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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
[bookmark: OLE_LINK13]In RAN#84 meeting, the WID for power saving was updated based on the latest results of RAN2’s study, and the following is the objective for the WI [1]. 
	1) Specify power saving techniques with PDCCH-based power saving signal/channel triggering UE adaptation in RRC_CONNECTED mode [RAN1, RAN2, RAN4] 

a) Specify procedures triggering a MAC entity to “wake up” to monitor PDCCH at reception of the PDCCH-based power saving signal/channel for the next occurrence(s) of the drx-onDurationTimer [RAN2, RAN1]

NOTE: Any change of PDCCH channel coding and payload interleaver is not in the scope

b) Specify the procedure of cross-slot scheduling power saving techniques  [RAN1, RAN4]

NOTE: The procedure is in addition to Rel-15 cross-slot scheduling procedure

2) Specify the power saving techniques of UE adaptation to the maximum number of MIMO layers [RAN1, RAN2, RAN4]
a) Specify configuration of a different MIMO layer configuration of the initial/default BWP compared with other BWPs of a Serving Cell.  [RAN2, RAN4]
i) Discuss whether to also extend this to define per-BWP MIMO layer configuration [RAN1, RAN2] 

b) Evaluate if switching and interruption times for UE dynamic adaptation to the maximum number of MIMO layers are needed and which case assuming a relationship between the number of RF ports and the MIMO layer configuration [RAN4]

NOTE: Switching on/off the RF is part of the evaluation

3) Specify a mechanism for a UE to indicate its preference of transitioning out of RRC_CONNECTED state. [RAN2]

4) Specify, if agreed, the mechanism to provide UE assistance information [RAN2, RAN1]:
· Study and select among the following UE assistance information for RAN2 by RAN#85:
power preferred information (baseline LTE PPI in a well-defined manner) and UE's preference on C-DRX, BWP and SCell configuration [RAN2].
NOTE: additional UE assistance information for RAN1-specific power saving techniques to indicate what setting of parameters related to this Work Item will lead to power savings for the UE can be included if agreed in RAN1.  

5) Specify network-configured mechanism to relax intra and inter-frequency RRM measurement for neighbour cells for RRC_IDLE/INACTIVE with minimal mobility performance impacts [RAN2, RAN4]
a) [bookmark: _Hlk10649837]Specify RRM measurement relaxation by allowing measurements with longer intervals, and/or by reducing the number of cells/carriers to be measured [RAN4, RAN2]
b) Define triggering criteria for the UE to move between relaxed and normal RRM measurements, that considers at least if UE is not at cell edge, or if UE is stationary or with low mobility [RAN2, RAN4].
i) Evaluate and specify requirements (if needed) depending on RAN2 criteria [ RAN4]

NOTE: No new measurement quantities should be introduced 
Note: 
The following objective may be considered in RAN#85 pending progress on SCell dormant behaviour and will be re-evaluated in RAN#85
· Study and specify (if agreed) power saving techniques to reduce PDCCH monitoring on activated SCells for CA and DC (EN-DC in particular).  
· Solutions (e.g. power saving signal/channel, enhancing Rel-15 DRX procedure) are to be discussed
Enhancements to Rel-15 DRX procedure can be studied further if they do not violate the general principle of single DRX configuration per MAC entity


