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Introduction
A study item on complexity reduction for NR UE devices was approved at RAN#86, including the following objectives related to UE power saving and battery lifetime enhancements (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


The SID is generally concerned with defining reduced capability NR devices, allowing NR to be applied to new use cases. New use cases include wearable devices and Industrial Wireless Sensor Network (IWSN) sensors. Given that wearables and IWSN sensors may have severe form factor or battery lifetime restrictions, they are usually battery-constrained. In order to enable the wearable and ISWN use cases, 3GPP needs to address both reduced device capability and battery lifetime enhancement. Hence, in addition to considering reduced capability NR devices, the SID also considers battery lifetime enhancement for NR devices.
There are a range of schemes that reduce PDCCH monitoring, from simple reduction of blind decoding candidates in a slot through to DRX-based schemes, where in DRX-based schemes, the UE only monitors PDCCH when the OnDurationTimer is running.
This Tdoc considers battery lifetime enhancement for reduced capability NR devices, considering schemes that lead to a reduction in PDCCH monitoring.

Techniques to reduce PDCCH monitoring
PDCCH search space reduction
In PDCCH search space reduction [3], the number of blind decoding candidates is reduced. Reduction of the number of candidates was shown to provide a power saving gain in the region of 10-20% when the number of candidates is reduced from 32 to 16, or in the extreme from 32 to 2. If the maximum number of candidates is part of a reduced capability, the reduction in PDCCH blind decoding will directly reduce complexity in addition to saving power.
PDCCH search space reduction potentially has some negative system aspects. In [3], the following negative system impacts were observed:
· The proportion of lower aggregation level candidates will be reduced. In order to maintain coverage, the gNB will have to maintain candidates with the higher aggregation level and instead “prune” lower aggregation level candidates. Use of higher aggregation levels is less efficient.
· The multiplexing capability of the gNodeB will be reduced when there are fewer available possibilities for assigning a PDCCH to a candidate in the search space. Limitations on the multiplexing capability increase the blocking probability.

Proposal 1: The study considers the impact that PDCCH search space reduction has on PDCCH efficiency and blocking probability.

PDCCH skipping
There are various proposals for PDCCH skipping, but PDCCH skipping generally entails not monitoring PDCCH for a time period either by DCI signalling or via a time-out [5]. Hence the times at which PDCCH is not monitored are varied dynamically (as opposed to defining some semi-static PDCCH monitoring periodicity that does not dynamically adapt to traffic). The power saving of PDCCH skipping depends on the particular scheme being proposed and the evaluation assumptions / traffic model that are used to analyse the scheme ([2] indicates power saving gains in the range of 9%-83%). [5] reports a power saving gain of 20-30% for DCI-based and time-out-based PDCCH skipping schemes and we think that this a reasonably realistic power saving gain for a realistically configured PDCCH-skipping scheme. 

Proposal 2: The study considers PDCCH skipping as a technique for reducing PDCCH blind decoding.

Dynamic DRX configuration
This section considers dynamically changing the DRX configuration by physical layer signaling. For example, the physical layer signaling could dynamically change the rate of PDCCH monitoring or DRX configuration etc.   
In Rel-16, DRX parameters are typically configured by RRC at connection setup and while they can be reconfigured over time, this RRC configuration / reconfiguration process is rather slow. This reconfiguration can be performed in response to a preferred UE DRX configuration being signaled by the UE to the network as UE assistance information. The slow nature of RRC configuration / reconfiguration  may make the network reticent to change DRX parameters and as a result, the UE rate of PDCCH monitoring may not be tailored towards its current traffic pattern and buffer state, resulting in the UE unnecessarily monitoring a large number of PDCCH that never actually schedule the UE. 
Hence we propose to study dynamic DRX configuration in the study item, where the objective of the dynamic DRX configuration is to reduce the UE “idle” PDCCH monitoring, particularly when there is no traffic between the UE and network. 
To facilitate a UE performing dynamic DRX operation, we propose an L1 dynamic signaling mechanism where the configuration of the inactivity timer and DRX cycles in connected mode can be easily and quickly adapted based on the traffic for the UE or network conditions. Controlling the inactivity timer and configuration of the DRX cycles alters the amount of PDCCH monitoring performed by the UE. The L1 dynamic signalling can be used for the activation/selection of an active DRX configuration that had previously been configured by RRC signalling. The L1 dynamic signaling could be sent via DCI after the main part of data transmission is terminated, either in DL or UL.
Figure 1 illustrates a comparison of the existing (legacy) solution with the dynamic DRX configuration scheme that we propose to study. In this Figure 1, t1 and t2 are ”off” and “on” time periods, where the UE monitors PDCCH during the “on” time periods. RRC can configure pairs of values of {t1,t2} in a table and a DCI can be sent to indicate to the UE an index into that table. 
The figure shows “config 1”, which would be appropriate for a first traffic model (e.g. FTP-like traffic), and “config 2”, which would be appropriate for a second traffic model (e.g. HTTP-like traffic). These two traffic models could for instance be supported by a wearable “smartwatch” device, where a music-file download appears like FTP traffic and a fitness application appears like HTTP traffic. After some of the data packets of the traffic stream have been transmitted (and assuming the gNodeB is aware of the traffic type, e.g. via deep packet inspection or QCI), the gNodeB sends a DCI to the UE to indicate whether to apply “config 1” DRX / PDCCH monitoring (e.g. if the traffic is FTP) or to apply “config 2” DRX / PDCCH monitoring (e.g. if the traffic is HTTP).
As can be seen from the above description, with the proposed functionality the DRX cycle can be dynamically configured based on the traffic type. Through this, the unnecessary energy cost of PDCCH channel monitoring can be reduced. The control of the PDCCH monitoring can be done per UE by the base station, and the network can tailor a monitoring configuration based on the current UE traffic pattern. This gives a significantly more tailored UE receiver activity period depending on each UE traffic pattern compared to the legacy RRC based signaling, and therefore the amount of unnecessary PDCCH monitoring can be reduced or eliminated.


[bookmark: _Ref528921594]Figure 1 – DCI control of DRX configuration / PDCCH monitoring

The power saving performance of dynamic DRX configuration was analysed and the results were noted in TR38.840 [2], where it was noted that a power saving gain of 48% was observed for the given evaluation assumptions. Further details on the evaluation are available in [4].
Proposal 3: Study DCI-controlled reduced PDCCH monitoring and adaptive DRX configuration.

Semi-static ways to reduce PDCCH monitoring were also considered in [4]. For example, the rate of PDCCH monitoring could be changed as a function of operation of the inactivity timer or as a function of short DRX cycle operation. Such techniques may also be considered.


Conclusion
This document has considered issues related to battery lifetime enhancement for NR devices through reduction of PDCCH monitoring. The following proposals are made:
Proposal 1: The study considers the impact that PDCCH search space reduction has on PDCCH efficiency and blocking probability.
[bookmark: _GoBack]Proposal 2: The study considers PDCCH skipping as a technique for reducing PDCCH blind decoding.
Proposal 3: Study DCI-controlled reduced PDCCH monitoring and adaptive DRX configuration.
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