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Introduction
In RAN#97, a new WID on enhanced support of reduced capability NR devices has been approved [1]. In RAN#110bis-e, the following agreements have been made for UE bandwidth reduction and UE peak data rate reduction. 
	Initial BWP
Agreement:
For a cell supporting both Rel-17 and Rel-18 RedCap UEs,
· The Rel-18 RedCap UEs can share the same separate initial DL/UL BWP as the Rel-17 RedCap UEs.
· FFS: whether to support an additional separate initial DL/UL BWP specific to Rel-18 RedCap UEs
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.
SIB1 bandwidth
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”
OSI bandwidth
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)
Paging bandwidth
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
RAR bandwidth
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
PUSCH bandwidth
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 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.
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.


In this contribution, further reduced UE complexity in FR1 is discussed. 

On UE BB bandwidth reduction
In the last meeting, some issues caused by UE BB BW reduction for PDSCH/PUSCH were discussed and caused considerable disagreements among companies, such as the scheduling bandwidth of some unicast/broadcast PDSCHs and PUSCH, UE post-FFT buffer assumption, UE early identification, etc. Among these issues, UE post-FFT buffer assumption is the core issue and will impact the final agreement for the other issue. Hence UE post-FFT buffer assumption is discussed first.

On UE post-FFT buffer assumption
The UE post-FFT buffer assumption discussed here is only for PDSCH. Because as agreed in the WID, the UE BB BW capability for other physical channels are still kept as 20MHz, so at least for PDCCH, the UE post-FFT buffer assumption should be 20 MHz. 
For PDSCH, in our view, it is possible to reduce the UE post-FFT buffer assumption from 20 MHz to 5 MHz for UE cost/complexity reduction. However, meanwhile, some issues will be caused. 
Firstly, as agreed in the last meeting, at least the scheduling of some broadcast PDSCH, such as SIB1, OSI can exceed 5 MHz.  If the UE-post FFT buffer is 5 MHz, then the UE can only buffer no more than 5 MHz part of the PDSCH larger than 5MHz at a time while the other frequency part has to be discarded, which will cause downlink performance loss without any soft-combining among multiple shots of receptions. Companies should judge whether the performance is acceptable or not. 
Secondly, no matter whether the scheduling of a PDSCH exceeds 5 MHz, there will be some issue for UE reception for same-slot dynamic scheduling. Because before a UE decodes the DCI successfully, the UE does not know on which frequency resources to buffer the PDSCH within a BWP up to 20 MHz. Therefore, some enhancements should be considered, such as pre-configuring the 5 MHz BW via RRC signaling, MAC CE, etc., or mandatorily supporting cross-slot scheduling. But these solutions may not be feasible for SIB1, because in current specification, the pre-defined default PDSCH TDRA table A is supported for SIB1 mandatorily and only same-slot scheduling is supported for this table. Additionally, prior to SIB1, there seems no other signaling to pre-configure the 5MHz BW.
While, for 20 MHz UE post-FFT buffer, all the above issues will not exist. For a PDSCH larger than 5 MHz, the UE can buffer the entire PDSCH, and it at least provides the possibility to process it with UE 5 MHz data processing pipeline capability and longer processing time. Therefore, performance loss can be avoided and specification impact can be minimized.
In summary, 5 MHz UE post-FFT buffer assumption may reduce a little bit UE cost/complexity, while also cause more specification impact. A 20 MHz UE post-FFT buffer assumption achieves less UE cost/complexity reduction, but needs less specification modification. Thus, we have the following observation:
Observation: Compared with 20 MHz UE post-FFT buffer, 5 MHz UE post-FFT buffer may reduce a little bit UE cost/complexity at the cost of more specification impact.
In our view, 20 MHz UE post-FFT buffer assumption should be supported. For 5 MHz UE post-FFT buffer assumption, if it intends to be supported, the resulting issues and corresponding solutions should be well studied. 
Proposal 1: For UE BB bandwidth reduction, 20 MHz UE post-FFT buffer assumption is supported. 

