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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
[bookmark: OLE_LINK13]The work item of UE power saving was approved in RAN#83 meeting. The scope of the work item until June, 2019 is as following [1], which would be further revised/expanded in RAN#84 meeting. 
1) Specify power saving techniques with UE adaptation with focus in RRC_CONNECTED mode [RAN1, RAN4] 
a) Specify the power saving techniques with power saving signal/channel 
i) Specify the PDCCH-based power saving signal/channel triggering UE adaptation in RRC_CONNECTED
ii) Note: this objective shall not duplicate DRX operation and impact to DRX is studied at RAN2
iii) 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  
i) Note: The procedure is in addition to Rel-15 cross-slot scheduling procedure
2) Evaluate the required switching and interruption times for UE dynamic adaptation to the maximum number of MIMO layers [RAN4]
a) Note: Switching on/off the RF is part of the evaluation
Note: 
· These objectives are RAN1/RAN4 focus and do not consider RAN2 impact. 
·  The objectives are subject to further update in RAN#84.  The update will be based on recommendations from the completion of RAN2 study and remaining RAN1 recommendations based on the conclusion of RAN1 study.
This contribution will discuss the design of power saving adaption based on the operation in a group of cell in power efficient way.
Discussion
Analysis on power adaptation based on CC-grouping 
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 1, 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: ]
Figure 1 Example of CC grouping for power saving based on UE implementation
[bookmark: _GoBack]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 [2], the WUS DCI, especially the UE-specific WUS DCI, is expected to have small DCI format size for better detection performance and 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 DCI format size. 
As an example in Figure 3, 4 CC groups are configured for a UE: the CC group 1 only contains the primary carrier CC1, while CC group 2 and 3 contain component carriers from different width of 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 1. 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.


Figure 2 Indicating PDCCH monitoring per recommended CC-group in wake-up signals
Benefits of power adaptation based on CC grouping
[bookmark: OLE_LINK18]In the power model discussion in RAN1#95 meeting, 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 2, in which the RF is separated for between CC1/CC2 and CC3/CC4 and other modules cannot be shared, and meanwhile there is no scheduling restriction for the 4CCs. Therefore the power consumption of 4CC is consumed twice as much as the power consumption of 2CC.
[image: ]
Figure 3 Illustration of the worst case in CA
[bookmark: OLE_LINK33]The total power consumption includes the power of RF part and baseband part. Table 1 shows the comparison between the inter-group scheduling and intra-group scheduling. When the same number of component carriers are scheduled, the power consumption of baseband processing is same, however, the power consumption of RF part for CC1 and CC3 would be larger than that for CC1 and CC2. If the gNB adopts the UE reported CC grouping information and schedules intra-group component carriers, the power consumption of 2CC is 1.7 times of the power consumption of 1CC; otherwise, the power consumption of 2CC would be 2~3.4 times of the power consumption of 1CC.
Table 1 Comparison between inter-group and intra-group scheduling
	Case
	CC1 and CC3 scheduled (inter-group scheduling)
	CC1 and CC2 scheduled (intra-group scheduling)

	Baseband processing
	Same

	RF bandwidth
	large
	small

	Power consumption estimation
	In the range of 2~3.4 times of power consumption to handle 1CC
	1.7 times of power consumption to handle 1CC



[bookmark: OLE_LINK31]Proposal 1: Support UE reporting recommended CC-grouping information
Proposal 2: Further consider per recommended CC-group indication if the indication of PDCCH monitoring on component carriers is introduced in WUS DCI.
Conclusions
This contribution analyzes the benefit of CC-group reporting and the potential usage of CC-grouping in WUS DCI. Based on the discussions and analysis, and the following proposals are proposed.
Proposal 1: Support UE reporting recommended CC-grouping information
Proposal 2: Further consider per recommended CC-group indication if the indication of PDCCH monitoring on component carriers is introduced in WUS DCI.
References
[1] [bookmark: _Ref4162419][bookmark: _Ref7184968]RP-190727, New WID: UE Power Saving in NR, CATT.
[2] [bookmark: _Ref7724723]R1-1906005, PDCCH based power saving signal/channel, Huawei, HiSilicon.

Microsoft_Visio___111111.vsdx
CC group 1: {CC1}
CC group 2: {CC1, CC2}
CC group 3: {CC1, CC2, CC3, CC4}
CC1 (PCell)
CC2
CC3
CC4
On duration
On duration
On duration
WUS indicating CC group 0
WUS indicating CC group 1
WUS indicating CC group 2
UE RF bandwidth 1
UE RF bandwidth 2
UE RF bandwidth 3



image3.png
BB Ol 00> (i ¢CCi—>
el

implementation ;o UE RF Bandwidth | —»  <—UE RF bandwidih2—»-




image1.emf
CC

1

CC

2

PDCCH

PDSCH

K0

PDCCH

PDSCH

PDCCH

PDSCH

UE RF Bandwidth

1

CC

3

CC

4

CC1 CC2 CC3 CC4

UE RF Bandwidth1

UE RF bandwidth3

gNB

UE

UE 

implementation

CCs configured 

by gNB

K0

RF retune 

time

UE RF Bandwidth

2

UE power for 

proposed solution

Sleep power

UE power for 

legacy solution

UE RF Bandwidth2

Larger K0


image2.emf
CC group 1: {CC1}

CC group 2: {CC1, CC2}

CC group 3: {CC1, CC2, CC3, CC4}

CC1 (PCell)

