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1 Introduction
In RAN#86 meeting, a new SID was agreed to study reduced UE capability in Rel-17 for industrial wireless sensor, video surveillance, and wearables scenarios. The latest SID includes the following objective:
	· Identify and study potential UE complexity reduction features, including [RAN1, RAN2]: 

•
 Reduced number of UE RX/TX antennas

•
 UE Bandwidth reduction 

Note: Rel-15 SSB bandwidth should be reused and L1 changes minimized 

•
 Half-Duplex-FDD 

•
 Relaxed UE processing time 

•
 Relaxed UE processing capability 

The study includes evaluations of the impact to coverage, network capacity and spectral efficiency
· 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 [RAN2, RAN1].


In this contribution, we discuss UE capability definition for REDCAP UE.
2 Discussion
2.1 Discussion on UE complexity reduction features
According to the study item on support of reduced capability NR devices [1], industrial wireless sensors, video surveillance and wearables are identified as three main use cases for which generic requirements lie as follows.
Generic requirements:

· Device complexity: Main motivation for the new device type is to lower the device cost and complexity as compared to high-end eMBB and URLLC devices of Rel-15/Rel-16. This is especially the case for industrial sensors. 

· Device size: Requirement for most use cases is that the standard enables a device design with compact form factor. 

· Deployment scenarios: System should support all FR1/FR2 bands for FDD and TDD.

For satisfying the requirement on lowering the device cost and complexity, one objective of the SID is to investigate potential UE complexity reduction features involving five aspects—antenna number, bandwidth, HD-FDD, UE processing time and UE processing capability. All of them are related to RAN1, and the processing time also is related to RAN2 with considering the UE processing delay of RRC procedures. UE processing delay of RRC procedures is defined as the time in [ms] from the end of reception of the network -> UE message on the UE physical layer up to when the UE shall be ready for the reception of uplink grant for the UE -> network response message with no access delay other than the TTI-alignment (e.g. excluding delays caused by scheduling, the random access procedure or physical layer synchronisation), as illustrated by the following figure.
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The RRC procedure delay requirement of almost all DL RRC procedures is specified in TS 38.331. The processing delay requirement for RRC reconfiguration (without scell or SCG related action), RRC setup, RRC re-establishment, normal RRC resume is 10ms. The processing delay requirement for RRC reconfiguration (with scell or SCG related actions) and RRC resume (with scell addition) is 16ms. The processing delay requirement for initial AS security activation and counter check is 5ms. The processing delay requirement for UE capability transfer is 80ms. The relaxation of RRC processing delay will lead to longer RRC configuration fuzzy time, which is not beneficial for the resource scheduling efficiency of the network. Moreover, the necessity to relax processing time is not clear, and the advantage on the cost saving arising from relaxed RRC processing delay seems trivial compared to other capability reductions. Therefore, it is proposed that it is not needed to relax RRC procedure processing delay requirement for REDCAP UE.
Proposal 1: It is not needed to relax RRC procedure processing delay requirement for REDCAP UE.
2.2 UE capability definition for REDCAP UE
As stated in SID, the feature and parameter list of REDCAP UE should be studied to serve the three intended use cases [1]: industrial wireless sensor, video surveillance, wearable. How many device type should be defined is not decided currently. One may propose more REDCAP types for more different use case requirements. However, one unique set of UE implementation/property on high level is preferred from perspective of facilitating the economies scale, avoiding the market fragmentation, and in turn reducing the device cost. 
Proposal 2: Consider to define one UE type for REDCAP UE (e.g. NR-REDCAP UE), which is an explicit indicator as part of UE capability.
For the following capabilities, whether to reduce is up to RAN1 to decide:

•
 Reduced number of UE RX/TX antennas

•
 UE Bandwidth reduction 

•
 Half-Duplex-FDD 

•
 Relaxed UE processing time (PDSCH and PUSCH related processing time)

