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Introduction
[bookmark: _Hlk525462591]In Rel-17 WI for reduced capability devices [1], UE complexity reduction features are to be specified. Three aspects are considered in this agenda item –
· Reduced minimum number of Rx branches:
· For frequency bands where a legacy NR UE is required to be equipped with a minimum of 2 Rx antenna ports, the minimum number of Rx branches supported by specification for a RedCap UE is 1. The specification also supports 2 Rx branches for a RedCap UE in these bands.
· For frequency bands where a legacy NR UE (other than 2-Rx vehicular UE) is required to be equipped with a minimum of 4 Rx antenna ports, the minimum number of Rx branches supported by specification for a RedCap UE is 1. The specification also supports 2 Rx branches for a RedCap UE in these bands.
· A means shall be specified by which the gNB can know the number of Rx branches of the UE.
· 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.
· 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.
In RAN1#106-e, no additional agreements were made with respect to the above items. In this contribution, we address remaining issues related these two aspects of reduced complexity based on [3].
Reduced minimum number of Rx branches
Two open issues with respect to reduced number of Rx branches as discussed in RAN1#105-e [3] are PDCCH blocking and DCI optimization. Key points include (1) whether new solutions are required to address potential PDCCH blocking and (2) whether the DCI can be optimized (due to reduced capability the and also to address potential PDCCH blocking).
PDCCH Blocking
A key reason cited for increased PDCCH blocking is due to the need to use higher aggregation level for RedCap PDCCH. The extent of this increase, however, depends on cell deployment scneario and the underlying link budget. If, for example, the cell is deployed such that the PDCCH performance is significantly better than the bottleneck channel, then most RedCap UEs will still use AL of 1 or 2 and the PDCCH blocking is not expected to increase significantly beyond the natural increase due to having to support more UEs in the cell. In [5], the issue of PDCCH blocking was analyzed and it was observed that –
· Link budget analysis shows that, in most deployment scenarios, UEs will not require high PDCCH aggregation levels even with reduced Rx braches and reduced antenna efficiency.
· Based on our analysis, PDCCH blocking is not expected to be an issue because of RedCap UE. In addition, if necessary, existing methods can be used to significantly reduce PDCCH blocking.
In RAN1#106-e, the following options were considered for PDCCH blocking –
· Alt.1: No new solutions.
· Alt.2: Additional CORESET in separate initial DL BWP can be configured for Redcap UE to reduce PDCCH blocking rate during initial access. Note that some further optimization may be possible by introducing CORESET configuration and adaptation as a function of the DRX and onDuration (e.g. by progressively reducing the search space size in the onDuration to reduce overhead).
· Alt.3: Support link adaptation on PDCCH.
· Alt.4: Support RACH-based or CG-based SDT for RedCap UE in initial BWP.
· Alt.5: For initial access, dedicated search space for RedCap UEs could be defined to reduce PDCCH blocking in case of shared initial DL BWP.
· Alt.6: Multi-TB scheduling.
· Alt.7: Multi-UE activation of SPS or UL grant Type 2 configuration.
Based on the analysis presented in [5], we therefore note that PDCCH blocking is not expected to be an issue with the introduction of RedCap UE. In addition, existing solutions can be used to mitigate PDCCH blocking if needed and therefore no new solution is needed specifically for PDCCH blocking.
Note that in RAN1#105-e, it has been agreed as a working assumption that initial DL BWP can be configured for RedCap UE at least for TDD. In addition, dedicated CORESET / search space is already being discussed as part of the bandwidth reduction issues. These two techniques are likely to be adopted for RedCap and they can help with PDCCH blocking as well.
Proposal 1: Existing solutions can be used to mitigate PDCCH blocking if needed and no new solution is needed to address PDCCH blocking. 
Proposal 2: Additional CORESET in separate initial DL BWP should be considered under Agenda 8.6.1.1. 
DCI optimization
DCI optimization was also considered in RAN1#105-e  and RAN1#106-e with the assertion that this may improve performance and reduce PDCCH blocking. Several techniques were proposed, namely –
· For non-fallback DCI format, remove the following fields –
· UL: Carrier indicator, UL/SUL indicator, Precoding information and number of layers, CBG transmission
· information (CBGTI), 2nd downlink assignment index, PTRS-DMRS association, SCell dormancy indication.
· DL: Carrier indicator, UL/SUL indicator, Modulation and coding scheme for TB1, New data indicator for TB1, Redundancy version for TB1, SCell dormancy indication, CBG transmission information (CBGTI), CBG flushing out information (CBGFI).
· Introduce new RRC parameters to indicate the RV sequence used for PDSCH/PUSCH transmission in compact DCI formats applicable to RedCap UE.
· Redcap UE always assume MCS/NDI/RV of TB2 is not presence to avoid the need of RRC signaling.
· Reduce MCS field by 1-2 bits for DCI format x_2 for RedCap UEs due to small TB size. This is similar as eMTC.
In our understanding, DCI fields that are not necessary for RedCap UE can already be reduced to 0 bit by configuration. Therefore, there is no need to further consider removing these fields as proposed above. With respect to the introduction of new RRC parameters to indicate the RV sequence used for PDSCH/PUSCH transmission in compact DCI formats applicable to RedCap UE, we do not think it is necessary to further optimize the compact DCI for RedCap, given that it is optionally supported.
We therefore propose that DCI optimization is not considered at least for reduced number of Rx branches and PDCCH blocking.
Proposal 3: DCI optimization is not considered at least for reduced number of Rx branches and PDCCH blocking.
Others
Several other aspects were also considered in RAN1#106-e as shown in the table below. Our preferences are captured in the table. 
	Issue
	Preference

