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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. One of the scope is how to support cross-slot scheduling for UE power saving. It has progressed in last meeting: 
Agreements:

· For an active DL and an active UL BWP, a UE can be indicated via signalling(s) from gNB to adapt the minimum applicable value(s) of K0, K2 and/or aperiodic CSI-RS triggering offset (with/without QCL_typeD configured) where the signalling type is to be down-selected from:

· Alt 1: MAC-CE based

· Alt 2: L1 based
· FFS: How to determine the minimum applicable value if explicit value is not provided.

Agreements:

Possible candidate indication methods to adapt the minimum applicable value of K0 (or K2) for an active DL (or UL) BWP, where the indication method is to be selected from:

· Alt 1: Indication of a subset of TDRA entries, e.g., bit-map based indication

· Alt 2: Indication of one active table from multiple configured TDRA tables

· Alt 3: Indication of the minimum applicable value

· Note: Other option is not precluded

Note: PDCCH monitoring case 1-1 is prioritized for the design. 

FFS: Whether and how the minimum applicable K0 (or K2) value of the active DL (or UL) BWP is also applied to cross-BWP scheduling 

Agreements:

Possible candidate indication methods to adapt the minimum applicable value of the aperiodic CSI-RS triggering offset for an active DL BWP, where the indication method is to be selected from: 
· Alt 1: Implicit indication by defining the minimum applicable value the same as the minimum applicable K0 value when indicated

· Alt 2: Indication of the minimum applicable value 
· Note: Othfer option is not precluded

Note: PDCCH monitoring case 1-1 is prioritized for the design. 

In this contribution, we further 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 
On motivation for cross-slot scheduling to support power saving is considering the PDCCH decoding time. Cross-slot scheduling will assure switching-off time.
In addition, relaxing the processing timeline could allow slow UE’s baseband operation with a lower clock frequency which is also 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 K0 value or other Ks
If we only take PDCCH decoding time into consideration, K0 has to be relaxed for sufficient time of DL assignment decoding. If we consider to support slowing down UE, e.g. with a lower clock frequency, the K2 and K1 values also have to be relaxed. 

If slow UE operation is not considered, only K0 are needed.  This is due to the reason that Rel-15 already take the processing time into account. In 38.214, we have:
The value of 
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 is used both in the case of normal and extended cyclic prefix.
Table: PUSCH preparation time for PUSCH timing capability 1
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	PUSCH preparation time N2 [symbols]

	0
	10

	1
	12

	2
	23

	3
	36


Table: PUSCH preparation time for PUSCH timing capability 2
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	PUSCH preparation time N2 [symbols]

	0
	5

	1
	5.5

	2
	11 for frequency range 1


The 
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 is derived by N2 value, gNB scheduler will ensure every UL grant meet the 
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 limit. Thus, if there is no further assumption of slow UE operation, K2 is not needed to be relaxed. 

The same motivation is behind K1. However, the current agreements take both K0 and K2 into consideration but not K1 yet. If we don’t have more justification behind the agreement, we propose to consider some more consistent proposal as follows.
Proposal 1: The processing time components for cross-slot scheduling include:

A. PDCCH decoding time

B. Relaxing UE processing time

If we only consider A, then the K0 can be relaxed only. Otherwise, K0/K1/K2 can be relaxed.
2.2 Mechanism to relax processing time-line 

In order to support adaptation in processing timeline, the following 3 alternatives have been proposed for further discussion. 

· Alt 1: Indication of a subset of TDRA entries, e.g., bit-map based indication

· Alt 2: Indication of one active table from multiple configured TDRA tables

· Alt 3: Indication of the minimum applicable value

With alt 1/3, a TDRA table is configured to the UE and valid TDRA entries are indicated with bit-map or a minimum applicable value. 

With Alt 2, 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
	-
	-


Alt 2 is preferred due to its following merits:

1) With dedicated TDRA table to support cross-slot scheduling can maintain the maximum number(i.e., 16) of TDRA entries used for cross-slot scheduling thus the maximum scheduling flexibility is guaranteed. 
2) With Alt1/3, there would be waste of the “Time domain resource allocation” in the scheduling DCI since the bitwidth needs to be determined based on the total number of TDRA entries but there are some invalid entries in the TDRA table for cross-slot scheduling. 
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 state/modes.  
Proposal 2: Different sets of k0/k1/k2 values can be configured to the UE for adaptation in processing timeline.
Proposal 3: 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.
2.3 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 4: In power saving mode, The UE specific PDCCH search space monitoring periodicity can be restricted to multiple of (min(k0)+1).
The triggering of cross-slot scheduling can be bonded with adaptation of PDCCH search space monitoring periodicity.
3 Minimum timings and numerologies
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 state/mode.
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 5: Minimum power saving timings for PDCCH-to-PDSCH, PDCCH-to-PUSCH and PDSCH-to-PUCCH (ACK) are introduced.
The TDRA table configured for power saving state/mode followed that minimum value
In Rel-15, the PDCCH decoding already take into account different numerologies. The maximum number of blind decodes is decreasing with increasing of SCS. The values are defined per slot. Thus, for 1 slot UE should be able to process the PDCCH and know if there is a PDSCH in the next slot. 
	Max no. of PDCCH BDs per slot
	SCS

