverage recovery techniques for Rel-18 RedCap UEs.

Proposal 15: The decision on whether to support coverage recovery techniques should be made based on 
· the reference NR UE without 3dB antenna efficiency loss (baseline assumption for coverage evaluation) 
· the normal deployment scenarios, i.e., not based on the Urban scenario at 4 GHz with 11 PRBs and DL PSD of 24dBm/MHz
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