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1 Introduction

For SID to support reduced capability NR devices [1], the objectives of the study include the following:

· Identify and study potential UE complexity reduction features, including: 

· Reduced number of UE RX/TX antennas

· UE Bandwidth reduction 

· Half-Duplex-FDD 

· Relaxed UE processing time 

· Relaxed UE processing capability 

· Study UE power saving and battery lifetime enhancement for reduced capability UEs in applicable use cases (e.g. delay tolerant): 

· Reduced PDCCH monitoring by smaller numbers of blind decodes and CCE limits.

· Extended DRX for RRC Inactive and/or Idle 

· RRM relaxation for stationary devices 

· Study functionality that will enable the performance degradation of such complexity reduction to be mitigated or limited, including Coverage recovery to compensate for potential coverage reduction due to the device complexity reduction. 
· Study standardization framework and principles for how to define and constrain such reduced capabilities – considering definition of a limited set of one or more device types and considering how to ensure those device types are only used for the intended use cases.

· Study functionality that will allow devices with reduced capabilities to be explicitly identifiable to networks and network operators, and allow operators to restrict their access, if desired.

From RAN1#101-e, discussion was started from high level evaluation methodology. Simulation assumptions were further discussed during RAN1#102-e, together with some analysis of candidate technologies. In RAN1 #103 e-meeting, cost reduction, performance impact, coexistence impact and specification impact of potential UE complexity reduction features were further discussed. According to the agreements in RAN1 #103-e, the following reduced capability features are pending for decision in RAN plenary meeting.
Agreements (RAN1 #103-e):

· For FR1 FDD bands where a non-RedCap UE is required to be equipped with a minimum of 2 Rx branches,

· For a RedCap UE with 1 Rx branch, the maximum number of DL MIMO layers is 1.

· For a RedCap UE with 2 Rx branches, the maximum number of DL MIMO layers is M. Down-select between the following during the WI phase or at RAN plenary

· Option 1: M=1, where M=2 is also supported
· Option 2: M=2

· For FR1 TDD bands where a non-RedCap UE is required to be equipped with a minimum of 4 Rx branches, the minimum number of Rx branches supported by specification for a RedCap UE is N. To be down-selected during the WI phase or at RAN plenary:

· Alt 1: N=2

· Alt 2: N=1, where N=2 is also supported 

· For FR1 TDD bands where a non-RedCap UE is required to be equipped with a minimum of 4 Rx branches,

· For a RedCap UE with 1 Rx branch (if supported), the maximum number of DL MIMO layers is 1.

· For a RedCap UE with 2 Rx branches, the maximum number of DL MIMO layers is M. Down-select between the following options during the WI phase or at RAN plenary

· Option 1: M=1, where M=2 is also supported
· Option 2: M=2

· For FR2 bands where a non-RedCap UE is required to be equipped with a minimum of 2 Rx branches,

· For a RedCap UE with 1 Rx branch (if supported), the maximum number of DL MIMO layers is 1.

· For a RedCap UE with 2 Rx branches (if supported), the maximum number of DL MIMO layers is M. Down-select between the following options during the WI phase or at RAN plenary:

· Option 1: M=1, where M=2 is also supported
· Option 2: M=2
· Decide at RAN plenary whether to support relaxed UE processing time in terms of N1/N2 by specification for a RedCap UE.
· Decide at RAN plenary whether to have support FD-FDD or HD-FDD type A or both by specification for an FR1 FDD RedCap UE

In this contribution, we discuss the WI scope of support of reduced capability NR devices.

2 Discussion

2.1 UE complexity reduction features
Following are the potential UE complexity reduction features:.  
· Reduced number of UE RX/TX antennas

· UE Bandwidth reduction 

· Half-Duplex-FDD 

· Relaxed UE processing time 

· Relaxed UE processing capability 

UE bandwidth reduction and reduced number of UE RX/TX antennas provide significant relative cost reduction. UE bandwidth reduction and reduced number of UE RX/TX antennas should be prioritized in the WI of support of reduced capability NR devices.

Reduced number of UE RX/TX antennas is a key UE complexity reduction feature for a RedCap UE. According to Table 7.2.2-1 of [2], the average estimated cost reduction achieved by reducing the number of UE Rx branches for FR1 TDD are as follows:

· FR1 TDD (4Rx ( 2Rx): ~31%

· FR1 TDD (4Rx ( 1Rx): ~46%

Compared with 2Rx branches, reducing the number of Rx branches to 1Rx can provide additional 15% relative cost reduction. As evaluated in coverage recovery topic, if the number of Rx branches for a FR1 TDD RedCap UE is reduced from 4 to 1, the amount of degradation of downlink coverage may be moderate. For FR1 TDD, as a compromise, the minimum number of Rx branches for a RedCap UE can be set to 1 or 2, i.e.  N= 1 and N=2 are both supported by specification. .

