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[bookmark: _Ref519244397]1 Introduction
The following objective has been agreed for the study item [1] on power savings in NR.1) Identify techniques for UE power saving study with focus in RRC_CONNECTED mode [RAN1, RAN2]

a) Study UE adaptation to the traffic and UE power consumption characteristics in frequency, time, antenna domains, DRX configuration, and UE processing timeline for UE power saving
(Note: existing UE capabilities are assumed for UE processing timeline)

i) Network and/or UE assistance information
ii) Include mechanism in reducing PDCCH monitoring, taking into account current DRX scheme

In this paper, we take a look at the various traffic types that an eMBB UE would typically support, and their associated characteristics and requirements. We follow it up with a discussion on the various mechanisms available in the NR ‘toolset’ which affects UE power consumption. Finally in section 2.4 Traffic types and ideal parameter choices, we bring together the requirements placed by some traffic types and corresponding suggested configuration of various NR parameters that would mitigate the impact of high UE power consumption in NR.
2 Discussion
[bookmark: _Ref520132844]2.1 Types of traffic to consider for NR
In this section we take a look at popular traffic types an eMBB UE is expected to support, that have significantly different characteristics.
2.1.1 Voice call and video conferencing
The ability to place a call is an integral service provided by a mobile phone. In addition to the voice call, scenarios such as virtual offices and remote working [2]  supported by NR would additionally require seamless video conferencing. Data generated by voice and video calls are highly deterministic, as the corresponding codecs generate data at known intervals and of a known size. This determinism allows for the development of optimal mechanisms that can significantly reduce the power consumption of a UE.
2.1.2 Instant messaging
Messaging applications such as WeChat and WhatsApp have risen in popularity with each of them boasting of more than a billion active monthly users [3] [4]. NR can support very high data rates and is very efficient at transmitting a lot of data. However, typical traffic on these messaging platforms is fairly small with sporadic data arrival during active operation. To enable growth in NR adoption, optimising the power consumption of NR for the transport of such low amounts of data is of vital importance.
2.1.3 Streaming video and data downloads
Another popular application with mobile users is a streaming video service such as YouTube, Netflix and iQiYi. YouTube users alone watch a billion hours of video daily, with over half of the views coming from a mobile device [5]. Traffic from streaming sites follow similar patterns as data downloads due to buffering. Buffering of data allows streaming video traffic to be fairly delay tolerant.
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[bookmark: _Ref520215334]Figure 1: Traffic pattern of buffered streaming video
As can be seen in Figure 1 [6], data buffering takes place with chunks of data being periodically transmitted to the viewer. The buffered data is fairly sizeable (~4.5MB per chunk) with data arrival being quite infrequent (~20s). Such traffic can be considered to be fairly similar to data downloads and therefore these two traffic types can be jointly considered.
2.1.4 Gaming
Mobile gaming has come a long way from the days of Snake [7], to grow into a $59.2bn industry in 2017 [8]. With improved mobile connectivity, augmented reality games and multiplayer games have become extremely popular [9][10]. It is expected that this trend in mobile gaming will continue to rise with NR, which brings higher speeds and lower latencies with it. Analysis of multiplayer game traffic shows large amounts of initial data transfer followed by lower traffic levels during gameplay. An additional requirement, especially for multiplayer games, is low latency [11] which limits what can be done from a power consumption perspective. Fast adaptation would be key to addressing power consumption issues for this traffic type.
2.2 Characteristics of traffic types
From section 2.1, the characteristics of different traffic types can vary considerably. We list out a set of characteristics below.
· Voice call, video conferencing, and instant messaging
· Data arrival period is around 20 ms ~ 40 ms
· [bookmark: _GoBack]Data size is typically small, e.g., tens to hundreds bits
· Observed issue in the field: Short DRX period + long inactive timer cause UE continuously monitors PDCCH and cannot sleep 
· Streaming video and data downloads
· Data arrival period can be long, e.g., >= 160 ms
· Data size is typically large, e.g., >= 1M bits
· Observed issues in the field 
· A lot of dummy PDCCH monitoring with short DRX if long DRX cannot be applied
· Data delivering is usually with SCC, but there is significant dummy PDCCH monitoring in SCC between data arrivals
· Gaming
· There looks a mix of frequent small data and sparse large data
· Data size can fall into two extreme categories, <= 100 bits or >= 1M bits
· Observed issues in the field:
· Long DRX cannot be applied due to frequent small data  A lot of dummy PDCCH monitoring 
