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Introduction
In last RAN#83, power saving WID was agreed [1].This contribution  provides the details of a proposed procedure of the UE power scheme with UE adaptation to the BWP/Scell, and shows evaluation results on power saving gain.

Power Saving Schemes with UE adaptation to BWP
From the results of Rel-16 study of power saving in NR [2], the power saving schemes with UE adaptation to BWP operation show 8.5% - 45% power saving gain.  The power saving gains result from the UE adaptation to the BWP operation based on the different traffic and system load. The dynamic switching of the BWP is controlled by the L1 signalling included in the scheduling DCI. The UE adaptation to the BWP operation is to allow UE to reduce the power consumption during the BWP switching and achieve the link adaptation gain for the PDSCH reception.   

UE Adaptation to BWP switching in NR R15

The BWP switching in Rel-15 is based on the BWP switching indication included in the scheduling DCI format.  Rel-15 BWP adaptation can achieve UE’s power saving by monitoring PDCCH on narrow band BWP and switching to wideband BWP upon data arrival.  The CSI feedback of the wideband BWP is needed in order to perform DL link adaptation.  If UE does not provide CSI information for the target BWP in time, the link adaptation gain cannot be achieved and the performance of PDSCH reception is degraded. However, UE cannot perform CSI measurement and reporting on a non-active BWP. Therefore, in order to perform the link adaptation after BWP switching to the wideband BWP, an aperiodic CSI-RS must be triggered and transmitted along with the BWP switching.  This will allow UE to perform the CSI measurements on the target wideband BWP and feed back the aperiodic CSI subsequently after BWP switching. The time offset between DCI and CSI-RS transmission would be configured by RRC signalling whose value configuration is {0,1, 2,3,4,16,24} slots [3].  The CSI reporting information is triggered by UL DCI and carried by PUSCH.  When the aperiodic CSI is fed back to the gNB, the gNB can schedule the PDSCH transmission and achieve the link adaptation gain. The procedure is shown as following figure.



Figure 1  BWP siwthching with legacy R15 scheme
Rel-15 BWP switching would spend unnecessary UE power on PDCCH monitoring without any PDSCH scheduling after switching to wideband BWP. Furthermore, the latency of CSI acquisition is dependent on BWP transition time, time offset between DCI for the request of CSI-RS transmission, latency between CSI reporting slot and DCI UL scheduling, and UL/DL transmission direction configuration.  Therefore, smallest latency of CSI acquisition time should be considered. An example of an enhanced timeline is shown in Figure 2, where time slot between DCI with CSI request is assumed as 0 slot, CSI reporting time offset is assumed 1slot from DCI with CSI request and scheduling DCI. 


 
Figure 2  BWP siwthching with legacy R15 scheme and smaller CSI acquistion latency

Proposal 1:  Although NR Rel-15 DCI triggered dynamic BWP switching aims at achieving UE power saving, some reducing the CSI acquisition latency could further reduce the UE power consumption.


[bookmark: OLE_LINK17][bookmark: OLE_LINK18]UE Adaptation to BWP switching with enhancement scheme

Rel-15 BWP adaptation could have further power consumption reduction if UE does not perform any unnecessary processing after the BWP switching to the wideband BWP.  The key point in reducing the UE power consumption is to reduce the unnecessary PDCCH monitoring before the CSI acquisition and feedback report to the gNB for PDSCH scheduled transmission.   
Rel-15 BWP switching with fast CSI acquisition and PDCCH monitoring reduction could further reduce the UE power consumption as shown in Figure 3. UE monitors PDCCH on narrow band BWP1. When data arrives, DCI triggers BWP switching and A-CSI RS transmission on target data transmission BWP2.  UE would not monitor the DL search space on the PDCCH for PDSCH reception during this period.  UE would only monitor UL search space after a configured period and feed back the updated CSI to the gNB for scheduled DL data transmission. As in Rel-15, when data transmission is finished, DCI for DL scheduling (or timer) is used to indicate BWP switch to BWP1 to continue PDCCH monitoring. The detailed procedure is provided in Section 2.3.


Figure 3  Enhanced BWP switching and CSI acquisition

Proposal 2: Rel-15 DCI based BWP switching could be enhanced by suspending PDCCH monitoring and fast CSI acquisition to achieve further UE power saving.

Evaluation results for UE Adaptation to BWP switching with enhancement scheme

The evaluation results are based on the above analysis. Three cases are modelled. Case1 is based on legacy Rel-15 BWP switching scheme, which is the baseline.  DCI DL format could be used to trigger BWP switching. Then DCI UL format could trigger CSI request.  Case2 is based on the reduced PDCCH monitoring and fast CSI acquisition.
[bookmark: _Ref534963148]Table 1  Evaluation cases of power saving schemes for UE adaptation to BWP switching
	Cases
	Item
	Note

	Case1
	[bookmark: OLE_LINK51][bookmark: OLE_LINK52][bookmark: OLE_LINK53]Legacy R15 BWP switching
	1) UE perform PDCCH monitoring in narrow BWP1;
2) CSI-RS reception in wideband BWP2 after BWP switching ;
3) PDSCH reception in wideband BWP2;
4) A-CSI RS could be triggered by DCI.