Proposal 1: For FR1 TDD bands where a non-RedCap UE is required to be equipped with a minimum of 4 Rx branches, the minimum number of Rx branches supported by specification for a RedCap UE is N=1, where N=2 is also supported in the spec.
According to Table 7.8.2-1 of [2], relative cost reduction for combination of (2 layers, 1 Rx) is about 24.6% for FR1 FDD. Compared to (2 layers, 1 Rx), combination of (1 layer, 1 Rx) can provide additional 12.2% cost reduction for FR1 FDD. For a RedCap UE with 2Rx branches, according to Table 7.6.2-1 of [2], cost reduction by relaxing the maximum number of MIMO layers from 2 to 1 layer is ~12% for FR1 FDD. According to [2], reducing the maximum number of MIMO layers does not impact the coverage. Reducing the maximum number of downlink MIMO layers will lower the downlink peak data rate, but the UE with reduced number of downlink MIMO layers will be able to sufficiently fulfil the peak data rate requirements for the RedCap uses cases. Besides, reducing the number of MIMO layers does not impact the latency and reliability significantly. Therefore, for a RedCap UE with 2 Rx branches, the maximum number of DL MIMO layers is M, both M=1 and M=2 are supported.
Proposal 2: For a RedCap UE with 2 Rx branches, the maximum number of DL MIMO layers is M. 

· M=1, where M=2 is also supported

For potential UE complexity reduction features, whether to support relaxed UE processing time in terms of N1/N2 and whether to support HD-FDD type A for a Redcap UE are still pending. According to Table 7.4.2-1 and Table 7.5.2-1 of [2], the average estimated cost reduction of relaxed UE processing time in terms of N1/N2 is ~6% while the average estimated cost reduction of HD-FDD type A is ~7%. Considering the limited TU to be allocated to WI of support of reduced capability NR devices and the cost reduction gain is not significant, HD-FDD and relaxed processing time features are not recommended to be supported in Rel-17. 
Proposal 3: HD-FDD type A and relaxed processing time features are not recommended to be supported for RedCap UEs in Rel-17.

2.2 Reduced PDCCH monitoring
According to the simulation results for PDCCH monitoring reduction with same-slot scheduling, RAN1 #103-e meeting had the following observations:
For the instant message traffic model for FR1 with 2 Rx, with reducing maximum PDCCH blind decoding (i.e. 36) by 25% and 50%, the power saving gains are in the range of approximately {0.44%~6.20%} and {0.82%~12.30%}, respectively. With excluding the smallest and the largest values among sources, the mean value of power saving gain with reducing maximum PDCCH blind decoding (i.e. 36) by 25% and 50% are approximately 3.05% and 6.59%. 

For the instant message traffic model for FR2 with 2 Rx, with reducing maximum PDCCH blind decoding (i.e. 20) by 25% and 50%, the power saving gains are in the range of approximately {0.77%~6.6%} and {1.43%~13.1%}, respectively. With excluding the smallest and the largest values among sources, the mean value of power saving gain with reducing maximum PDCCH blind decoding (i.e. 20) by 25% and 50% are approximately 4.20% and 8.60%, respectively. 

Based on above observations, the power saving gain for 2Rx for IM traffic can be expected around 10% by BD reduction. For a RedCap UE with the battery life more than 1 year, 10% power saving gain may extend the battery life by more than 1 month, which is also attractive. 

Observation 1: The power saving by BD reduction for RedCap UE is still attractive.
For reduced PDCCH monitoring, three schemes are captured into section 8.2 of TR 38.875. Scheme #1 reduces the maximum number of Blind Decodings (BDs) in a slot in connected mode. Scheme #2 is extending the PDCCH monitoring gap to X slots (X>1) in connected mode. Scheme #3 is dynamic adaptation of PDCCH BD parameters in connected mode.
The current mechanism for BDs in a search space (SS) is semi-statically configured by RRC and the maximum limit is default and not configurable. Less functions require less DCI sizes and smaller BDs limit help relax PDCCH processing complexity. Furthermore, for a RedCap UE, smaller maximum limit brings more power saving. Therefore, scheme #1 for DCI sizes reduction and maximum limit reducing should be considered for PDCCH monitoring reduction.

For scheme #2, extending the minimum separation means the sparse PDCCH monitoring occasions. It can be realized by setting the SS periodicity based on the current spec. Therefore, scheme #2 can be de-prioritized.
As for scheme #3, dynamic PDCCH BD parameters include maximum number of PDCCH candidates per PDCCH monitoring occasion and minimum time separation between two consecutive PDCCH monitoring occasions. The current time separation configured by RRC is different from the dynamic separation. However, the DCI based methods for PDCCH monitoring are discussed in Rel-17 power saving, including the SS set switching and PDCCH monitoring skipping, which are a little overlapped with the dynamic separation. For the dynamic maximum number of PDCCH candidates, it can be viewed as a method of scheme #1 and can be included in scheme #1. 

