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Introduction
[bookmark: _Hlk40263883]A study item on complexity reduction for NR UE devices was approved at RAN#86, with the following objectives [1] (aspects that are less relevant for this agenda item are de-emphasised):
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 

Note1: The work defined above should not overlap with LPWA use cases. The lowest capability considered should be no less than an LTE Category 1bis modem.
Study UE power saving and battery lifetime enhancement for reduced capability UEs in applicable use cases (e.g. delay tolerant) [RAN2, RAN1]: 
· Reduced PDCCH monitoring by smaller numbers of blind decodes and CCE limits [RAN1].
· Extended DRX for RRC Inactive and/or Idle [RAN2]
· RRM relaxation for stationary devices [RAN2]
Study functionality that will enable the performance degradation of such complexity reduction to be mitigated or limited, including [RAN1]:
· 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 [RAN2, RAN1].
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 [RAN2, RAN1].
Note2: Potential overlap with coverage enhancements study is discussed and resolved in RAN#87.
[bookmark: _Hlk26857702]Note3: Coexistence with Rel-15 and Rel-16 UE should be ensured
Note4: This SI should focus on SA mode and single connectivity

This document provides our initial view on potential complexity reduction techniques for NR, considering that there is a need for more than one type of reduced complexity NR UE device.



Types of reduced capability device
While the SID envisages that there might be more than one type / capability of reduced capability NR UE device, it is desirable if there is only a limited number of different reduced capability categories. We envisage a broad split between three types of device [2] :
· Higher data rate, uplink-oriented devices. Examples include video surveillance cameras.
· Lower data rate, mobile, battery and form factor-constrained devices. Examples include smart watches and health monitors.
· Lower data rate, static, battery constrained devices. Examples include IWSN sensors
These types of reduced capability device have different requirements, as described in Table 1.
[bookmark: _Ref40087418]Table 1 – Requirements for different types of reduced capability device
	Aspect
	Video camera
	Smartwatch
	IWSN

	Data rate
	UL: 150Mbps
DL: 10Mbps
	UL: 10Mbps
DL: 10Mbps
	2Mbps

	Form factor
	Not constrained. Assume form factor is of the order of a smart phone
	Small.
	Small / medium

	Power consumption
	Mains powered, hence unconstrained power consumption
	Assume 200mAh battery
	Up to 5Wh battery

	Transmit power
	23dBm
	≤ 20dBm
	≤ 20dBm

	Mobility
	Static
	Mobile
	Static

	Latency
	<500ms
	[<100ms]
	<100ms



Complexity reduction techniques
Some complexity reduction techniques have already been identified in the SID and these should be studied. Our initial views on these complexity reduction techniques are given in [1].
[bookmark: _Ref40105435]Table 2 – Complexity reduction techniques identified in SID
	Technique
	Details

	Reduced number of TX / RX antennas
	Single TX / RX antenna or module. Single antenna systems are particularly relevant in the smartwatch form factor, where there is a form factor limitation. Reducing the number of antennas can also take the form of reducing the number of panels and / or elements, which may affect UE antenna gain and half power beamwidth (HPBW).

	UE bandwidth reduction
	Bandwidth reduction was shown to reduced complexity in the LTE-MTC studies [3] and is expected to reduce complexity in terms of front-end signal processing in NR too. The minimum supported bandwidth should be aligned with SSB bandwidth:

	SCS
	Minimum bandwidth

	15kHz
	3.6MHz

	30kHz
	7.2MHz

	60kHz
	N/A

	120kHz
	28.8MHz

	240kHz
	57.6MHz



The SS block numerology is often defined in a band-dependent manner. 

The SS block numerology may be different to the numerology of other signals / channels within the NR carrier. However the overall bandwidth capability should be defined by the SSB bandwidth, not the number of subcarriers in the SSB. 

Instead of defining multiple reduced capabilities on an SSB-bandwidth by SSB-bandwidth basis, we propose to set a bandwidth capability for FR1 and a bandwidth capability for FR2, as follows:

FR1: 10MHz
FR2: 60MHz


	Half-duplex FDD
	Half duplex operation reduces complexity through the replacement of duplexers with switches. It also improves power consumption and / or maximum transmitted power since there is less insertion loss in the transmitter chain. Efficient UL power transmission is of particular importance for wearables devices which are constrained via a small battery size.

	Relaxed UE processing time
	Complexity can be reduced by less stringent requirements on processing, including:
· PDCCH to PDSCH timing. This can reduce PDCCH processing complexity
· PDSCH to PUCCH processing timing. This can reduce PDSCH processing complexity
· PDCCH to PUSCH processing timing. This can reduce both PDCCH processing complexity and PUSCH processing complexity (at both PHY and MAC layers)

Relaxing UE processing time is likely to impact latency. The expected latency impact on applications such as video cameras and wearables are likely be minimal, but would be greater for more time critical applications such as simple robotics. IWSN sensors are considered to have relaxed latency requirements [2].

	Relaxed UE processing capability
	The relaxed UE processing capability relates to the device throughput and HARQ buffer size. 