For broadcast/unicast PDSCH and PUSCH, whether the scheduling bandwidth can exceed 5MHz
Whether or not the scheduling of PDSCH (broadcast and unicast) and PUSCH can exceed 5 MHz is discussed. If it can, how does the UE process the PDSCH or PUSCH?
Broadcast PDSCH and unicast PDSCH
Firstly, we want to discuss broadcast PDSCH and PUSCH. In the last RAN1 meeting, it has been agreed to allow the scheduling of SIB1 (PDSCH) and broadcast OSI (PDSCH) to be larger than 5 MHz (as in legacy operation). For paging, RAR, unicast PDSCH, whether or not the scheduling bandwidth can exceed 5 MHz has not been agreed. 
	Paging bandwidth
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
RAR bandwidth
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
Paging bandwidth
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
RAR bandwidth
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




In our view, the situation of paging, RAR and unicast PDSCH are different from SIB1 and OSI. Because for these channels, gNB can obtain UE bandwidth capability in advance. For paging, the gNB can obtain the UE bandwidth capability information by the existing UE capability mechanism. For RAR, UE can report its bandwidth capability through Msg1/MsgA. For unicast PDSCH, it’s even less of a problem. So it is possible for gNB to restrict the scheduling of these channels to be within 5 MHz. 
However, for paging and RAR, option 1 is unfavorable for sharing the legacy paging (PDSCH) and RAR (PDSCH) with R15 non-RedCap UEs and R17 RedCap UEs. What’s more, for RAR, early identification may be needed if the network does not intend to restrict the scheduling bandwidth of all the UEs’ RAR to be within 5 MHz. From this perspective, option 2 seems more preferable. However, the UE behavior for receiving and decoding a PDSCH larger than 5 MHz is still not clear and more studies seem necessary.
As discussed in the first issue, depending on different assumptions of UE post-FFT buffer, the UE behavior varies. If the UE post-FFT buffer is 5 MHz, then performance for paging and RAR may be degraded.
If the UE post-FFT buffer is 20 MHz, the UE can at least buffer the entire PDSCH. In our view, there are still some possible ways for the UE to process the buffered PDSCH. One way is the UE processes no more than 5 MHz part per slot and process the entire PDSCH in a longer time. That means the relaxed PDCSH processing time should be supported. The other way is the UE only processes 5 MHz part with current processing timeline at a cost of performance degradation just as the behavior of 5 MHz UE post-FFT buffer. 
To have the relaxed PDSCH processing time for RAR, early identification may be needed if the network does not intend to schedule the RAR and Msg3 for all the UEs with relaxed timeline. While for paging, since HARQ-ACK feedback is not needed, no RAN1 specification impact on timing is needed.
In short, from the perspective of sharing legacy broadcast PDSCH to avoid additional time-frequency resource consumption, option 2 seems more preferable. 
Proposal 2: For UE BB bandwidth reduction, for RAR, paging, option 2 that allow the scheduling of RAR PDSCH to be larger than 5 MHz (as in legacy operation) is more preferable.
· Support relaxed UE PDSCH processing time for processing a PDSCH larger than 5 MHz with a UE 5 MHz data processing capability.

PUSCH
For PUSCH, the following agreements have been made.
	PUSCH bandwidth
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 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.



For the FFS, in our view, the principle of Msg3 should be consistent with other dynamic PUSCH and CG PUSCH. Because, obviously both Msg3 PUSCH and normal PUSCH including the Msg3 retransmission scheduled by DCI 0_0 will share the same UE processing hardware resources, thus UE processing capability of Msg3 and normal PUSCH should be the same. Considering that the scheduling bandwidth of the normal PUSCH have been agreed to be limited within 5 MHz per slot or per hop, if applicable, then Msg3 PUSCH resource allocation should also be limited within 5 MHz per slot or per hop, if applicable. Thus, we have the following proposal:
Proposal 3: For UE BB bandwidth reduction, a UE does not expect 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.

On the maximum number of PRBs supported by UE
For the maximum number of PRBs supported by UE, the following agreement has been made in the last 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, on the one hand, option 4 which has been specified in RAN4 specification can already meet UE peak data rate of ~10 Mbps. On the other hand, for uplink, the coverage is limited by UE maximum Tx power, not UE maximum bandwidth, so increasing the supported maximum PRB cannot improve uplink performance for most cases. For downlink, although increasing the maximum number of PRBs can improve performance, however, so the gain from the other options is very limited due to small increase of PRBs.  
Based on the above discussion, we have the following proposal:
Proposal 4: For UE BB bandwidth reduction, option 4 for the maximum number of PRBs is supported for PDSCH and PUSCH.

