Page 4
Draft prETS 300 ???: Month YYYY


3GPP TSG-RAN WG1 Meeting #90-Bis
R1- 1717781
Prague, Czech, 9th – 13th October 2017
Agenda Item:
7.3.1.5
Source:
Apple Inc.
Title:
Control Information for UE Power Saving
Document for:
Discussion, Decision

1 Introduction
This is the revised version of R1-1716553. In RAN1#86, it has been shown in [1] that UE power consumption while UE is in ON state of RRC Connected mode is significant based on DoU use cases. It is noted is that the significant portion of battery power was actually used for performing blind PDCCH decoding only without following PDSCH. This means that large amount of battery power is consumed without receiving useful data for users. The importance of power efficient operation in NR is higher than that of LTE since NR UE is expected to process much larger bandwidth with higher data rate, which potentially requires higher power consumption than LTE UE. In this regard, in NR, it is very important to consider power efficiency such that devised mechanisms have minimal power consumption and maximal battery life and performance. Following agreements were made to reflect these points in RAN1#86[2] and RAN1NR#1.
Agreements:
· Impact of UE DL reception energy consumption should be studied also considering the total power consumption mainly focusing on DoU
· e.g., UE decoding power consumption in the physical layer DL control blind decoding in lack of grant

· e.g., UE decoding power consumption in the slot with the data

· e.g., UE decoding power consumption in the data reception process

· e.g., UE decoding power consumption in the measurement

· e.g., UE decoding power consumption in the SS

· UE power reduction techniques also should be studied
Agreements:
· The UE will have the possibility to determine whether some blind decodings can be skipped based on information on a ‘group common PDCCH’ (if present).
In RAN1, the discussion on power saving is happening in two different contexts – eFeMTC and NR. In eFeMTC, Wake-up signal(WUS) and Go-to-sleep signal(GSS) were heavily discussed and RAN1 has common understanding that WUS can provide significant power saving gain [4,5,6]. In NR context, we think introducing such signal is also very helpful for power saving.

On the other hand in RAN1, BWP discussion is on-going in RAN1, where one of main use cases is UE power saving. It has been agreed that RRC and DCI are supported to indicate BWP switching in RAN1#90.
Agreements:
· There is an initial active DL/UL bandwidth part pair to be valid for a UE until the UE is explicitly (re)configured with bandwidth part(s) during or after RRC connection is established
· The initial active DL/UL bandwidth part is confined within the UE minimum bandwidth for the given frequency band
· FFS: details of initial active DL/UL bandwidth part are discussed in initial access agenda

· Support activation/deactivation of DL and UL bandwidth part by explicit indication at least in (FFS: scheduling) DCI
· FFS: In addition, MAC CE based approach is supported

· Support activation/deactivation of DL bandwidth part by means of timer for a UE to switch its active DL bandwidth part to a default DL bandwidth part
· The default DL bandwidth part can be the initial active DL bandwidth part defined above 

· FFS: The default DL bandwidth part can be reconfigured by the network

· FFS: detailed mechanism of timer-based solution (e.g. introducing a new timer or reusing DRX timer)

· FFS: other conditions to switch to default DL bandwidth part

In this contribution, we discuss GSS type control information that helps UE save power. Our approach is closer to GSS type since we focus more on Connected mode operation. But, this approach could be easily modified to WUS type approach.
2 CDRX and Limited Adaption to Dynamic Traffic Variation
In real LTE network with multiple users, DL/UL grants for data transmission to/from a UE are transmitted with random intervals among them. In each subframe, eNB scheduler selects subset of users in the cell and schedules PDSCH/PUSCH transmissions. To provide reasonably low packet delay to each of UEs, eNB scheduler provides temporally fair share of transmission opportunities to those UEs, which increases inter grant arrival time from a single user perspective.
The inter-grant arrival time (or grant interval) is determined by many factors such as user-application interaction, the number of UEs in the system, traffic types and its arrival pattern (VoIP, FTP, Video, HTTP), scheduling policy, etc. Thus, it is hard to characterize the statistical property of dynamically changing grant interval with a single number.