In the 4th bullet, the PPI, C-DRX, BWP and SCell configurations are to be discussed by RAN2. It is noted that RAN1 can decide to introduce additional UE assistance information for RAN1-specific power saving techniques to indicate what setting of parameters for power savings. In this paper we will discuss what other information is beneficial for power saving if reported by UE from RAN1's perspective.
[bookmark: _Ref129681832]Discussion
This section discusses four kinds of potential UE assistance information, which are used as the set of parameters to be used by RAN1-specific power saving techniques.
Preferred MIMO configuration
For MIMO, the UE power consumption mainly depends on how many RF chains and antennas are used for transmitting/receiving. While there is sufficient amount of data in the buffer, it is better that the UE uses its full capability to transmit and receive signals for higher transmission efficiency in case of the arrival of a burst of data. However, while there is little or even no data to be transmitted, it may just waste of power to utilize the full UE capability to switch on all antennas. 
gNB can configure a maximum number of MIMO layers for each CC based on the UE capability reporting. It was agreed that a different configuration of MIMO layers can be configured for the initial/default BWP compared with other BWPs of a Serving Cell for power saving. Furthermore, based on the discussion in[6], per-BWP MIMO layer configuration for non-initial/non-default BWPs and dynamic adaptation in the same active BWP may be introduced. However, since the gNB is not aware of the UE power status or UE characteristics (e.g., the UE temperature), the gNB does not know how to decide a lower MIMO configuration to help the UE to save power. It is helpful for gNB to achieve some UE information to adapt the maximum number of MIMO layers. A simple way is that the UE can report a reduced maximum number of layers and/or reduced number of antennas in UE assistance information. Note that the UE desired maximum number of layers is already agreed to be reported for the purpose of overheating issue, which can easily be extended to the power saving purpose.
Cell-specific configured MIMO layers is determined based on the UE capability reporting. It is expected that BWP-specific configured MIMO layers is smaller than cell-specific configured MIMO layers for power saving. The reported reduced maximum number of layers can be a recommended value for gNB to configure BWP-specific MIMO layers. For example, if the UE reports by assistance information that it desires at most 2 layers for power saving, the gNB can configure the UE with twoLayers or oneLayer by BWP-specific configuration. If the gNB declines the recommendation from UE, the gNB can just do not configure a BWP-specific maximum number of MIMO layers. 
Preferred processing timeline parameters
For processing timeline, it is mentioned in many contributions that timeline relaxation is helpful for reducing UE power consumption. In [2], the simulation results also show that cross-slot scheduling can provide power saving compared with same-slot scheduling. To facilitate the gNB to configure proper cross-slot scheduling parameters, UE can report a relaxed processing timeline (other than the most restricted timeline that is supported by the UE capability) to gNB, such as the UE desired values of K0 (which can also be applied to A-CSI-RS triggering offset) and K2 to consider the tradeoff between the power saving benefit and the delay impact. 
Due to the different implementation, different values may be desired by different UEs. An example is shown in Figure 1. The baseline is the implementation of Rel-15 based scheduling, where no matter how much K0 is, the UE shall buffer DL signal and decode PDCCH within a slot. Thus the power consumption is the highest. UE 1 represents the implementation that is able to adjust processing speed. In this implementation, if min K0 equals to 1 the UE shall decode PDCCH within a slot, and if min K0 equals to 2 the UE can further relax processing to decode PDCCH within 2 slots to save more power. UE 2 represents the implementation that cannot adjust processing speed. In this implementation no matter how much K0 is, the UE shall decode PDCCH within a slot and however the buffering can be avoided. Therefore, depending on different implementation, the UE may have its own desired value or values. The related information can be reported the gNB to save power efficiently.
[image: D:\Outputs\2019\[power saving]\RAN1 #98 contribution\timeline.jpg]
[bookmark: _Ref16068172]Figure 1 Example of different UE implementation on adjusting processing speed
If K1 and A-SRS triggering offset can also be dynamic indicated by gNB, the UE can also report its preferred values for K1 and A-SRS triggering offset.
Preferred offset between power saving signal (outside of Active Time) and OnDuration
It is agreed in RAN1 #97 that monitoring occasion of the power saving signal outside Active Time is defined and configured as  an “indicated” offset relative to the DRX ON duration. It is still FFS regarding the offset range. During the offset, the UE shall at least receive and process the power saving signal to obtain the carried power saving information. It is obvious that the offset should be large enough for the UE to finish the above tasks. However, different UE may have different implementation and may have different processing capabilities (or in other words different processing speed). Therefore the UE can report its preferred value for the offset.