	To refine coverage recovery of RedCap UE in idle/inactive state, SS-RSRP measurements can be compressed and reported in msg3 (or msgA payload, if 2-step RACH is supported).
	There is no need for such measurement report given that downlink coverage is not an issue

	RedCap UEs specific RSRP thresholds are configured by gNB for SSB and UL carrier selection for performing random access.
	This is RAN2/RAN4 issue and should be left to RAN2/RAN4 to decide.

	Measurement related thresholds are configured specifically for RedCap UEs with reduced Rx branches number
	

	For the IE of maxNumber MIMO-Layers PDSCH in TR 38.822, change the description such that it is mandatory with capability signalling to support at least 1 MIMO layer in both FR1 and FR2 for RedCap
	This is RAN2 issue and should be left to RAN2 to decide.

	Define separate value set for the IE of MIMO-LayersDL in TS 38.331
	



Maximum number of DL MIMO layers
The WI states that for a RedCap UE with 2 Rx branches, 2 DL MIMO layers are supported. In addiiton, for a RedCap UE with 1 Rx branch, 1 DL MIMO is supported. Thus, the number of supported DL MIMO layer is directly dependent on the number of Rx branches. During initial access and in idle mode, all downlink transmission uses a single layer, so there is no issue. In connected mode, UE capability is known and the gNB can handle each UE type appropriately. In addition, it has been agreed that the existing capability parameter maxNumberMIMO-LayersPDSCH will be used by the UE to report the maximum number of DL MIMO layers supported by the UE. Therefore, there is no RAN1 specification impact for RedCap UE supporting 1 or 2 downlink MIMO layer.
In RAN1#104-e, two potential optimizations were noted for further study – DCI fields/formats, and CSI measurement/reporting. In RAN1#105-e, it was agreed that modifications to CSI measurement and/or reporting mechanisms are not pursued in Rel-17. With respect to DCI field optimization, it has been proposed that the the size of the antenna port fields in DCI 1_1 can be reduced by at least 1 bit for UE with 1 Rx branch. This, however, is a small optimization and unlikely to improve PDCCH detection performance meaningfully. In addition, there could be a mixture of RedCap UEs with 1 or 2 Rx branches in the network and it would simplify implementation if the same DCI size is used. Therefore, it is proposed that there is no need to optimize DCI size for RedCap UE.
Proposal 4: There is no need to optimize DCI fields/formats for RedCap UE supporting 1 DL MIMO layer.
[bookmark: _Hlk4137067][bookmark: _Hlk520894743][bookmark: _Hlk7596973]Maximum modulation order
Agreements related to default and optional MCS and CQI tables were reached in RAN1#105-e. In addition, de-coupling of capabilities for the optional tables were also agreed. One issue discussed in [3] was the optional support for 256-QAM in the uplink. In our view, there is no need to prohibit RedCap UE from optionally supporting 256-QAM in the uplink. Furthermore, if UE supports 256-QAM in the uplink, it should naturally support the 256-QAM MCS table for PUSCH. This issue can be revisited as part of the capability discussion.
Another issue mentioned in how UE will indicate support for 256-QAM in the downlink. Here, it should be straightforward to reuse existing capability parameters pdsch-256QAM-FR1 or pdsch-256QAM-FR2. There is no need to introduce new parameters.
In term of support of low-SE MCS table, it has also been proposed that such a feature should be coupled with support for PDSCH/PUSCH slot aggregation. In our views, there is no need to couple the two features together and they can be independently supported by the UE. This issue, however, can be revisited as part of the capability discussion.
L2 Buffer Size Reduction
In [6], RAN2 sent RAN1 an LS about L2 buffer size reduction for RedCap UE. In the LS, RAN2 respectfully ask RAN1 to discuss L2 buffer size reduction and provide feedback to RAN2. In [2], the following conclusion was made with respect to reduction of L2 buffer size –
According to the calculation in TS 38.306, with peak data rate reductions, L2 buffer requirements for RedCap UEs are implicitly reduced accordingly. Benefits and feasibility of further reduction requires evaluation in normative phase if it is to be considered.
The WID, however, does not include an explicit objective to reduce L2 buffer size. In RAN1#106-e, the issue of scaling factor was discussed. Scaling factor can be used to scale down the maximum throughput of UEs as some use cases such as industrial sensors do not require peak rates that can be supported by RedCap UE. The maximum data rate determination is given by –