· Large data delivering is usually with SCC, but there is significant dummy PDCCH monitoring in SCC between data arrivals
2.3 Parameters for traffic-type based adaptation
2.3.1 Discontinuous reception (DRX)
The DRX mechanism in NR defines a duty-cycle based approach for PDCCH monitoring, where ongoing activity extends the monitoring time [12]. A single DRX configuration is defined per cell group at RRC, and is applied to all activated carriers in the cell group. An approach that switches DRX cycle configurations based on the characteristics of ongoing activity would allow a good trade-off between power consumption and performance. The DRX cycle would no longer need to be configured based on the most stringent scenario expected. 
Similarly, the length of the DRX on-duration and inactivity periods have a significant impact on UE power consumption and their adaptation to the ongoing activity would help mitigate this impact. Ideally, these two values would need to be as small a percentage of the duty cycle as possible. Additional periodic activities such as beam management, CSI and RRM also affect UE power consumption. Their impacts also need to be considered when looking at enhancing DRX for Rel-16.
2.3.2 Bandwidth adaptation (BA)
BA with the use of bandwidth parts (BWP) has been introduced in NR to aid UEs with mitigating the power cost associated with the use of wide NR bandwidths during periods of low activity [13]. This concept can be extended in Rel-16 to better cater for the ongoing activity. Switching BWPs can be quite dynamic with the use of DCIs. This would allow for fast adaptation of BWP based on ongoing activity.
2.3.3 Number of carriers
Similar to BA, adaptation of the number of carriers in use based on the ongoing activity could be an important direction to take with respect to power consumption optimisations. Further study is also required on fast cell activation and deactivation to allow for more real-time adaptation of traffic to current performance.
2.3.4 Cross-slot scheduling
The UE spends a large proportion of its time monitoring PDCCH only, with no ongoing activity [14]. However, the UE has to always assume a value of k0 = 0, i.e. same slot scheduling is to be applied. This forces the UE to attempt to receive all symbols over the duration that a UE detects and attempts to decode PDCCH, as the entire DL bandwidth could be scheduled for the UE. As nearly all eMBB traffic can tolerate an additional delay of 1ms, the DL data need not be scheduled until after the corresponding PDCCH is decoded and received. If the UE is aware that the DL data will only be scheduled after a fixed delay from PDCCH reception, this opens up significant power saving opportunities for the UE.
2.3.5 Number of active RX paths and MIMO order
[bookmark: _Ref520130517]In a similar way to BA, matching the MIMO configuration that a UE expects to process to the level of data traffic, could help the UE to adjust  its downlink power efficiency by changing the number of active receive paths in the transceiver and/or the number of layers decoded in the baseband. A UE experiencing low data rates need not expect the maximum MIMO configuration, and a reduction in the maximum configuration would allow it to save power. A fast switch between maximum MIMO configurations is key to allowing real-time adaptation of power consumption performance to traffic.
2.4 Traffic types and ideal parameter choices
As can be seen in section 2.1, the requirements of different traffic types can significantly vary from each other. For an NR UE, the traffic carried by the link would dictate the configuration requirements of parameters that affect power consumption. We list out a set of configurations for voice and streaming video traffic in FR1 in Table 1 below. 
	
	Voice
	Streaming video

	Long DRX cycle
	20-40ms
	≥320ms

	BA
	5-10MHz
	Max

	Number of carriers
	Single CC
	One or more CC

	Cross-slot Scheduling
	SPS (no dynamic scheduling) or cross slot scheduling
	Yes

	Active UE RX paths
	≤2 (highly desirable)
	Max


[bookmark: _Ref520133917]Table 1: Suggested NR parameter setting for voice and streaming video traffic
As shown in the table, different traffic types may lead to different parameter choices. The current approach of having a static configuration provided by RRC might not be best suited to reducing power consumption. To this end, we propose to study the adaptation of all the parameters based on ongoing activity. A framework that enables a fast switch between different configurations would provide the best results with regards to UE power consumption and performance.
3 Conclusion
[bookmark: _Ref489959207]We propose the following for the power consumption study item:
Proposal 1: We study traffic based adaptation of various NR parameters in Rel-16
Proposal 2: When discussing traffic based adaptation of UE power consumption characteristics, we consider the following traffic types: voice call, messaging, streaming video and gaming.
Proposal 3: When discussing traffic based adaptation of UE power consumption characteristics, we consider the adaptation of the following parameters: DRX, BWP, number of carriers, cross-slot scheduling and MIMO order.
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