For this reason, LTE provides fairly flexible CDRX parameters to cover large amount of operating points in the power and delay performance domain. For example, shortDRXCycle ranges 2~640ms, onDurationTimer ranges 1~200ms, drx-InactivityTimer ranges 0~2560ms. Specific parameter values for each UE are selected and configured with RRC signaling between eNB and UE. Ideally, eNB could choose optimal DRX parameters depending on traffic pattern to provide the best power saving gain and delay performance to each UE.
However, in a real system, the parameter values are usually static and does not change very often. Although gNB sees incoming traffic from core network after user initiates e.g., downloading, it is still hard to change parameters dynamically due to quickly varying traffic load and traffic pattern and the change requires RRC signaling.
Due to this reason, for a UE in connected mode, it turned out that the portion of time the UE monitors PDCCH only without grant is significant[1]. It was also noted in that the power for monitoring PDCCH only is larger than the power consumption for data reception and CDRX operation (in sleep state) combined.
Thus, we see there is a strong need for more dynamic method which allows UE modem to enter low power state when there is no grant. In NR, the need for the introduction of such signal is even stronger due to potentially increased traffic burstiness mainly due to wider bandwidth support and limited possibility of scheduling multiple UEs simultaneously in mmWave system with analog beam forming.
3 Control Information for UE Power Saving
In this section, we propose to introduce a control signal sent by gNB to make UE modem to enter low power states for a specified time duration. This is explicit approach compared to CDRX approach in the sense that UE goes to low power state only when it receives a signal to do so. CDRX approach is a rule based depending on timers and packet arrivals. It is gNB which knows the packets arrivals, buffer status, number of UEs simultaneously served, etc. So, it is gNB which can best estimate the grant interval. Thus, to further increase power saving gain above CDRX, we think gNB should be able to send control signal directly to UE to make UE go to low power state.
3.1 Power State of UE Modem System
Modern wireless receiver typical has multiple power states depending on on/off status of various component blocks. Different blocks have different switching time between on and off state, and different blocks have different power consumption. It is completely up to implementation, i.e., design/architecture of the HW/SW of baseband/RF. Thus, the amount of power consumption in each of power states depends on the set of blocks which could be turned off in each state. And, whether or not to make modem state to move to a specific state depends on how long UE can sleep due to different amount time required for switching (both from ON to OFF / OFF to ON).
This implies that the longer UE could sleep the deeper or lower power state it can change to, which could save more power and accordingly more energy. Thus, to fully take advantage of power saving opportunity (which is basically grant interval), we think it is needed to provide a mechanism indicating sleep.
3.2 Control Information for Sleep
gNB can signal the absence of grant for K upcoming consecutive slots for deeper sleep. In this case, as shown in Figure 2, UE can skip decoding NR-PDCCH for K consecutive slots and potentially take deeper sleep to further reduce power consumption. This mechanism, for example, could be triggered by buffer status of a UE and scheduling order, etc to provide UE-specific power saving opportunity. For example, after gNB schedules UE A, it can directly signal UE A the absence of grant for upcoming K slots since gNB knows that the UE A won’t be scheduled for next K slots. Those K slots would be used for serving other UEs in the cell. Or, if gNB finds that UE A’s buffer is empty after sending a grant, then gNB can help UE A go to deep sleep for upcoming K slots. gNB could take into account various such factors to determine sleep duration K.
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Figure 2 Control information and UE in deeper sleep state
Proposal 1: 
· In NR, it is proposed that gNB sends control information to a UE signaling the absence of DL/UL grant for the UE, which could help the non-scheduled UE to move to lower power state for saving power during the duration with no grant.
3.3  Power Projection
In this section, we estimate the potential power saving gains of the proposed scheme based on the actual UE modem logs captured while running applications such as video (Youtube) and web browsing (BBC/CNN). The logs capture DL and UL grants received by the UE, and we calculate potential power saving gain assuming that hypothetical gNB sends control information for sleep between two consecutive grants.
Specifically, we consider following hypothetical gNB operation and calculate of potential power saving.
· When gNB sends a grant to a UE, it knows the time duration until the time next grant is sent to the UE.