The UE capabilities for data throughput should be based on the requirements for the envisaged applications (video cameras, wearables and IWSN sensors). The UE processing capability / throughput should be compatible with other reduced complexity device capabilities (such as the device bandwidth).

The HARQ soft buffer memory requirements can have a significant effect on UE complexity. Reducing HARQ buffer size may impact UE coverage and system capacity.


	SA mode
	A single RAT UE (in standalone mode) is less complex than a multi-RAT UE. The number of RATs supported by the UE is an implementation choice. In any case, since this is an NR study, 3GPP does not need to consider other RATs in this study.

Consideration of single RAT is a pre-requisite of the study item and doesn’t need further consideration (although it does provide a baseline for UE complexity). 

	Single connectivity
	The SID assumes single connectivity rather than dual connectivity.



Based on Table 2, the following proposals are made:
Proposal 1: Single TX antenna (panel) / single RX antenna (panel) UEs are studied.
Proposal 2: For FR1, a UE bandwidth of 10MHz is studied. For FR2, a UE bandwidth of 60MHz is studied.
Proposal 3: Enhancements for the support of NR half-duplex operation are studied.
Proposal 4: Relaxed processing time requirements are considered for PDCCH to PDSCH timing, PDSCH to PUCCH timing and PDCCH to PUSCH timing.
Proposal 5: For relaxation of UE processing capability, peak data rates of {UL: 150Mbps, DL: 10Mbps} and {UL: 10Mbps, DL: 10Mbps} are studied.
Proposal 6: For relaxation of UE processing capability, reduction of HARQ buffer size is considered.

Beyond the techniques that were identified in the SID, Table 3 describes some other complexity reduction techniques that should be considered in the study item.
[bookmark: _Ref40102935]Table 3 - Additional complexity reduction techniques
	Technique
	Comment

	Lower transmit power
	Lower transmit power reduces RF cost and complexity. It is also useful for small form factor devices, such as wearables, that are both form factor and battery-constrained. A small form factor device could have stricter thermal constraints. A device with a smaller battery is constrained in terms of the peak current that can be delivered, hence limiting the possible peak transmit power.

While transmit power reduction can impact coverage, for use cases such as IWSN, where ISD may be small, coverage may not be problematic in the first place. Transmit power reduction may hence be more applicable for some use cases than others.

	Modulation scheme
	Relaxing the requirements on supported modulation schemes can allow for relaxed performance requirements, allowing for a decrease in UE complexity. 

Limits on modulation scheme also imply that fewer soft bits need to be stored and processed by the UE (where the number of soft bits in a transmission is related to the number of PRBs decoded, number of OFDM symbols decoded and the modulation scheme)

	[bookmark: _Hlk40361744]Relaxed spherical coverage requirements in FR2
	Relaxed spherical coverage would allow UE implementations with fewer antenna panels, or would ease the constraints on antenna panel placement in some devices with constrained form factors. The spherical coverage requirements themselves should be considered in RAN4, but any coverage impairment from the relaxation might have to be mitigated by RAN1.

	UE feature list
	Rel-16 NR supports a large number of optional items. A limited feature list for a reduced capability NR device would reduce complexity. In terms of avoiding market fragmentation and increasing economies of scale, it would be helpful if 3GPP determined sets of UE features that constituted a “category” for a reduced capability NR UE. RAN1 should at least consider categories that are appropriate for video camera applications, IWSN sensors and wearable applications. 

The UE feature list discussion can happen towards the end of the reduced capability NR UE study item or associated work item, once all of the features appropriate to a reduced capability NR UE are known.  




Proposal 7: Lower UE transmit power requirements are studied.
Proposal 8: Restrictions on supported modulation scheme are considered.
Proposal 9: Towards the end of the study item, as part of UE feature list discussions, RAN1 considers categories of UE features that are suitable for video camera-class applications and wearables-class applications.

Conclusion
[bookmark: _GoBack]This document has considered issues related to cross-slot scheduling for UE power saving, focusing on potential complexity reduction techniques. The following proposals are made:
 Proposal 1: Single TX antenna (panel) / single RX antenna (panel) UEs are studied.
Proposal 2: For FR1, a UE bandwidth of 10MHz is studied. For FR2, a UE bandwidth of 60MHz is studied.
Proposal 3: Enhancements for the support of NR half-duplex operation are studied.
Proposal 4: Relaxed processing time requirements are considered for PDCCH to PDSCH timing, PDSCH to PUCCH timing and PDCCH to PUSCH timing.
Proposal 5: For relaxation of UE processing capability, peak data rates of {UL: 150Mbps, DL: 10Mbps} and {UL: 10Mbps, DL: 10Mbps} are studied.
Proposal 6: For relaxation of UE processing capability, reduction of HARQ buffer size is considered.
Proposal 7: Lower UE transmit power requirements are studied.
Proposal 8: Restrictions on supported modulation scheme are considered.
Proposal 9: Towards the end of the study item, as part of UE feature list discussions, RAN1 considers categories of UE features that are suitable for video camera-class applications and wearables-class applications.
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