CC2

CC3

CC4

On duration On duration On duration

WUS indicating CC group 0 WUS indicating CC group 1 WUS indicating CC group 2

UE RF bandwidth 

1

UE RF bandwidth 

2

UE RF bandwidth 

3



3GPP TSG RAN WG1


 


Meeting


 


#9


7


 


R1


-


19


07522


 


R


eno


, USA, 13


th


 


–


 


17


th


 


May, 2019


 


 


Agenda Item:


 


7.2.9.3


 


Source:


 


Huawei, 


HiSilicon


 


Title:


 


CC grouping operation for UE power saving


 


Document for:


 


Discussion and 


D


ecision 


 


 


1


 


Introduction


 


The work item of UE power saving was approved in RAN#83 meeting. The scope of the work item until 


June, 2019 is as following


 


[1]


, which would be further revised/expanded in RAN#84 meeting. 


 


1)


 


Specify power saving techniques with UE adaptation with focus in RRC_CONNECTED mode 


[RAN1, RAN4]


 


 


a)


 


Specify the power saving techniques with power saving signal/channel 


 


i)


 


Specify the PDCCH


-


based power saving signal/channel triggering UE adaptation in 


RRC_CONNECTED


 


ii)


 


Note: this objective shall not duplicate DRX operation and impact to DRX is studied at RAN2


 


iii)


 


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  


 


i)


 


Note: The procedure is in addition to Rel


-


15 cross


-


slot scheduling procedure


 


2)


 


Evaluate the require


d switching and interruption times for UE dynamic adaptation to the maximum number of 


MIMO layers


 


[RAN4]


 


a)


 


Note: 


Switching on/off the RF is part of the evaluation


 


Note: 


 


·


 


These objectives are RAN1/RAN4 focus and do not consider RAN2 impact. 


 


·


 


 


The objectives a


re subject to further update in RAN#84.  The update will be based on recommendations 


from the completion of RAN2 study and remaining RAN1 recommendations based on the conclusion of 


RAN1 study.


 


This


 


contribution 


will discuss the design of power saving 


adaption based on the operation in a group of cell 


in power efficient way.


 


2


 


Discussion


 


2.1


 


Analysis on power adaptation based on CC


-


grouping 


 


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 1, if CC1 an


d 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, 


compon


ent 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 implemen


tation, 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 belo


ngs 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} c


an be reported as a CC group X 


and {CC3, CC4} as another CC group 


Y for UE power saving


, re


s


pectively


. 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 t


o process carriers in CC group X, which contains the primary carrier CC1. 


 




3GPP TSG RAN WG1   Meeting   #9 7   R1 - 19 07522   R eno , USA, 13 th   –   17 th   May, 2019     Agenda Item:   7.2.9.3   Source:   Huawei,  HiSilicon   Title:   CC grouping operation for UE power saving   Document for:   Discussion and  D ecision      1   Introduction   The work item of UE power saving was approved in RAN#83 meeting. The scope of the work item until  June, 2019 is as following   [1] , which would be further revised/expanded in RAN#84 meeting.    1)   Specify power saving techniques with UE adaptation with focus in RRC_CONNECTED mode  [RAN1, RAN4]     a)   Specify the power saving techniques with power saving signal/channel    i)   Specify the PDCCH - based power saving signal/channel triggering UE adaptation in  RRC_CONNECTED   ii)   Note: this objective shall not duplicate DRX operation and impact to DRX is studied at RAN2   iii)   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     i)   Note: The procedure is in addition to Rel - 15 cross - slot scheduling procedure   2)   Evaluate the require d switching and interruption times for UE dynamic adaptation to the maximum number of  MIMO layers   [RAN4]   a)   Note:  Switching on/off the RF is part of the evaluation   Note:       These objectives are RAN1/RAN4 focus and do not consider RAN2 impact.         The objectives a re subject to further update in RAN#84.  The update will be based on recommendations  from the completion of RAN2 study and remaining RAN1 recommendations based on the conclusion of  RAN1 study.   This   contribution  will discuss the design of power saving  adaption based on the operation in a group of cell  in power efficient way.   2   Discussion   2.1   Analysis on power adaptation based on CC - grouping    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 1, if CC1 an d 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,  compon ent 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 implemen tation, 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 belo ngs 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} c an be reported as a CC group X  and {CC3, CC4} as another CC group  Y for UE power saving , re s pectively . 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 t o process carriers in CC group X, which contains the primary carrier CC1.   