Observation 2: The method of dynamic maximum number of PDCCH candidates is included in scheme #1.
Additionally, according to [2], the impact on coexistence and scheduling flexibility is also marginal if appropriate method is adopted. The PDCCH blocking rate depends on the specific methods adopted to reduce the BDs or scenarios. For example, for FR1 with no more than 3 UEs, the absolute increase of blocking rate would not be larger than 1.28%. Moreover, reducing the number of DCI sizes, modified dropping rule and the delay tolerance would help mitigate the blocking rate increasing. Therefore, some methods can be considered to compensate the blocking rate increase due to BDs reduction if needed. Considering the attractive power saving and relaxed PDCCH processing, at least scheme #1 should be included in the WI scope for PDCCH monitoring reduction.

Proposal 4: For PDCCH monitoring reduction, scheme #1 should be included in the WI scope.
2.3 Coverage recovery

In Table 1, the channels needed for coverage recovery are summarized based on the evaluation in [2]. In the following, our view on coverage recovery for these channels are provided.  
· In FR1, coverage recovery with up to 3 dB for PUSCH and Msg3 is needed considering the potential reduced antenna efficiency due to device size limitations. 
· For DL channels in FR1, it requires coverage recovery only in 4GHz Urban with 1 Rx for RedCap UE. If a minimum number of Rx branches for a RedCap UE for FR1 TDD bands is 2Rx, no coverage recovery is needed for DL channels in FR1.  Otherwise, coverage recovery for DL channels can be considered. 
· For Indoor scenario in FR2, coverage recovery is needed for Msg2/4 and PDSCH only when max TRP 23 dBm is assumed for the reference NR UE. However, current UEs in markets mainly use max TRP 12 dBm, and the situation most possibly doesn’t change in Rel-17. In addition, as discussed in coverage enhancement study item, there are more than 20 dB margin for all DL/UL channels if a target of ISD 20m is considered, i.e., no channel has coverage issues in Indoor scenario for FR2. 
Table 1: A summary of channels needed for coverage recovery
	Scenario
	Condition
	Channel needed for coverage recovery
	The amount of compensation for coverage recovery

	FR1
	-
	PUSCH and Msg3
	Up to 3 dB

	FR1, 4 GHz Urban
	RedCap UE with 1 Rx

DL PSD 24 dBm/MHz
	PDCCH CSS, Msg4 and Msg2
	[1 dB] for PDCCH CSS

[2-3 dB] for Msg4

[5-6 dB] for Msg2 without TBS scaling

	FR2, Indoor
	RedCap UE with 100MHz BW and 1Rx when max TRP 23 dBm is assumed for the reference NR UE
	Msg2/4, PDSCH
	~1dB for Msg2/4 without TBS scaling, ~3dB for PDSCH


Based on above analysis, coverage recovery is needed at least for PUSCH and Msg3. As Rel-17 coverage enhancement work item is also targeting for coverage enhancement for PUSCH and Msg3, we suggest corresponding enhancements are included in Rel-17 coverage enhancement work item. This could avoid duplicated work and potential inconsistency across different work items.  In addition, RAN1 should design a common set of coverage enhancement techniques applicable to both non-RedCap UEs and RedCap UEs. 
Observation 3: Coverage recovery for RedCap UE is needed at least for PUSCH and Msg3.  Whether coverage recovery for DL channels is needed depends on the minimum number of Rx branches for a RedCap UE.
Proposal 5: Enhancements on PUSCH and Msg3 for RedCap UE are included in Rel-17 coverage enhancement work item.  If coverage recovery is required for downlink channels, the corresponding enhancements can be also included in Rel-17 coverage enhancement WI.  
3 Conclusions

In this contribution, we share our views on WI scope of support of reduced capability NR devices. We have following observations and proposals:

Observation 1: The power saving by BD reduction for RedCap UE is still attractive.

Observation 2: The method of dynamic maximum number of PDCCH candidates is included in scheme #1.
Observation 3: Coverage recovery for RedCap UE is needed at least for PUSCH and Msg3. Whether coverage recovery for DL channels is needed depends on the minimum number of Rx branches for a RedCap UE.
Proposal 1: For FR1 TDD bands where a non-RedCap UE is required to be equipped with a minimum of 4 Rx branches, the minimum number of Rx branches supported by specification for a RedCap UE is N=1, where N=2 is also supported in the spec.
Proposal 2: For a RedCap UE with 2 Rx branches, the maximum number of DL MIMO layers is M. 

· M=1, where M=2 is also supported

Proposal 3: HD-FDD type A and relaxed processing time features are not recommended to be supported for RedCap UEs in Rel-17.

Proposal 4: For PDCCH monitoring reduction, scheme #1 should be included in the WI scope.

Proposal 5: Enhancements on PUSCH and Msg3 for RedCap UE are included in Rel-17 coverage enhancement work item.  If coverage recovery is required for downlink channels, the corresponding enhancements can be also included in Rel-17 coverage enhancement WI.  
References

[1] 3GPP, RP-201677,  Revised SID on Study on support of reduced capability NR devices, Ericsson

[2] 3GPP TR 38.875, v0.1.0

