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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
In RAN1#101-e, the working assumption on the minimum time gap was confirmed, and some specification alignment was agreed. Therein, the agreements on the minimum time gap are as follows:
	working assumption in RAN1#100b-e:
1. The value of minimum time gap is decoupled with SCell dormancy indication.  
1. Two values of minimum time gap in terms of slots per SCS are specified based on the assumption that PDCCH carrying DCI format 2_6 can be at any symbol of the slot indicated by monitoringSymbolsWithinSlot of SearchSpace IE as follows,
	 SCS (kHz)
	Minimum Time Gap TminimumTimeGap(slots)

	
	Value 1
	Value 2

	15
	1
	3

	30
	1
	6

	60
	1
	12

	120
	2
	24



Agreements in RAN1#101-e:
· Confirm the WA on the minimum time gap values made in RAN1#100b-e



This contribution discusses the remaining issues on power saving Rel-16. Firstly we discuss the UE behavior when both WUS and dormancy indication are configured. Then a clarification on UE RRM measurement is made. Third, the application delay of cross-slot scheduling for timer/RRC signal based BWP switching case is discussed. Forth, the relationship between maxMIMO-Layers and antenna ports are clarified. And finally, some corrections on the monitoring cell of DCI format 2_6 are made. 
Discussion
[bookmark: _Ref45118237]UE behavior when dormancy indication is configured
[bookmark: OLE_LINK17][bookmark: OLE_LINK27]According to the agreements in RAN1#101-e, the reported minimum gap value may be smaller than the BWP switching delay specified in Rel-15. In this case, if a DCI format 2_6 indicates a BWP switching due to dormancy adaptation, it needs further discussion to specify when the UE starts to do the BWP switching.
As shown in Figure 1, denoted by t1 the time instant which is X slot(s) prior to the ON Duration and by t2 the time instant that is a duration of W prior to the ON Duration, in which W is a duration determined by the BWP switch delay T minus the first Y PDCCH OFDM symbols. In any monitoring occasion of DCI format 2_6 between t1 and t2, if the dormancy indication is transmitted, the UE may not able to finish the BWP switch before the ON Duration starts. This increases the scheduling delay on SCells since UE cannot transmit and receive data right after the drx-onDurationTimer is started. Moreover, the impact on the latency may be even larger considering that the interruption to other serving cells especially to the PCell may occur during the BWP switch time on the indicated SCell(s).
[image: ]
Figure 1. [bookmark: OLE_LINK13]The issue that the indicated SCells may not complete the BWP switch when the ON Duration starts.
Based on the previous agreements, UE shall monitor the monitoring occasions during the monitoring window defined by ps-offset and the reported minimum gap. However, to avoid the scheduling delay caused by BWP switch, the dormancy indication bit of a SCell group could be ignored if the indication is carried by a DCI format 2_6 detected in a monitoring occasion partially or fully overlapping with the time location, which is determined by the reported BWP switching delay prior to the ON duration. 
Figure 2 shows the principle of the solution. This does not impact the WUS indication bit and therefore gives the network more flexibility to transmit WUS indication. For the specification impact, there is no need to change the UE behavior regarding how to monitor DCI format 2_6 before the ON duration and may just specify in TS 38.213 that the dormancy indication bit shall be ignored if received after the time, which is BWP switching delay prior to the ON duration.
[image: ]
Figure 2. [bookmark: _Ref36720447]UE ignores the dormancy indication bits if a DCI format 2_6 is received after the dormancy application delay in the monitoring range
Proposal 1. UE ignores the dormancy indication bits if a DCI format 2_6 is received on a monitoring occasion partially or fully overlapping with the time location which is BWP switching delay prior to the ON duration.