· With the grant, a sleep control information is sent to the UE to indicate the duration of sleep until next grant time.
· Once UE receives the indication for sleep, UE goes to the lowest power state it can go during the given sleep duration.
· After the sleep duration, UE wakes up to receive next grant.
Regarding the statistics of the traffics, we observe followings from our logs. The CDF for video and web-browsing are given in Figure 3.
· For video, the mean grant inter-arrival time is 5ms.
· For web-browsing, the mean grant inter-arrival time is 6.2ms.
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Figure 3 CDF of grant inter-arrival time
We observe following CDRX parameters from the logs.
· onDurationTime = 10 ms

· drx-inactivityTimer = 100 ms
· longDRXCycle = 320 ms
Power saving gain is defined as (Power_legacy – Power_proposed ) / Power_legacy, where Power_legacy is the power consumed by legacy system without proposed sleep control information. Power_proposed is an expected power consumption based on hypothetical gNB operation described above.
 Table 1 shows the projected power saving when sleep control information is used. It is observed that the potential power saving is quite large.
Table 1 Potential Power Saving Gain
	
	Video (Youtube)
	Web browsing (CNN/BBC)

	Potential Power saving gain (%)
	44%
	54%


Observation 1:

· Potential gain of sleep indication scheme is around 40~50%.
3.4 UE-specific vs Group Indication
For control indication for deep sleep, we think it is better to be UE-specific since the length of relatively long sleep duration is more application specific, buffer specific, or accordingly UE specific. Providing UE-specific K value makes the UE operation more power efficient. If K value is small (e.g., K=1), the group-based indication is also good choice in the sense that it could reduce signalling overhead and easy to find many UEs who benefit from the micro-sleep. However, considering that typical K values to be signalled is larger than 1 in many cases to maximize power saving gain, UE specific signalling method is preferred.
Proposal 2:

· NR supports UE-specific control indication for UE power saving.
3.5 Signalling in Bandwidth Part Indication 
To reduce signaling overhead, one can think of carrying control information in grant, which does not require introducing a separate DCI for indication. In current RAN1 BWP discussion, it has been agreed that BWP indication is done through either RRC or DCI signaling. For DCI signaling case, it was agreed to use at least scheduling DCI to indicate BWP for PDCSH transmission, which means the DCI would include a field for BWP indication (BWPI).
Considering UE power saving is the one of the most popular use cases of BWP operation, we think BWPI could be used for indicating potential UE sleep. Note that in BWP indication, large BWP is indicated to serve large amount of data, and small BWP is indicated for serving small amount of data (or control), which makes sense from UE power saving perspective. Further extending this idea of relating the size of bandwidth and amount of data to serve, it is very natural to introduce the notion of a BWP of size zero (BWPZ) which could be used to indicate UE sleep operation.
During the RRC configuration for BWPs for a UE, BWPZ could be configured as one of BWPs to the UE. Thus, network can indicate the absence of grant for upcoming K slots. The K value could be RRC configured. 
Although BWP operation is a mainly frequency domain power saving technique, it could be seen as time domain technique as well especially when bandwidth of size 0 is used. This idea of time domain power saving could be further extended by introducing multiple BWPZ with different K values in BWPI table.
Proposal 3:

· NR support BWP of size zero to indicate absence of grant for upcoming K slots.
3.6 Timing of Control Information with BWPZ
It was noted that the transition time in RF aspect for BWP switching ranges from 20us to 100us depending on whether center frequency change is required or not[7]. We also have baseband transition time in parallel with this. Then, taking into account these factors (which may be UE-specific), network can determine K0 values (which is the time duration in slots between PDCCH and corresponding PDSCH) when BWP switching is scheduled. If BWPZ is indicated, then no switching is required. Accordingly, K0 value could be 0 in this case.
Proposal 4:

· When BWP of size zero is indicated to a UE, K0 value in the corresponding DCI could be larger or equal to 0.
4 Conclusions
In summary, we have proposed a control indication for UE power saving. Using this scheme, network can directly signal the absence of grant for upcoming time duration to help UE power saving. It can be incorporated to the framework of bandwidth part operation by introducing the notion of BWP of size zero. We have also provided power projection which shows proposed scheme has quite promising potentials. Based on above discussion, we make the following proposals.
Proposal 1:
· In NR, gNB sends control information to UEs helping non-scheduled UEs to move to lower power state for power saving.
Observation 1:

· Potential gain of sleep indication scheme is around 40~50%.
Proposal 2:

· NR supports UE-specific control indication for UE power saving.
Proposal 3:

· NR support BWP of size zero to indicate the absence of grant for upcoming K slots.
Proposal 4:

· When BWP of size zero is indicated to a UE, K0 value in the corresponding DCI could be larger or equal to 0.
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