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1	Introduction
[bookmark: _Toc67770514]In this contribution, we discuss aspects related to the Rel-17 RedCap WI objectives on reduced maximum number of DL MIMO layers and relaxed maximum modulation order [1]. We also discuss other UE complexity reduction aspects for RedCap that are currently being discussed in RAN2. 
2	Reduced maximum number of DL MIMO layers
[bookmark: _Hlk65144506]According to [1], the objective on reduced maximum number of DL MIMO layers is as follows:
	· Maximum number of DL MIMO layers:
· For a RedCap UE with 1 Rx branch, 1 DL MIMO layer is supported.
· For a RedCap UE with 2 Rx branches, 2 DL MIMO layers are supported.



In RAN1#104-e, the following agreement on reduced maximum number of DL MIMO layers was reached [2]:
	Agreements:
· For relaxed maximum number of DL MIMO layers: 
· [bookmark: _Hlk78931302]FFS: need for modification of DCI fields/formats
· FFS: need for modification of CSI measurement/reporting




With regarding to the FFS on need for modification of CSI measurement/reporting, the following conclusion was reached during RAN1#105-e [2].
	Conclusion:
· For a RedCap UE, when motivated by reduced max number of DL MIMO layers modifications to CSI measurement and/or reporting mechanisms are not pursued in Rel-17.




Therefore, the only remaining open issue is related to the FFS on need for modification of DCI fields/formats. However, the following agreements have been reached in AI 8.6.1.2 during RAN1#105-e [2]:
	Agreements:
· Redcap UE is mandated to support at least DCI format 0_0/1_0.
Agreements:
· Regarding DCI format 0_1/1_1 and DCI format 0_2 and 1_2, 
· DCI format 0_1/1_1 are mandatory as in legacy. DCI 0_2/1_2 are optionally supported. 



Some contributions brought forward that the antenna port indication in the DCI format 1_1 when only one DL MIMO layer is supported could lead to a reduction by 1 bit in the DCI size. Though this may be true, such a modification would depend on the capability reporting for a particular UE, and it may also be different for different bands. It is also questionable whether this kind of minor optimization is motivated. Note that, as shown in our companion paper [3], reducing the DCI size only by a few bits has marginal impact on the reduction of the PDCCH blocking probability.
Therefore, we propose the following:
[bookmark: _Toc79162843]For a RedCap UE, when motivated by reduced maximum number of DL MIMO layers, modifications to DCI fields/formats are not pursued in Rel-17.
3	Reduced DL maximum modulation order
According to [1], the objective on relaxed maximum modulation order is as follows.
	· Relaxed maximum modulation order:
· Support of 256QAM in DL is optional (instead of mandatory) for an FR1 RedCap UE.
· No other relaxations of maximum modulation order are specified for a RedCap UE.



During RAN1#105-e, the following agreements on relaxed maximum modulation order were reached [2]:
	Agreements:
· For a RedCap UE, 64QAM MCS tables (Table 5.1.3.1-1 in TS 38.214 for DL and UL OFDM and Table 6.1.4.1-1 in TS 38.214 for UL w/ transform precoding respectively) are the “default” ones and are mandatory.
· The following is optionally supported by RedCap UEs:
· 256QAM MCS tables (Table 5.1.3.1-2 in TS 38.214 for DL and UL OFDM) 
· 64QAM low SE MCS tables (Table 5.1.3.1-3 in TS 38.214 for DL and UL OFDM and Table 6.1.4.1-2 in TS 38.214 for UL w/ transform precoding respectively)

Agreements:
· For a RedCap UE, “CQI table 1” (Table 5.2.2.1-2 in TS 38.214), that corresponds to MCS Table 5.1.3.1-1 in TS 38.214, is mandatory.
· The following is optionally supported by a RedCap UE:
· “CQI table 2” (Table 5.2.2.1-3 in TS 38.214) that corresponds to MCS Table 5.1.3.1-2 in TS 38.214 (256QAM MCS table) 
· “CQI table 3” (Table 5.2.2.1-4 in TS 38.214) that corresponds to MCS Table 5.1.3.1-3 in TS 38.214 (64QAM low SE MCS table)

Agreements:
· Both 256QAM MCS table for PDSCH and “CQI table 2” (Table 5.2.2.1-3 in TS 38.214) are supported by a RedCap UE indicating support of 256QAM for PDSCH.

Agreements:
· For a RedCap UE, support of 64QAM low SE MCS table for PDSCH and support of “CQI table 3” (Table 5.2.2.1-4 in TS 38.214) are not coupled and capability of each can be reported independent of the other.

Agreements:
· For a RedCap UE, support of 64QAM low SE MCS table for PDSCH (Table 5.1.3.1-3 in TS 38.214) and support of 64QAM low SE MCS tables for PUSCH (Table 5.1.3.1-3 in TS 38.214 for UL OFDM and Table 6.1.4.1-2 in TS 38.214 for UL w/ transform precoding respectively) are not coupled and capability of each can be reported independent of the other.




In our view, there are no remaining open issues to be discussed for the objective on relaxed maximum modulation order. Therefore, we propose the following:
[bookmark: _Toc79162844]No further optimizations for the objective on relaxed maximum modulation order are considered in RAN1 in the Rel-17 RedCap WI.
4	Other UE complexity reduction aspects
In the ongoing RAN2 email discussion [4], the following UE complexity reduction aspects have also been discussed:
· Reduction of the maximum number of data radio bearers which UE needs to mandatorily support.
· Reduction of L2 buffer size. 
· Reduction of maximum supported sequence number length for PDCP and RLC.
· Relaxation of RRC processing requirements.
· Introduction of lower scalingFactor values for RedCap, without changing the L2 buffer size definition and equations in TS 38.306 (Section 4.1.4) [5]. 