•
 Relaxed UE processing capability 

· Antenna number

According to the requirement in TS 38.101 [2], the UE is required to be equipped with a minimum of two Rx antenna ports in all operating bands except for the bands n7, n38, n41, n77, n78, n79 where the UE is required to be equipped with a minimum of four Rx antenna ports. While for UL, the minimum number of Tx antenna ports can be one given that UL-MIMO is not mandatory. In the current NR capability framework, the UE supported Tx/Rx antenna number is implicitly reflected by DL/UL MIMO layer and SRS antenna port. For instance, the UE is mandatory to support at least 4 MIMO layers in the bands where a minimum of 4Rx is required, which in turn suggests that a signalled four-layer DL-MIMO capability indicates that the UE can support up to four Rx antenna ports. 
Although it is under discussion whether to reduce the minimum required Rx antenna ports for REDCAP UEs, the current capability mechanism can still work.
Observation 1: The current NR capability framework can be reused for antenna number capability indication of REDCAP UEs, i.e., implicitly indicated by DL/UL MIMO layer and SRS antenna port.

· Bandwidth

For bandwidth reduction, it has been agreed that the maximum bandwidth of REDCAP is relaxed at least to 20M for FR1. In the current bandwidth capability reporting mechanism, the 100MHz channel bandwidth for FR1 is mandatory without capability signalling. Hence, it is necessary to indicate 100M not mandatory for REDCAP UE.

Proposal 3: Study how to indicate 100M bandwidth being not mandatory for REDCAP UE.
For other capabilities, most of the reduced features can be supported by the current NR capability framework. The capabilities that may need to be updated has been summarized by the table in Section 5 as an appendix.
3 Conclusion

In this contribution, we discussed UE capability definition for REDCAP UE. Corresponding observation and proposals are listed as follows:

Observation 1: The current NR capability framework can be reused for antenna number capability indication of REDCAP UEs, i.e., implicitly indicated by DL/UL MIMO layer and SRS antenna port.

Proposal 1: It is not needed to relax RRC procedure processing delay requirement for REDCAP UE. 
Proposal 2: Consider to define one UE type for REDCAP UE (e.g. NR-REDCAP UE), which is an explicit indicator as part of UE capability.
Proposal 3: Study how to indicate 100M bandwidth being not mandatory for REDCAP UE.
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5 Appendix 

	Potential UE complexity reduction features in SID
	The situation in NR capability framework
	UE capability framework for REDCAP UE 

	
	
	Reuse NR capability 
	Redefine for REDCAP UE

	Antenna number
	Implicit by DL,UL MIMO layer, and
SRS antenna port
	Implicit by DL, UL MIMO layer, and
SRS antenna port
	

	Bandwidth
	Bitmap indication, 100M Mandatory
	Reuse bitmap indication to indicate the bandwidth value
	Not mandatory to support 100M bandwidth

	HD-FDD
	NULL
	
	Pending on RAN1 discussion

	Relaxation on processing Time 
	pdsch-ProcessingType1, pusch-ProcessingType1, mandatory; 
pdsch-ProcessingType2, pusch-ProcessingType2, optional
	Reuse pdsch-ProcessingType1, pusch-ProcessingType1 mandatory 
	Pending on RAN1 discussion

	Relaxation on processing capability 
	Modulation
	QPSK, 16QAM, 64QAM for UL and DL, mandatory ; 256QAM, optional 
	Reuse, 64QAM mandatory
	

	
	HARQ process number
	NULL, 16 mandatory; 
	
	Pending on RAN1 discussion

	
	maximum TBS（DATA rate）
	Implicit by supportedModulationOrderUL, supportedModulationOrderDL, scalingFactor
	Reuse supportedModulationOrderUL, supportedModulationOrderDL, scalingFactor
	

	
	CA
	Implicit by the number of CC per band
	 Single CC in each band in each BC
	

	
	PDCCH complexity
	NULL,  the maximum number of monitored PDCCH candidates per slot is specified in 38.213 
	
	Pending on RAN1 discussion

	SUL
	Implicit by band combination
	Implicit by band combination
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