Whether or not/how a separate early indication can be supported for Rel-18 RedCap UEs?
In our view, whether a separate early indication is needed for Rel-18 RedCap UEs depends on the processing of Msg2 and Msg3. 
As discussed in preceding sections, if the scheduled bandwidth of Msg2 exceeds 5 MHz, then relaxed UE processing time between Msg2 and Msg3 is necessary because of UE 5 MHz data processing capability. If the network does not prefer to schedule all the UEs with a relaxed timeline, the early identification for RedCap UEs based on Msg1/MsgA is needed. Additionally, as discussed, the bandwidth of Msg3 scheduled by a RAR grant shall not exceed 5 MHz, in our view. If the network does not prefer to schedule all the UE within 5 MHz, especially for the scenario of SDT based on RA, early identification for Rel‑18 RedCap UEs based on Msg1/MsgA is needed. Similar to Rel-17 RedCap, to provide more flexibility for network implementation, whether the separate early indication for Rel-18 Redcap UEs is enabled or not can be indicated in SIB1.
For Msg4, generally, the payload size is larger and may be up to more than 1000 bits, so the scheduling bandwidth may exceed 5 MHz. Thus, for Rel-18 RedCap UEs, there is need of separate early indication no later than Msg3. If the separate early indication based on Msg1 is not enabled, then the separate early indication based on Msg3 is needed.
Proposal 5: For UE BB bandwidth reduction, a separate early indication based on Msg1/MsgA/Msg3 is supported.

Whether to support an additional separate initial BWP specific to Rel-18 RedCap UEs
For initial DL/UL BWP operation, the following agreement has been made in the last meeting.
	Initial BWP
Agreement:
For a cell supporting both Rel-17 and Rel-18 RedCap UEs,
· The Rel-18 RedCap UEs can share the same separate initial DL/UL BWP as the Rel-17 RedCap UEs.
· FFS: whether to support an additional separate initial DL/UL BWP specific to Rel-18 RedCap UEs




In our view, the current initial DL/UL BWP configuration mechanism for Rel-17 RedCap UEs can be fully reused to Rel-18 RedCap UEs. No specification changes are needed. Thus, we have the following proposal:
Proposal 6: An additional separate initial DL/UL BWP specific to Rel-18 RedCap UEs is not necessary and not supported.

On UE peak data rate reduction
For UE peak data rate reduction, the following agreement has been made in the last meeting.
	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.





Based on the PDSCH/PUSCH bandwidth reduction, with the current constraint(vLayers·Qm·f ≥ 4), for SCS 15 kHz, the downlink peak data rate is more than 13Mbps, where , Rmax = 948/1024, , μ=0, ，  in the equation below


As an add-on technique, to meet the downlink peak data rate of 10 Mbps, the constraint (vLayers·Qm·f) value can be relaxed to ~3. While for SCS 30 kHz, assuming  , the constraint (vLayers·Qm·f) value should be relaxed to ~3.4. So taking the two cases together, the relaxed value should be 3.4.
Proposal 7: For UE peak data rated reduction which is supported as an add-on to UE BB bandwidth reduction, the constraint value (vLayers·Qm·f) can be relaxed to up to 3.4.
Another issue is whether UE peak data rate reduction can be supported as a standalone feature. As studied in TR 38.865, 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 permitted to be 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.  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 8: For Rel-18 RedCap UEs, UE peak data rate reduction for UE should be limited only with UE BB bandwidth reduction.

Conclusions
Based on the analysis, we have the following observation and proposals:
Observation: Compared with 20 MHz UE post-FFT buffer, 5 MHz UE post-FFT buffer may reduce a little bit UE cost/complexity at the cost of more specification impact.
Proposal 1: For UE BB bandwidth reduction, 20 MHz UE post-FFT buffer assumption is supported. 
Proposal 2: For UE BB bandwidth reduction, for RAR, paging, option 2 that allow the scheduling of RAR PDSCH to be larger than 5 MHz (as in legacy operation) is more preferable.
· Support relaxed UE PDSCH processing time for processing a PDSCH larger than 5 MHz with a UE 5 MHz data processing capability.
Proposal 3: For UE BB bandwidth reduction, a UE does not expect 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.
Proposal 4: For UE BB bandwidth reduction, option 4 for the maximum number of PRBs is supported for PDSCH and PUSCH.
Proposal 5: For UE BB bandwidth reduction, a separate early indication based on Msg1/MsgA/Msg3 is supported.
Proposal 6: An additional separate initial DL/UL BWP specific to Rel-18 RedCap UEs is not necessary and not supported.
Proposal 7: For UE peak data rated reduction which is supported as an add-on to UE BB bandwidth reduction, the constraint value (vLayers·Qm·f) can be relaxed to up to 3.4.
Proposal 8: For Rel-18 RedCap UEs, UE peak data rate reduction for UE should be limited only with UE BB bandwidth reduction.
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