[bookmark: _GoBack]Besides, it is still under discussion whether the power saving signal outside of Active Time can also indicate other power saving techniques, such as A-CSI measurement/report, A-SRS transmitting, and BWP switching. If more information is indicated, more time is need for the extra tasks. For example, if the UE is triggered to perform CSI measurement, it needs to receive CSI-RS, calculate the PMI/CQI/RI, and prepare the CSI report within the duration of the offset. In this case, a lager offset is desired than that when only WUS is indidated. A straight forward procedure should be that 1) the UE reports its desired offset value, and then 2) the gNB configures the UE with power saving signal including the offset and the supported functionalities. It means that when the UE reports its preferred offset value, the UE does not know what tasks would be configured by the gNB to be done during the WUS offset. 
Therefore, the UE may report multiple values, each of which corresponds to a combination of different functionalities. For example, the UE can report two values, one is for “wake-up/go-to-sleep” only, and the other one is for “wake-up/go-to-sleep” and “A-SRS transmitting”.
Preferred CC group information
When UE has multiple component carriers activated in CA, even for the same number of CCs, the power consumption for operating on different sets of component carriers would correspond to different power consumption levels. For example in Figure 2, if CC1 and CC2 are activated the power consumption shall be lower than that for the case when CC1 and CC3 are activated. This is due to the RF bandwidth the UE can support or the number of RF chains used for CA, which depends on UE implementation. Therefore, component carriers can be considered to be grouped into CC-groups where the operation on component carriers in the same CC-group can share modules and correspond to a lower power consumption level.  If the suggestion on the CC-group, which depends on UE implementation, can be reported to gNB, then gNB can try to wake up and schedule the intra-group carriers for saving UE power consumption. From a UE perspective, the UE may switch off the RF chains and other parts of the modem that are to process the carriers belongs to other CC-groups. UE can report the CC-group information to gNB when CA is configured by gNB.
As shown in Figure 2, {CC1, CC2} can be reported as a CC group X and {CC3, CC4} as another CC group Y for UE power saving, respectively. Scheduling inside either group X or group Y can correspond to a low UE power state, and cross CC-group scheduling between these two groups corresponds to a higher UE power state. For example, UE can just use a narrower bandwidth of RF bandwidth1 and keep essential modules to process carriers in CC group X, which contains the primary carrier CC1. 
[image: ]
[bookmark: _Ref16068312]Figure 2 Example of CC grouping for power saving based on UE implementation
From network perspective, gNB can pre-configure the CC groups considering both UE implementation based on UE assistance information and the arriving traffic. PDCCH monitoring on each component carrier can be indicated in the WUS DCI. As discussed in the companion paper [5], it is expected that the power saving field for a specific UE may occupy a small number of bits in the power saving DCI for less resource overhead. Considering that the component carriers in the same CC-group recommended by UE have similar power consumption level on the UE, the PDCCH monitoring indication per recommended CC-group would be a reasonable method to reduce/control the resource overhead for power saving indication per UE. 
As an example in Figure 3, 3 CC groups are configured for a UE: the CC-group 1 only contains the primary carrier CC1, while CC-group2 and 3 contain component carriers from different RF bandwidth respectively. For saving UE power, most of the activated secondary carriers can remain in a low power state if there is no scheduling on them and UE can skip PDCCH monitoring on these component carriers. When there is downlink traffic arrived, the scheduler can indicate UE to monitor appropriate set of CC-groups based on the data amount: if just small amount of data needs to be scheduled, the gNB can indicate in the WUS DCI that the UE to just monitor PDCCH of component carriers in the CC-group 0. Meanwhile, if a large amount of data arrives, the gNB can indicate the UE to monitor the PDCCHs of the component carriers from the CC-group 1 or CC-group2.
[image: D:\Outputs\2019\[power saving]\RAN1 #98 contribution\CC group.jpg]
[bookmark: _Ref16068227]Figure 3 Indicating PDCCH monitoring per recommended CC-group in wake-up signals
[bookmark: OLE_LINK18]According to the power model [2], the power consumption of 2CC is 1.7 times of the power consumption of 1CC and for the worst case in CA the power consumption of 4CC is 3.4 times of the power consumption of 1CC in downlink. For the worst case, the UE implementation regarding RF part can be shown in Figure 3, in which the RF is separated for between CC1/CC2 and CC3/CC4. Based on such implementation, if CC1 and CC3 is activated together, more power is consumed that CC1+CC2.

Proposal 1: The following parameters are supported to be reported as UE assistance information:
· Preferred per-BWP MIMO configuration
· Preferred processing timeline parameters
· Preferred offset(s) between power saving signal (outside of Active Time) and the associated ON duration
· Preferred CC group information
Conclusions
In this contribution, UE assistance information is discussed. And we have the following proposals:
Proposal 1: The following parameters are supported to be reported as UE assistance information:
· Preferred MIMO configuration
· Preferred processing timeline parameters
· Preferred offset(s) between power saving signal (outside of Active Time) and OnDuration
· Preferred CC group information
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