	Case2
	Reduce PDCCH monitoring and fast CSI acquisition 
	1) UE performs PDCCH monitoring in narrow BWP1;
2) DCI trigger BWP switching and A-CSI RS transmission;
3) Suspend DL search space monitoring during fast CSI acquisition
4) PDSCH reception in wideband BWP2.


[bookmark: OLE_LINK49][bookmark: OLE_LINK50]
The procedure of the power saving schemes with UE adaptation to the BWP switching with additional PDCCH monitoring reduction and fast CSI acquisition are as follows, 
· Step1: UE is configured with BWP operations based on Rel-15 DCI triggered BWP switching
· A narrow band BWP is configured for the power saving purpose.   UE performs PDCCH monitoring on the narrow band BWP
· Up to 4 wideband BWPs are configured for the data reception with different data size
· Step2: UE performs PDCCH monitoring on narrow band BWP
· Step3:When UE detects the DCI, if DCI trigger BWP switching,
· Aperiodic CSI-RS is transmitted 
· UE performs CSI measurements on the target wideband BWP
· UE suspends DL search space monitoring during the CSI measurements in a configured period of time.
· Step4: UE feeds back the CSI to gNB and starts monitoring the DL search space.  
· Step 5: UE is scheduled to receive DL data from wideband BWP with link adaptation gain
· Step6: After complete reception of data from wideband BWP, UE is triggered by DCI to switch to narrow band BWP.
The simulation parameters and the detailed results based on the evaluation cases are shown in Annex. The list of UE power saving gains is shown in Table 2.
[bookmark: _Ref534929779][bookmark: OLE_LINK63][bookmark: OLE_LINK83]Table 2 Power saving gain of the enhancement of BWP adaptation
	Traffic type
	FTP3
	IM

	
	case1
	case2
	case1
	case2

	Slot-averaged  power consumption(unit/slot)
	15.15
	13.40
	3.75
	3.52

	Power saving gain
	0.00%
	11.56%
	0.00%
	5.93%



Based on simulation results shown in above table, it is observed that: 
· Rel-15 DCI based BWP switching could be enhanced with suspending PDCCH monitoring and fast CSI acquisition evaluated as the Case 2 can provide power saving gain about 5.9%~11.6% comparing with the benchmark of R15 BWP operation. 

[bookmark: OLE_LINK9][bookmark: OLE_LINK10][bookmark: OLE_LINK20]Proposal 3:  Capture in the TR the principles of power saving scheme with enhancement of Rel-15 BWP adaptation presented in this contribution, with associated power saving gain.

Conclusion 

In this contribution, the enhancement of UE BWP adaptation are discussed and analyzed.  We have the following proposals:
Proposal 1:  Although NR Rel-15 DCI triggered dynamic BWP switching aims at achieving UE power saving, some reducing the CSI acquisition latency could further reduce the UE power consumption.
Proposal 2: Rel-15 DCI based BWP switching could be enhanced by suspending PDCCH monitoring and fast CSI acquisition to achieve further UE power saving.
Proposal 3:  Capture in the TR the principles of power saving scheme with enhancement of Rel-15 BWP adaptation presented in this contribution, with associated power saving gain.

References
[1] [bookmark: _Ref446506608][bookmark: _Ref446507216][bookmark: _Ref446511358][bookmark: _Ref786534][bookmark: _Ref4480397][bookmark: _Ref520799438][bookmark: _Ref784372][bookmark: _Ref520314936]RP-190727, “New WID: UE Power Saving in NR”, CATT, CAICT
[2] [bookmark: _Ref784629]TR 38.840, V1.0.0 (2019-03)
[3] TS 38.214 V15.5.0 (2019-03)
[bookmark: OLE_LINK107][bookmark: OLE_LINK108]Annex
Simulation assumptions for power saving consumption are shown as following table.
Table 3 Simulation assumption for frequency domain adaptation
	Simulation case
	Assumptions

	Frequency domain adaptation
	DRX cycle
	320ms,160ms
320ms for IM;160ms for FTP3

	
	On-duration-timer
	10ms,8ms

	
	Inactivity timer
	100ms for 160ms DRX-cycle,80ms for 320ms DRX-cycle

	
	MAC-CE function
	Enable.
Inactivity timer could be terminated by MAC-CE. 

	
	CSI acquisition
	aperiodic CSI-RS triggering by DCI

	
	TDD configuration
	DSUUD, SCS=30KHz

	
	Bandwidth
	100MHz

	
	UL transmission
	Disable, UL slot is assumed as micro-sleep and ideal feedback for ACK, CSI.

	
	Transmission rate
	Transmission rate is based on DU scenario SE with 256 transmission antenna, gNB: (M,N,P,Mg,Ng; Mp,Np) = (16,8,2,1,1;2,8).10UE is dropped within one TRP.

	
	Traffic model
	FTP3 with 0.5Mbytes packet size and 200ms inter-arrival time;
IM with 0.1Mbytes packet size and 2sec inter-arrival time
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