Clarification on UE RRM measurement
When DCI format 2_6 is configured, it has been agreed that UE RRM measurement is not impacted by DCI format 2_6 and the corresponding modifications in TS 38.214 have been adopted, as given below.
	5.1.6.1.3	CSI-RS for mobility
< some text is omitted >
If the UE is configured with DRX, the UE is not required to perform measurement of CSI-RS resources other than during the active time for measurements based on CSI-RS-Resource-Mobility. When the UE is configured to monitor DCI format 2_6, the UE is not required to perform measurements other than during the active time and during the timer duration indicated by drx-onDurationTimer based on CSI-RS-Resource-Mobility. 
If the UE is configured with DRX and DRX cycle in use is larger than 80 ms, the UE may not expect CSI-RS resources are available other than during the active time for measurements based on CSI-RS-Resource-Mobility. If the UE is configured with DRX and configured to monitor DCI format 2_6 and DRX cycle in use is larger than 80ms, the UE may not expect that the CSI-RS resources are available other than during the active time and during the time duration indicated by drx-onDurationTimer for measurements based on CSI-RS-Resource-Mobility. Otherwise, the UE may assume CSI-RS are available for measurements based on CSI-RS-Resource-Mobility.


[bookmark: _GoBack]
However, the current description is unclear. It is known that the drx-onDurationTimer may or may not be started based on the detection of DCI format 2_6. When the drx-onDurationTimer is started, the active time will include the time duration indicated by drx-onDurationTimer. Therefore, the current description of “during the active time and during the timer duration indicated by drx-onDurationTimer” is not clear enough and may cause misunderstanding that it is unnecessary to include the wordings of “and during the time duration indicated by drx-onDurationTimer”. Since the original intention is to specify that UE is still required to perform RRM measurements during the time duration indicated by drx-onDurationTimer when drx-onDurationTimer is not started, which should be the time duration outside the active time, so it is proposed to revise the wordings as in the following TP, which uses similar description for CSI measurement and L1-RSRP measurement.
	------------------------------------------ Start of Text Proposal 1------------------------------------------
5.1.6.1.3	CSI-RS for mobility
< Unchanged text is omitted >
If the UE is configured with DRX, the UE is not required to perform measurement of CSI-RS resources other than during the active time for measurements based on CSI-RS-Resource-Mobility. When the UE is configured to monitor DCI format 2_6, the UE is not required to perform measurements other than during the active time and during the timer duration indicated by drx-onDurationTimer also outside active time based on CSI-RS-Resource-Mobility. 
If the UE is configured with DRX and DRX cycle in use is larger than 80 ms, the UE may not expect CSI-RS resources are available other than during the active time for measurements based on CSI-RS-Resource-Mobility. If the UE is configured with DRX and configured to monitor DCI format 2_6 and DRX cycle in use is larger than 80ms, the UE may not expect that the CSI-RS resources are available other than during the active time and during the time duration indicated by drx-onDurationTimer also outside active time for measurements based on CSI-RS-Resource-Mobility. Otherwise, the UE may assume CSI-RS are available for measurements based on CSI-RS-Resource-Mobility.
< Unchanged text is omitted >
------------------------------------------------ End of Text Proposal 1-----------------------------------------------



Proposal 2. Adopt TP1 in TS 38.214 to clarify UE behavior of RRM measurement when DCI format 2_6 is configured.

