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1 Introduction
As we described in WID scope, the objective for power saving feature is to specify the UE power saving techniques with UE adaption in achieving UE power saving.  The power saving technique should address latency and performance in NR as well as network impact.  The objective of the UE power saving includes the following,
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.
In this contribution, we discussed the supporting of cross-slot scheduling to achieve the power saving gain during the period of a scheduling PDCCH and the associated PDSCH/PUSCH. Corresponding PUCCH feedback and CSI feedback are also discussed.
2 Processing time-line for cross-slot scheduling 
Relaxing the processing timeline which could enable lower UE’s baseband operating with a lower clock frequency that is beneficial for UE’s power saving. In addition, as discussed in previous meetings, cross-slot scheduling itself is beneficial for UE’s power saving.  For PDSCH/PUSCH transmission, relaxing the processing timeline can be realized by configuring the time domain resource allocation table for PDSCH/PUSCH with a large minimum k0/k2 value. For ACK/NACK feedback for PDSCH, a large minimum k1 value shall be guaranteed. 
2.1 Mechanism to relax processing time-line 

In order to support adaptation in processing timeline, the UE can be configured with different TDRA table e.g., as listed in the following Table 1a and Table 1b. For the time duration when UE only has services not latency sensitive, a TDRA table with large minimum k0/k2 (e.g., as shown in Table 1b the minimum k0 equals to 2) can be used. When the services that is delay stringent, another TDRA table with minimum k0/k2 equalling to 0(e.g., as shown in Table 1a) can be used. The network can indicate the UE which TDRA table to be used in the subsequent scheduling with DCI or MAC CE indication. 
Table1a PDSCH time domain resource allocation supporting same-slot scheduling

	
	K0
	mappingType
	startSymbolAndLength

	Entry 1
	0
	-
	-

	Entry 2
	2
	-
	-

	Entry 3
	4
	-
	-

	Entry 4
	6
	-
	-


Table1b PDSCH time domain resource allocation only support cross-slot scheduling

	 
	K0
	mappingType
	startSymbolAndLength

	Entry 1
	2
	-
	-

	Entry 2
	3
	-
	-

	Entry 3
	4
	-
	-

	Entry 4
	6
	-
	-


For the k1 values, the set is configured by RRC. It can be similarly configured with 2 sets of values and the second set only has large k1s, e.g. ACK/NACK after 1 or more slots.

The table or feedback timeline enabling power efficient operation can be defined as a power saving mode/states.  
Proposal 1: Different sets of k0/k1/k2 values can be configured to the UE for adaptation in processing timeline.
Proposal 2: Different TDRA tables can be configured for the UE and DCI or MAC CE signaling can be used to indicate which TDRA table is activated. And one of the TDRA table correspond to power saving mode.
2.2 Combination of different processing time-lines for power saving

In considering different K values, the power saving gain comes for 2 types of operation: 1. it can be from the decoding without buffering the whole bandwidth signal in the same time. That is typical for k0 larger than a threshold. 2. It can also be from the suppressing the whole receiving/transmission/processing by slowing down the chip clock. Increasing k0/k1/k2 can all achieve some power saving. 

In that sense, the PDCCH-to-PDSCH processing would be saved more in power consumption by cross-slot scheduling. However, all the timelines should be configured together to make a complete power saving scheme/mode. And the system should work with other necessary configurations, including the PDCCH search space monitoring periodicity. 
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Figure1. PDSCH transmission in all slots with cross-slot scheduling
In Figure1, the UE is configured with scheduling PDCCH in every slot and minimum k1=1. Then, it is possible that the UE receive DL signal for every slot. The buffering of whole band is not needed and thus some power can be saved. However, the power saving effect is not maximized due to the RX is turned on in most of time. 
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Figure2. PDSCH transmission in all slots with cross-slot scheduling and larger PDCCH monitoring periodicity
Instead, we can consider restricting the PDCCH monitoring periodicity in the power saving mode as shown in Figure2. The UE specific PDCCH search space periodicity can be restricted to multiple of (min(k0)+1), e.g. 2 slot periodicity for k0=1.  
Proposal 3: In power saving mode, The UE specific PDCCH search space periodicity can be restricted to multiple of (min(k0)+1).
3 Minimum timings
In Rel-15, cross-slot DL scheduling can be implicitly supported by configuring pdsch-TimeDomainAllocationList table. However, it is unclear how can UE assume a power saving state/mode even when they don’t have any entries with k0=0.
We should decide minimum timings for PDCCH-to-PDSCH, PDCCH-to-PUSCH and PDSCH-to-PUCCH (ACK). A minimum timing mean for how long the gap is guaranteed for both gNB and UE side to make all UE be possible to enter into power saving mode/state.
Due to the different power saving factors, those timings do not share a common value. PDCCH-to-PDSCH is more determined by the PDCCH blind decoding time, which was not explicitly considered in specification. The PDCCH-to-PUSCH put different effort since it would also consider the data encoding. In the first stage, RAN1 can conclude set of timing in number of symbols based on the Rel-15 UE processing capabilities PDCCH-to-PUSCH. In the end, all those values can be converted into number of slots.
Proposal 4: Minimum power saving timings for PDCCH-to-PDSCH, PDCCH-to-PUSCH and PDSCH-to-PUCCH (ACK) are introduced.
4 CSI measurement timing
In RAN1#92, we have the agreement for CSI measurement session:

For CSI acquisition, aperiodic CSI-RS triggering offset can be 0, 1, 2, 3, 4 slots.

· If all the associated trigger states do not contain QCL Type D information, aperiodic CSI-RS triggering offset is fixed to zero
It was also brought forward that NR specification has a problem other than PDSCH/PUSCH/PUCCH that may prevent the support of cross-slot power saving. A-CSI request and CSI-RS measurement do not support the cross-slot operation. The CSI-RS in the same slot of the scheduling PDCCH will prevent the UE turning off the receiver RF. Even the UE can optimize for only store the pre-configured REs, the power saving effect will be comprised. 
To alleviate the problem, it was proposed to allow non-zero aperiodic CSI-RS triggering offset in the case that all the associated trigger states do not contain QCL Type D information. In general, it can be done by further update the agreement to set a larger CSI-RS triggering offset. But then the operation needs to be differentiated to the Rel-15 UE behaviour. Associating the larger CSI-RS triggering offset with a UE power saving state/mode could be an option.
Proposal 5: UE associate the larger CSI-RS triggering offset with a UE power saving state/mode, in the case that all the associated trigger states do not contain QCL Type D information.
5 Conclusion

In this contribution, we discussed on cross-slot scheduling for NR power saving. For standardization, a common understanding of UE power saving timelines should be introduced. The related behaviours can be considered to be associated with a pre-defined power saving mode/state. As summary, we made the following proposals.
Proposal 1: Different sets of k0/k1/k2 values can be configured to the UE for adaptation in processing timeline.
Proposal 2: Different TDRA tables can be configured for the UE and DCI or MAC CE signaling can be used to indicate which TDRA table is activated. And one of the TDRA table correspond to power saving mode.
Proposal 3: In power saving mode, The UE specific PDCCH search space periodicity can be restricted to multiple of (min(k0)+1).
Proposal 4: Minimum power saving timings for PDCCH-to-PDSCH, PDCCH-to-PUSCH and PDSCH-to-PUCCH (ACK) are introduced.
Proposal 5: UE associate the larger CSI-RS triggering offset with a UE power saving state/mode, in the case that all the associated trigger states do not contain QCL Type D information.
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