	
	15kHz
	30kHz
	60kHz
	120kHz

	Case 1-1
	44
	36
	22
	20


The number of channel estimation of PDCCH is also scaled according SCS. At least for case 1-1 and case 1-2, all UE supports channel estimation capability for following numbers of CCEs for a given slot per scheduled cell

· 56 CCEs for SCS = 15kHz and 30kHz

· 48 CCEs for SCS = 60kHz

· 32 CCEs for SCS = 120kHz

Then it is natural to support 1 minimum value to be applied for all SCSs: e.g. K0=1

However, as mentioned in above, the PUSCH processing time is depending on SCS. For higher SCS, it takes more time for UE preparing the data. Introducing a larger timing than 
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 means UE can process the data in a power efficient way. In same reasoning, that larger timing gap is depending on SCS. 
Proposal 6: If minimum values for K2 and K1 are introduced for power saving, different values can be applied for different SCSs.
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 a larger CSI-RS triggering offset with a UE power saving state/mode could be an option.
Proposal 7: UE associate a larger CSI-RS triggering offset in UE power saving state/mode, in the case that all the associated trigger states do not contain QCL Type D information.
The slot offset does not have to be same as K0, since the measurement would like to be performed as earlier as possible. For SRS, if the minimum PDCCH-to-PUSCH is to be extended for purpose of slowing-down UE process and power saving, the aperioidc SRS may also to be associated with a larger offset. 
Proposal 8: UE associate a larger SRS triggering offset in UE power saving state/mode.
5 C-RNTI and TDRA table
The TDRA tables for DL assignment can be default A/B/C, pdsch-configcommon and pdsch-config. The selection of table is determined jointly by configuration of RNTI and configuration lists. It is concluded that RNTI, SI-RNTI, SI-RNTI, RA-RNTI, TC-RNTI and P-RNTI will not apply power saving adaptation for the minimum k values. 
For C-RNTI, it the PDSCH time domain allocation list can be expanded into 2 list in a configuration. This expansion can be configured for pdsch-TimeDomainAllocationList provided in pdsch-Config. 
	RNTI
	PDCCH search space
	SS/PBCH block and CORESET multiplexing pattern
	pdsch-ConfigCommon includes pdsch-TimeDomainAllocationList
	pdsch-Config includes pdsch-TimeDomainAllocationList
	PDSCH time domain resource allocation to apply

	C-RNTI, MCS-C-RNTI, CS-RNTI
	Any common search space associated with CORESET 0
	1, 2, 3
	No
	-
	Default A

	
	
	1, 2, 3
	Yes
	-
	pdsch-TimeDomainAllocationList provided in pdsch-ConfigCommon

	C-RNTI, MCS-C-RNTI, CS-RNTI
	Any common search space not associated with CORESET 0

UE specific search space
	1,2,3
	No
	No
	Default A

	
	
	1,2,3
	Yes
	No
	pdsch-TimeDomainAllocationList provided in pdsch-ConfigCommon 

	
	
	1,2,3
	No/Yes
	Yes
	pdsch-TimeDomainAllocationList provided in pdsch-Config


Proposal 9: pdsch-TimeDomainAllocationList provided in pdsch-Config can be extended to 2 lists. The additional list is for larger minimum K0 values.
6 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 state/mode. As summary, we made the following proposals.
Proposal 1: The processing time components for cross-slot scheduling include:

A. PDCCH decoding time

B. Relaxing UE processing time

If we only consider A, then the K0 can be relaxed only. Otherwise, K0/K1/K2 can be relaxed.
Proposal 2: Different sets of k0/k1/k2 values can be configured to the UE for adaptation in processing timeline.
Proposal 3: 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 4: In power saving mode, The UE specific PDCCH search space monitoring periodicity can be restricted to multiple of (min(k0)+1).
The triggering of cross-slot scheduling can be bonded with adaptation of PDCCH search space monitoring periodicity.
Proposal 5: Minimum power saving timings for PDCCH-to-PDSCH, PDCCH-to-PUSCH and PDSCH-to-PUCCH (ACK) are introduced.
The TDRA table configured for power saving state/mode followed that minimum value
Proposal 6: If minimum values for K2 and K1 are introduced for power saving, different values can be applied for different SCSs.
Proposal 7: UE associate a larger CSI-RS triggering offset in UE power saving state/mode, in the case that all the associated trigger states do not contain QCL Type D information.
Proposal 8: UE associate a larger SRS triggering offset in UE power saving state/mode.
Proposal 9: pdsch-TimeDomainAllocationList provided in pdsch-Config can be extended to 2 lists. The additional list is for larger minimum K0 values.
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