where  is the scaling factor and can take the values 1, 0.8, 0.75, and 0.4. This would allow a reduction in L2 buffer size and also potentially HARQ soft buffer requirements. In general, the proponents would like to support lower scaling factor values (e.g. 0.1, 0.2). In addition, it was also proposed to relax the constraints on  as applicable for single carrier SA operation (i.e. no smaller than 4).
In our view, a better approach to reduce L2 buffer and soft buffer requirements would be via maximum TBS restriction and/or reduction in number of HARQ processes. In the study item phase, both techniques were considered but not adopted. Since complexity saving due to scaling factor is not expected to be meaningful, our first preference is to not support scaling factor for RedCap UE. L2 buffer size reduction via scaling factor may also introduce additional complexity in the network as the scheduler needs to be aware of the maximum data rate and adjust the allocation accordingly. Our second preference is to reuse the Rel-15 specification if scaling is supported and not to introduce smaller values of scaling factor nor to remove or relax the Rel-15 constraint.
Proposal 5: With respect to the use of scaling factor for L2 buffer size reduction, our preference is to not support scaling factor for RedCap UE. However, if scaling factor is to be supported, our preference is to reuse existing specification.
DCI Formats
In RAN1#106-e, DCI formats were discussed. The FL’s proposal was to optionally support at least DCI 2_0/2_1/2_2/2_3. In our view, DCI format discussion should be taken together with UE capability discussion. In the previous RAN2 meeting, RAN2 has agreed not to support IAB functionality for RedCap UE. Therefore, DCI format 2_5 should not be supported. In addition, it has been agreed in RAN#93 that V2X can be supported but there will not be any specification updates related to V2X. Thus, this means that DCI formats 3_0/3_1 are not ruled out. However, we prefer to discuss DCI as part of the UE capability discussion. We therefore make the following proposal –
Proposal 6: Supported DCI formats should be considered as part of UE capability discussion. However, as RAN2 has agreed not to support IAB functionality for RedCap UE, there is no need to support DCI 2_5 in Rel-17.
Conclusions
In this contribution, we consider other remaining aspects of UE complexity reduction and make the following proposals –
Proposal 1: Existing solutions can be used to mitigate PDCCH blocking if needed and no new solution is needed to address PDCCH blocking. 
Proposal 2: Additional CORESET in separate initial DL BWP should be considered under Agenda 8.6.1.1. 
Proposal 3: DCI optimization is not considered at least for reduced number of Rx branches and PDCCH blocking.
Proposal 4: There is no need to optimize DCI fields/formats for RedCap UE supporting 1 DL MIMO layer.
Proposal 5: With respect to the use of scaling factor for L2 buffer size reduction, our preference is to not support scaling factor for RedCap UE. However, if scaling factor is to be supported, our preference is to reuse existing specification.
Proposal 6: Supported DCI formats should be considered as part of UE capability discussion. However, as RAN2 has agreed not to support IAB functionality for RedCap UE, there is no need to support DCI 2_5 in Rel-17.
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