[bookmark: OLE_LINK39]Application delay for timer/RRC based BWP switching
In RAN1#101-e, most of the remaining issues on cross-slot scheduling based power saving were well discussed and corresponding agreements were achieved [1]. However, it is still open about the application delay for timer/RRC based BWP switching. In this section, this open issue is discussed.
In Rel-15 and Rel-16, three kinds of BWP switching are specified, i.e. DCI based BWP switching, timer based BWP switching and RRC based BWP switching. Since the applicable K0min/K2min is configured per BWP, it is important to define the application delay for K0min/K2min of the new switch-to BWP, so that gNB and UE can have the aligned understanding.
In RAN1#100bis meeting, DCI based BWP switching case was discussed, and it was agreed that in case of cross-BWP scheduling the indicated K0min/K2min of target BWP is always applied starting from the slot of PDSCH or PUSCH scheduled by the DCI. However, it is not specified when the K0min and K2min on the new BWP take effect in case of timer/RRC signaling triggered BWP switching.. 
The motivation for the agreement is that the new K0min/K2min will take effect immediately from the time when the UE can be scheduled in the new BWP. In other words, the application delay for DCI based BWP switching is defined as the same as the scheduling delay in case of DCI based BWP switching. Following the same principle, for timer/RRC signaling based BWP switching, the straight forward way is to specify K0min/K2min on the new BWP is applied immediately from the slot where the UE can receive or transmit as defined by the BWP switching delay. Based on the analysis, the following proposal and text proposal is provided.
Proposal 3. [bookmark: OLE_LINK40][bookmark: OLE_LINK41]For timer or RRC signaling based BWP switching, the applicable K0min/K2min on the new BWP is applied immediately from the slot where the UE can receive or transmit as defined by the BWP switching delay, and adopt TP2 in TS 38.214.
	------------------------------------------ Start of Text Proposal 2------------------------------------------
< Unchanged parts are omitted >
5.3.1	Application delay of the minimum scheduling offset restriction
When the UE is scheduled with DCI format 0_1 or 1_1 with a ‘Minimum applicable scheduling offset indicator’ field in slot n, it shall determine the K0min and K2min values, if configured respectively, to be applied, while the previously applied K0min and/or K2min values are applied until the new values take effect. If the DCI in slot n also indicates an active DL (UL) BWP change for a serving cell, the indicated K0min (K2min) value in the new active DL (UL) BWP, if configured, is applied from the slot indicated by the slot offset value of the time domain resource assignment field in the DCI. Otherwise, change of applied minimum scheduling offset restriction indication carried by DCI in slot n, shall be applied in slot n+X of the scheduling cell. The UE does not expect to be scheduled with DCI format 0_1 or 1_1 with ‘Minimum applicable scheduling offset indicator’ field indicating another change to K0min or K2min for the same active BWP of the scheduled cell before slot n+X of the scheduling cell.
When the DCI format 0_1 or 1_1 with ‘Minimum applicable scheduling offset indicator’ field indicating a change to the applied K0min or K2min is contained within the first three symbols of slot n, the value of application delay X is determined by, where  K0minOld is the currently applied K0min value of the active DL BWP in the scheduled cell and is zero, if minimumSchedulingOffsetK0 is not configured for the active DL BWP in the scheduled cell, Zµ is determined by the subcarrier spacing of the active DL BWP in the scheduling cell in slot n, and given in Table 5.3.1-1, and µPDCCH and µPDSCH are the sub-carrier spacing configurations for PDCCH of the active DL BWP in the scheduling cell and PDSCH of the active DL BWP in the scheduled cell, respectively, in slot n. After indication of a change to the applied K0min or K2min of the scheduled cell in slot n of the scheduling cell, if there is an active DL BWP change in the scheduling cell before slot n+X, the new K0min and/or K2min values are applied from the first slot no earlier than the start of slot n+X based on the sub-carrier spacing configuration of the active DL BWP in the scheduling cell in slot n.
When the UE changes an active DL BWP due to a BWP inactivity timer expiration, the K0min value in the new active DL BWP is applied from the slot where the UE can receive or transmit as defined by the BWP switching delay [11, TS 38.133]. When the UE changes an active DL (UL) BWP due to RRC signalling, the K0min (K2min) value in the new active DL (UL) BWP is applied from the slot where the UE can receive or transmit as defined by the BWP switching delay [11, TS 38.133].
< Unchanged parts are omitted >
-------------------------------------------- End of Text Proposal 2-----------------------------------------



Relationship between maxMIMO-Layers and antenna ports
In the contribution, the terminologies used is clarified as following:
· Rx antenna: the hardware to receive DL signal, which has the same meaning as Rx chains or antenna connectors in RAN4.
· MIMO layer: data transmitted on a layer is a data stream that is independent with the data with other layers.
In MIMO theory, if UE wants to successfully receive a DL data with N layers (or N independent data streams), at least N Rx antennas are required. In other words, if UE use N antennas to receive DL signal, at most N layers of data can be decoded. Based on this knowledge, it is only specified that UE can report maxNumberMIMO-LayersPDSCH instead of reports its antenna number. In the WID [2], the relationship is also assumed, which is shown as the following.
	a) 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