The first four complexity reduction features listed above come entirely under the purview of RAN2. Therefore, there is no need for RAN1 to discuss whether these features should be supported. However, the last complexity reduction aspect related to scalingFactor is physical layer related.
The scalingFactor indicates the scaling factor to be applied to the band in the max data rate calculation as defined in Section 4.1.2 of TS 38.306 (relevant text is copied below). 

	[bookmark: _Toc12750882][bookmark: _Toc29382246][bookmark: _Toc37093363][bookmark: _Toc37238639][bookmark: _Toc37238753][bookmark: _Toc46488648][bookmark: _Toc52574069][bookmark: _Toc52574155][bookmark: _Toc76511753]4.1.2	Supported max data rate for DL/UL
For NR, the approximate data rate for a given number of aggregated carriers in a band or band combination is computed as follows.


wherein
J is the number of aggregated component carriers in a band or band combination
Rmax = 948/1024
For the j-th CC,
	[image: ] is the maximum number of supported layers given by higher layer parameter maxNumberMIMO-LayersPDSCH for downlink and maximum of higher layer parameters maxNumberMIMO-LayersCB-PUSCH and maxNumberMIMO-LayersNonCB-PUSCH for uplink.

	 is the maximum supported modulation order given by higher layer parameter supportedModulationOrderDL for downlink and higher layer parameter supportedModulationOrderUL for uplink.

	is the scaling factor given by higher layer parameter scalingFactor and can take the values 1, 0.8, 0.75, and 0.4.
	[…]
The approximate maximum data rate can be computed as the maximum of the approximate data rates computed using the above formula for each of the supported band or band combinations.
For single carrier NR SA operation, the UE shall support a data rate for the carrier that is no smaller than the data rate computed using the above formula, with  and component  is no smaller than 4.
NOTE: As an example, the value 4 in the component above can correspond to ,  and .



Typically, the scalingFactor is used to reflect the potential mismatch between RF and baseband processing capabilities of the UE. In the current specification, the scalingFactor can take the values 1, 0.8, 0.75, and 0.4, and it is reported per feature set (per band per band combination). 
We are supportive of introducing lower values (e.g., 0.2) for the scalingFactor. This would scale down the max data rate supported by the UE, and thereby reduce its memory size (L2 and HARQ buffers) and interface bandwidth requirements. Consequently, this would help to expand the market for RedCap use cases with relatively lower data rate requirements, for e.g., industrial wireless sensor network use cases. Furthermore, there would be only minimal specification impacts in RAN1 and RAN2, such as adding new values or fields in the RRC signaling. 
There is also currently a restriction that  is no smaller than 4 for single carrier operation (see text from TS 38.306 copied above). Therefore, if lower values for the scalingFactor are to be introduced for RedCap, the restriction will need to be relaxed. Note that the RedCap UEs will not be able to report even the existing scalingFactor value of 0.4 with the restriction if it supports only one MIMO layer.
In any case, if the introduction of lower values for the scalingFactor is pursued, RAN1 should discuss whether the RedCap WID should be updated correspondingly with motivation as the current scope does not explicitly include this complexity reduction aspect. 
[bookmark: _Toc79106344]Support of lower scalingFactor values would help to reduce the memory size and interface bandwidth requirements of the RedCap UEs.
[bookmark: _Toc79106345]Support of lower scalingFactor values would have minimal specification impacts in RAN1 and RAN2.
[bookmark: _Toc79162845]Support lower scalingFactor values for the RedCap UEs.
· [bookmark: _Toc79162846]FFS: the new values for the scalingFactor.
· [bookmark: _Toc79161567][bookmark: _Toc79162847]FFS: how to relax the restriction “ is no smaller than 4”.
[bookmark: _Toc79162848]Discuss whether the RedCap WID should be updated to include lower values for the scalingFactor as one of the aspects for UE complexity reduction.
[bookmark: _Toc68636458][bookmark: _Toc67669165][bookmark: _Toc67770532][bookmark: _Toc67669166][bookmark: _Toc67669167]5	Conclusion
In the previous sections, we made the following observations: 
Observation 1	Support of lower scalingFactor values would help to reduce the L2 buffer size and interface bandwidth requirements of the RedCap UEs.
Observation 2	Support of lower scalingFactor values would have minimal specification impacts in RAN1 and RAN2.
Based on the discussion in the previous sections, we propose the following:
Proposal 1	For a RedCap UE, when motivated by reduced maximum number of DL MIMO layers, modifications to DCI fields/formats are not pursued in Rel-17.
Proposal 2	No further optimizations for the objective on relaxed maximum modulation order are considered in RAN1 in the Rel-17 RedCap WI.
Proposal 3	Support lower scalingFactor values for the RedCap UEs.
                                            FFS: the new values for the scalingFactor.
                                            FFS: how to relax the restriction “ is no smaller than 4”.
Proposal 4	Discuss whether the RedCap WID should be updated to include lower values for the scalingFactor as one of the aspects for UE complexity reduction.
[bookmark: _In-sequence_SDU_delivery]
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