Thus, there is an underlying relationship between maximum DL MIMO layers and Rx antennas.
On the other hand, the intention of per-BWP DL MIMO layers configuration is that UE adaptation of the number of Rx antennas provides power saving gains. For example, if per-BWP DL MIMO layers are re-configured to 2 layers from 4 layers, the power consumption is reduced if UE switches to 2 Rx antennas from 4 Rx antennas. Otherwise, the power saving would be very limited. In [3], it is shown in Table 21 that 2Rx power is 0.7x 4Rx power for FR1. During the discussion in RAN1, the common understanding is the UE may use reduced number of Rx antenna for the reception of PDSCH if the maximum MIMO layers of the active BWP is smaller than the maximum MIMO layers corresponding to the band. All the simulations showing power saving gain assumed UE would turn off some Rx antennas. If UE cannot turn off Rx antennas, then UE cannot get the expected power saving gain. 
Therefore, to avoid any confusion, it is proposed to clarify this RAN1 assumption that the UE may use the same number of Rx antenna(s) in a DL BWP as the maximum number of DL MIMO layers indicated per BWP. It is proposed to be captured in RAN2 spec as a note for the maxMIMO-Layers parameter in PDSCH-config IE for the clarification.
Proposal 4. Make a conclusion in RAN1 that UE may use N Rx antennas for the reception of PDSCH on the DL BWP when the per-BWP configured maxMIMO-Layers for a DL BWP is N.
Corrections on the monitoring cell of DCI format 2_6
The DCI format 2_6 has been agreed to be monitored only on the primary cell. However, based on the specification in Section 10.1 of 38.213, this is not correctly captured. 
Thus, we propose to adopt the following TP3 in TS 38.213.
	------------------------------------------ Start of Text Proposal 3-----------------------------------------
10.1	UE procedure for determining physical downlink control channel assignment 
A set of PDCCH candidates for a UE to monitor is defined in terms of PDCCH search space sets. A search space set can be a CSS set or a USS set. A UE monitors PDCCH candidates in one or more of the following search spaces sets
< Unchanged parts are omitted >
-	a Type3-PDCCH CSS set configured by SearchSpace in PDCCH-Config with searchSpaceType = common for DCI formats with CRC scrambled by INT-RNTI, SFI-RNTI, TPC-PUSCH-RNTI, TPC-PUCCH-RNTI, TPC-SRS-RNTI, or CI-RNTI, or PS-RNTI and, only for the primary cell, C-RNTI, MCS-C-RNTI, or CS-RNTI(s), or PS-RNTI, and
< Unchanged parts are omitted >
------------------------------------------ Start of Text Proposal 3-----------------------------------------


Proposal 5: Adopt the TP3 in TS 38.213.

[bookmark: _Ref129681832]Conclusions
According to the previous discussion, we have the following observations and proposals:
Proposal 1. UE ignores the dormancy indication bits if a DCI format 2_6 is received on a monitoring occasion partially or fully overlapping with the time location which is BWP switching delay prior to the ON duration.
Proposal 2. Adopt TP1 in TS 38.214 to clarify UE behavior of RRM measurement when DCI format 2_6 is configured.
Proposal 3. For timer or RRC signaling based BWP switching, the applicable K0min/K2min on the new BWP is applied immediately from the slot where the UE can receive or transmit as defined by the BWP switching delay, and adopt TP2 in TS 38.214.
Proposal 4. Make a conclusion in RAN1 that UE may use N Rx antennas for the reception of PDSCH on the DL BWP when the per-BWP configured maxMIMO-Layers for a DL BWP is N.
Proposal 5. Adopt the TP3 in TS 38.213.
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